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THE TOP QUESTIONS

Gordon Kane
Randall Physics Lab
University of Michigan

ABSTRACT

This talk Is intanded i survey the main topics that will be covared at this
workshop, smphasizing somé of the issues and goals. | try o provide an
overview of the physics opportunities once the top quark is detectad. Mast topics
hava siready besn studied to some axtent in the Berature and will be covered in
detall in othar tafks; | also spend a few minutes on some very recent work about
the possibiiity of detecting CP violation st colliders.
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Standard Model Limits on the Top Quark Mass

Jauzs PILCHER

University of Chicage
Chicage, IL G067

ABSTRACT
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Search for the Top
at Fermilab

1 G. P. Yeh
Fermi Lab

. - ABSTRACT

We present the status of top search st Fermilab. We discuss prospecis in the
next two years for the discovery of the top quark.




Om{r-‘ﬁe o4 ths talk :

Status of '92 Tevatron, CDF, DO
expscting lots of dats in next fewr months
plota/numbers from *82 dats expire immsdiataly
top quark production and detection
DiLepton channsl
Lspton + jets channel

Summary and Prospects

pp collisions at /8 = 1800 GeV

o(total) T0mb 7 x 1072 cm?
o(bb) 30 ub 3 x 1072 cm?
a(W) 20nb 2 x 10732 em?
o{Z) 2nb 2 x 107¥ em?
o(M;=150) 10 pb 1 x 107 em?
Goal for next few months
Luminosity I = 5§ x 10% fsec/cm?

JLdt = 25pb™! = 2.5 x 10% jem?
For tf detection efficiency = 1%,

expect = 2.5 DiLepton events if M; =150

(one event per 10'? collisions)




Nevents = Lo D

i
400

Suat
L  (integrated) luminosity v ¢ .
e 12 10 /fem?/sec in'89 #v ‘ vo! -2
5 10% fem?/sec in '92-'93 25 -’
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R. K. Ellis
FERKILAB-Pub-91/30-T _ X
PP - VEw1.8 Te¥, lyl<l, propr
_ Top quark production cross section 10% y T ' T
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very clean
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DiLepton Analyses with '80 date  Utep linit _ Fom My, > 9l gev PRL

2 pb-1 O candistes 60 GeV¥ Feb. '89 *
1 candids ’ PRL ". ol
. 2 candidate 72 Ge¥  May B9 _ Muy . (dilepton) (1—b—pg) o5 Neoews
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DiLepton s Lelow Pt mu » Feb. *00 - ;‘; g:: &22: ?5:; 10.5
DiLepton + Lelow Pt Pl 91 Ge¥  MNov. '91  PRL " 6.5
iLepton + ow Pt _wu » Flug @ ¥ i 10D 0.33 0.29 % 43
!91 -9y Ruws °
\f\fﬂfk (o P]’Fj ress ADD CMX more A Ctl’?l"ﬂj{
. LT AT
Extensive Desta and Wonte Carlo comparisons 4 K
. rack
studiss on e« tau  end mu + tau Lepten M
Extending dilepten acceptance Dﬂ
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studias on Mtop from DiLepton svents ' .
2 4 ek B 20 GeV Kok
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Oart. wntevests ~9 eveat frem Ve CTREN
e deiag studied,

'92-'93 and 04 Runs :

nex and improved detectors : YTX, (PR, QUP, GIEX,
5VX, improved Plug, dE/fdx

heavier tep mass region =) higher efficiencies

maxinize sffcioncias | o.g. = {or mu) + tau
low Pt Dilspton

may rasch 1350 Ge¥ for 26 pb-1 DilLeptens mlone
160 GaY combining other anakysas

170 Re¥ for 100 pb-1 Dileptons alone
200 Qe¥ combining other analyses



lepton + jets Top Search L lg

Large background : W + jets

MET=3¥%

E7:63

M, > My invariant masses

b-tagging

COFRTOPYOATAL L ik JTRON . MEY

37548 Evant STER

i ,
F:Jurz 1Y pidure of ove o f e lepbon +Yjels
eyents b ‘b,,j.‘d‘:" with SUX o seft
eptans may be wecessary 4 rdentify
1T fyom leptem +jets events.
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Figure  o(W 4 njeta) as function of jet multiplicity.
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Summary and Prospects

Run 1A in '62-'93, Run 1B in '94: :
expect 6to25 times more integrated Luminosity
Silicon Vertex Detector fo idestify bt an t¥ evests
increased muon acceptance
higher efficiencies for heavier top quark
friendly confirmation/comp etition from DO

CDF Top mass reach :
130 to 150 GeV for 25 pb™!
170 to 200 GeV for 100 pb™?

Discover the Top quark
measure M, to afew GeV/c?

very beautiful B physics
WWwW, Wz, Wv, Zv, ...
SUsY, H*, + ...7
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FUTURE OF TOP PHYSICS
AT THE TEVATRON

Serhan
BROOKHAVEN NATIONAL LABORATORY

ABSTRACT

The planned upgrades of the Tevatron and
the CDF and DO detectors are described
and the possibilities that will open for

discovery and study of the top quark




FUTURE OF TOP PHYSICS AT THE TEVATROMN
Serban

Nov, 8, 1992
1 Tevairou Upgrades 1992-1887
IL CDF dstector {present and futurej

IIL DO detector (present and future)

IV. Top physics

a} Discovery limits

b Measuring the top mass

o} Branching ratios and mon-slanderd deceys

390

TEVATRON UPGRADES

1988-89

-+

Tevairon peak huninosity: 1.8“10‘.@ sog
Total integrated luminosity in COF; 4.5 pb
1992-93 _

{Ia} Improved separators snd P source
Present pesk huminsity 9.2'10 om seo”"

Average integrated fuminceity/week {DOj
in Ocicher 1992: 025 pb

Poak Luminceity expectsd 1o reach > 510 am  seo |

Total expected integrated Iuminoslty > 20 pb_ '
1993-54

(1t} Linao Upgrade N

Expeoted peak Juminosity 1°10 om seo

Total expected integrated tuminosity 100 pb |

. —




TEVATRON UPGRADES [contd}

1995-96 6 bunches = 86 bunches
Gmt&dm-ugyu'rﬂ-aohv
Pesk Juminosity 1.1°10 on seo '
Tohltahgrudlm.lnd:y,j,oopb"

1897-
Main Injector Era
k1 -F -1

Peak Luminesity 5'10 om wsec
Total integrated lumincsity 1000 pb ™'

4

CDF DETECTOR
Inner tracking:
6 m long 14 Tesls solencid
14 m inger radins
Gas drift chamber system

Exoellent momentum resotution:
6_;‘;'-_ v oo [Geei)*

mmmv&mmt&:}nmrﬁm

Mucn detector system:

Central muotis momentuin mmeasured with
inner tracking.

Muon tsgging chambers cutalde calorimeter

coversge Il 10

Whmﬂmwmﬂm\w‘xm

Bl at B0
57 at 45" {to be compieted)

Fwwudmmwﬂhhmﬁll.ﬂm

coverage 20 <1}« 80

Raesalution ‘_fgmsos
?




CDF DETECTOR {ccatd)
Calorimetry:
Central Calorimeter

m P + scintlator, 135%

Ve

% . qasx .
hadronio Fe + sclntillator Lﬁ‘.‘ agte v, 95 jdbs

Transiiion region centrsl to forward 1.1-15

Wall Hadronso Calorimeter
Fe + Sointillator

Plug Calorimeter

% /e
em. Pb+ Cu + Gas 2l-€/

hadr. Fe + gas g.1-Ey + LT Grav

Upgrade replace gas with aciatillator

m

Canirol Mutm Chombers

[ [ i 77
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DO DEIFCTOR

Inner iracking:

_No Magnetio Flald , swsll  Velumws £ xS

Gea drift chamber system inside calorimeter

oentral, forward resolution 200 »
vertex resolution 80 4~

TRO {transition radistion detector} Wi« 1.2

Futare
1985-96 Vertex chamber replaced by
Si vix chamber + Scintillator Iiber

1997-  Expanded coversge with Si Vix chamber
ADl drift chambers roplace by Seintilator Fiber
No TRD. replace by preshower detoctor
Supercondneting Contrel Solencid magnet




DO DETECTOR {oont'd}
Calorimeoter: i
sm + hadronjo fntegrated celorimeter m

U + Hgquid Ar

Contral catcher Cu + Ligquid Ar
End caichers  Stalniess Steel + Liguid Argon

coverage -10 < % < 10 ocentral ealorimeter
10 < M} « 1.4 InterCryostat detectors {ICD}
14« M} < 87 End cep calorimeters
em resolution 1%-2% + 15%//E
had resolution 3%-4% + 45%/Vé single ¥
STO%/ ¢z for jotu with Bt « 20 GeV
SO%Jy  for jets with Bt > 100 GeV
No am ocoverage 1.0 «Iml- 12 ‘
ICD resclutin  100%/fE  for jets



| DO DETECTOR foont'd}

% o
Gas drift chambers + Fe Torolds
Central toroid coversge

A0« <« 10
End toroids coverage

10 <Iv} < 20
Smslt angle torolds coverage

20 « | < 40

Resclution

14 20% up to p 100 GeV
T = 100% st p 50O GeV

Mu ARGON CALORIMETER
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Discovery Limits:
Lumincaity Cialm disovery 80% Uppsr Hmit
100 pb~ 150 GeV 1180 GeV
1000 pb™ 220 GeV 250 GoV

For 1000 pb’ mumhﬂnwlsoaﬂ'
dominated by systematics. nol statistios.

2%-2% aysiematics will give mass to § GeV or better.
Branching ratios

For 1000 pt can set branshing ratio limits at 90% CL.
na.t:-oau} « 25WERHE <1V}

BII.[t Z+dc<03%

w»

© i Mg e

Top Branching Ratios
wmmwpmu ll,,,,
decays 100% to W + b
Mbymlngﬂanﬁudmm.h
diHepton to lepton + jeis channels
and the number of b-jets in top candidete events
Deviations oan ocour if top - H + b
H expected to have large BR 1o TV

= excobs of svents in
e+T and/n-r‘r- final stalew {5% BR}

Ammmlmmdmatﬂ 100%
Statistieal Umit for 120 GeV top and 1000 pb-1

BR {t - H, +¢} 25% (95% CL}

mmmm i
top+Z +e

The BR for t t evensts with cos to Z » 6 & + b
and the other to W+ qG + b in

OSBRit+ Z+ &

For 120 GeV top with 25% mocceptance and 1000 ph-1 '
posaible upper limit s

BR « 03% {90% CL}
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- Distinction between “Evidence for” and:

. of* top 7.5
“Discovery L
1. Excess of ¢ — u events u‘.s F
2. Demonstration of W—b5 decay, couplings w E
3. Mass measurement " gs b
’ o
— Expected event yield for 1 fo-1: s b .
mu,(ggv) eorp+ djetsje-pu . o 80 80 100 120 140 180 - 180 00- 320 z-o‘
126 1380 240 ik~ g top moes Ch : = o
140 m 98 b3 i — -
180 260 24 “i
210 140 12 . 2r y
240 60 5 ': ‘
. . of
— Excess of 4 ¢ — i events (“evidence for”) .o
245 GeV for 1 b2 (185 GeV for 200 pb!), ' 2
% e 100 120 Te0 T80 180100 30 e

top rvese

308




T 20
47
15
12.5

23

17.%
i
12.3
10
7.5

25

Tr|T I Bl Rl B LN AL T

80 80 100 120 140 180

top mass

180 200 220 240

=aapnuniad RS AN LAE RS RS BAE

N ETYEY N el FEETH AW TS R

g.ﬂTL[LE1Th‘-Wﬂ-..I..

50 B0 100 120 140 180

180 200 220 240

175

80 8¢ 100 120 140 180

Lop mosk

180 200 220 240

17.8

-

»

A
UIl-l'l‘Ill'IIIF'II'-'

80 80 100 120 140 &0

top moss

M(. its‘bé$)

180 200 220 240




. w +bie)
{-,F-t wass wmu( Yoy ﬂ,

"3 m 120 s

8% 8

O
1

Ea ;I;.;:.l,--.!-...l....l..l'.‘-flﬂg_{&

80 100 120 140 168 180 206 220
Topt mass (4 jats £120.)

We)es

80 100 120 140 160 180 200 220 "

Topt moss (4 jots E120.)

tto

38883
Y CNas waaa M) s L s i

—
=]

YT YT T YT [T YTTY

-]

40 B0 120 160 200 0 40 8O 120 160 200
18t Jet £t 2nd Jet €

120

o &8 8858838

© prrrrvrTTTITTTTYTTTYTYIT TOTY
e ddd Lkl ikl et W s

20 4 6 8 100 20 40 60 B0 100

Jrd Jel EL 4th Jet Et




et R

W 'J.ig

Lass
%

1t Jot EY

100

2
2
€
&

IR TRV TP PO orT 10 § PP POy PeeT o

382339%22“

4th Jot EX

Jrd JoL EL

mwmmwm
W + jei mass spectra: -

highest nighest B jots with
R es iy re s?: skl shle mdiakio)

ﬂmhwmpmptawutmswmm
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mass closest to W-mass
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between top 1 mnd top 2.

b-jets. This reduces statistics 30% and gives
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LEPTON + JETS CHANNELS M - o4
- 7473
Event Seleotion: : nt 4109
lepton EV1S Gev, Ev15 GeV : wr
3 or maore jota, Ev16 Ge . B - N -
Demoustrate that t T produotion is observed s b
by showing 2nd W~ jets 4.:.
Assums Misxing Ft comes from from W- 1 +» Y S5 | NUUCTOUT PRUUT FUUTN TOURY FOUN FUOE D Ched
pz of W can be oaleulated using W mass constraint D 20 4 $ 80 100 120 140 180 100 200
{2 sclutions} o & mu mese
W + jot mass spectra showld show tlop mass ® © "
i 1 N
Mean
First problem is 1o get rid of W + jets background 2 v
2nd problem is o handls pombinatorial background 25 2
mase 100 120 140 180 » n
o0 jetw as 42 44 47 : » *
oaly 4 jets 32% 27% 21% 17% 1
About 30% of ihe time W goss io 3 rather than 2 jetx :

‘- - 20 40 &0 S0 100 130 140 0 180 200

ol + mu mess
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NUMEBER OF EXPECTED EVENTS

DILEPTON CHANNELS - For 100 pb » E15 GeV fapor jot) , B4 >'S 6
: , Asceptance fov Jeptom _
1 umuummm a
arces seoction: ';,é'}- ":ﬂm ap {2 jonp  lijetai2)
S0% umcertatoty leseds to
= m , uncsrtsinty 10 GeV ' it o 50 {80 570
* 120 84 20 (16) 300
2 Dalits Goldstetn anslysie pr DS (1482) 1§31 , 140 15 10 { 8) 160
+:ﬁ;@dmmhw 180 3 2(y 40
svent probability. -+ 200 307
hmmbﬁu&;mﬂnﬂhuhﬂm W-HY 4400 150

Theoretical unosrtainty on cross section 30%.

ﬂpnnllhyrhlﬂl-lnd
mass 100 120 140 180
ao jete 23 30 as 35 .
only 2 Jets 30% 26% 23% 20% Note: - oce,
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Top Production and Decay at Colliders

C.-P. Yuan

Depastment of Physics and Asironomy
Michigan State University
East Lansing, M1 §852{

ABSTRACT

Wedimthepmducﬁoamadmnismuﬂhehpquukntlhzhudmnmﬂidm: Tevatron,
LHCmdSSC‘Wesnrveythemdiesmthemummentufthewpqmrkmmdthe
decay width (¢t ~+ bW*) via the QUD processes gf, gg —# #f at the LHC and the SSC.
WeshwthumdﬁngtheﬁngkmpqupavduoﬁmvhtheW-gimfusimptomm
provide unique information on: {i) the mensurement of the decay width I'(f =+ bW*); ()
pmbingtheaymmetryhm]ﬁngmecbmismhymﬁngthe form factor of t-b-W ; (it}
testing the Effective-W Approximation prior to supercolliders; (4v] testing CP violation by
oboavingdiﬁ'ermtproducﬁmrﬂesoff’P*tXudPP—riX: {t) testing CP violation
homthedmmhmdxedpmthngitndiuﬂypdm:dhpqmrkdemqinaddiﬁonm
the measurement of the top quark masa. We show that this process is extremely useful at

the Tevatron.
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. . Top at the SSC and LHC

Pekla K. Sinervo
Department of Physics
Uniwersity of Toronie
Toronto, CANADA
- M58 IAY

November 6, 1992

Abstract

The experiments] prospects fer top quark studies at the Sapercon-

r ducting Supercollider (35C) and the Large Hadron Collider {LEC) aze
reviewed, Estimates are made of the precision by which the top quark
mass and branching ratios can be messured at these high energy badron

: colliders, and the potential sigratures for » chargad Higgs hoson lighter
than the top quark are discussed.
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Top at the
SSC and LHC

P. Sinervo
University of Toronto

November &, 1992

Introduction

Top Production and Decay
Detector Requirements

Mass Measurement

Branching Ratios

Charged Higgs Complications
Associated Production of Top
Conclusions

[Introduction ]

The standard model requires a top quark:

» asymmetry In c+e™ — b} scattering
« limits on FCNC in b decays
s B° — 8° mixing

e Electroweak radiative corrections

Migp ~ 130£ 35 Gevic?

J. €111s,6.4. Fopll
and E. Lisi, PLB 292 {1382)




Studying Top at the SSC/LHC|

Strong motivations to study top at S5C and LHC
« CDF /DO will only have small top samples, e.9.
— ~ 500 e+, T events for 500 pb~land Mygp= 130 Gevyc?
— Measure mass to ~ 5 Gevyc?

« Intrinsically large L ¥ in pp Collisions

— Measure mass and branching ratios

— Measure couplings and cthes propertles

— Search for new physics

« Significant background to Higgs search
: -~ Hawtw— w dowhw-i

- Intrinsic S/N Is O(10~3)

s Top "tag” may be useful fessentlal in Higgs search

pp— H il

-,

- e L

[Top Production and Decay|

,; has been caiculated to order of by Nason et al.
(NP B303, 607 (1988)).

+..From ECFA 90-133 ¥al L)

w ¥ T r + T r * T r
pR(E} colisions, DRI xuviofp!
- e B ML ASHOOMEN)
meemeee LD ST NS
iw
i”w
gn'
i
" ’, o i

r‘ma‘.ammm-nmmmm-lm
Top Quark Masw ¥ {Ce¥]

» Uncertainties are order £30%. (NP B30B, 724 {1988))

Rates are enormous by Tevatron standards

55C 12 nb 1.2 x 107 per year 2
LHC 2nb 20x107 per year 10 Miop= 150 Gevy/c




The standard modei top decays vla charged current:
Varicus processes contribute to top production

» semi-leptonically:

gg—tl .
qq—v!i +
t — Wb
Wag—tb L. et ve
gb— W wt o BR=1/3
... from ECFA 9C-233 ¥o1 11 vt o
T T T p— dj
wd * : « hadronically:
-
— - wt
F 13 cd
s - {u BR=12/3
. Other modes are predicted in non-minimal models:
'dji .
nd e E.g., If a charged Higgs exists, then also couid have
;.-.——F t - + b
+ {:i
] ¢ T vr

R

K. Ragen & P. Tipton,
private coms.

w

Associated production is also Important for Higgs search

pp— Hit
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Top quark 'typicaliy produced with < Pr >o Mgy f2
e decay products are st moderate Pp

e and pseudorapidity |5 < 2.5

1 A L3
[ [
m 15 1000 i
(b} (a}

™

“-
00 -

20
u-

] v T T T q T T Y T
o E - | ] | 110 -+ <34 =13 td 3.

o From SDC-30, P. Sinerw st o,

Decay modes involving leptons are most pramising

» Reduces QCD backgrounds [ 8
UAal,

s Provides & signature for charged current decay UAZ
and

® Leptons are isolated and have Pr 2 20 Gew/c CDF

Primary backgrounds come from W -+ Jet production

| Detector Requirements]|

1. Identify isolated, moderate Pr leptons
s {2 30 — 40 GeV/fc} gives several Mz of leptons

* reguires fine segmentation (&R x Ad~ 0.05 x b.ns}

2. Reconstruct complex Jet topologles
& Cakwimeter resolution of
op ~0.TVE

e Hadron calorimeter segmentastion of ~ 0.1

3. Measure By reasonably weil

4. Tag b hadrons
* Use non-isclated leptons or displaced vertices
o Perhaps essential for {epton <4 jets channe!

. o Useful for background studies

- - B LTI P e e e a e p—




Lepton lsolation is an important tool to reduce back-
grounds

« Energy In cone of radius R= v/ &n? + B¢t =03 MC simulation of physlics and electronlcs pileup show

that isolaticn Is not seriously compromised

awef | ' | I (RN
. 10k (o) li » 22" -
3 " ~ .
a 20 ]
g wp -3
k4 5 = o from SDE-20
(] 2 —
' A e
200 f- | ! ]
100 (b} U = WaX —
3 2 =
(L
¥
(=]
s
L]
> E
L] |
N
2v (&) tb + B+X —
>
-
[} L}
s
S
£
-
%
frem SDC-32-201 « Somewhat more sensitive at LHC
(SDC Technical
- Design Repart) * Can use long shaping times for calosimeter seadout
S
- .
o
e -
2 _
1]

o] z5 -1 T 100 125 120
Transrerse energy in cone (GeY]




| Dilepton Channels]

A simiiar analysis for LHC illustrates cteanliness

* Require lepton Pr > 50 Gev/c
The £ uF chann -
u €l is the cleanest channel » 5" Er < 10 GeV in cone of R = 0.4 for both ieptons
* Rate Is equal to e¥2— and p+u— combined

s <15
¢ No Drsil-Yan backgrownds . . ylelds 3 x 10° events in f£dt = 104} cm~2
At SSC, requiring lepton Pr I T T 2
» o> 20 Gev/c w' . EUROET 3 '
E ‘f; =18 Ty E
* <25 Jpp—ileX ft—2+223 | ,
. L o 4" - ECFA-30- 133
yietds ~ 10% events per SSC year {1040cm=2) f TR eveavezpex L
m?-r,”lﬁ..I...‘I....Em" w' k- -310":.&
F . - [ R o
1 o = LT Y ) 1Y S Onrp i, N s 1 -
10 E- 3 1 g -eSOCg2-201 I o2, o ™l Jigt :_§.
= ] i o " F Tmies wml 3
) I 0 - . L [+ (eu)isol™ 1 .
u! 3 3 ﬁ w?l- + oo e 4! ‘B
E : ‘E - \ U_. §
™ + 108 5 - ]
3 3 ' w'l Jw?
|u-2 ezl ey " I P P lﬂs g 3
100 200 300 400 2] [ vesapexrs ]
R L quark mase [Ga¥V) 5 3 4[‘;]”7 ///%
Theoretical uncertalnty in o,;( M) ‘ 10 vseten Z ¥ bl
= OM,,, ~ 10 - 15 Gevfc? 0 . I:I:l z;o a:n 400

My [GeV]
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T TUeT TFT 1 yrel TS W Ty lm
| ! | I | |
Y r -1 10000 @2
R 15000 1 3 '% )
] 3 s
5o 1 &
& 10000 [— — 600 g
A more sensitive My measurement comes from se- ot L 1 o
quential dileptons . 3 [ — a0 &
: — . ]
+ - § 5000 7 a
t = Whb—pX & A -] 2000 B
+ b
[ -2 o
e R 7N L TP N R
. + . g 25 50 ¥5 100 125 150
Kentify VW — ety and b— 2~ X using isolation Mnas of e-p pair {GeV)
» Electron Pp > 20 Gevic
< M{ep) > sensitlve to Mip
+ TS Ep <4 GevIn R < D.2 around electyon
* Mucn Pp > 20 GeV/c 8 B8 ARy LARS MARAE RARRE
>
s Y E7 > 20 GevIn R < 0.4 around muon 2 ™ ]
% ]
« Pples) > 100 Gevic $ ¥ 3
t o = spe-g-m
-] 3
= 7 x 140* events per year 2 o =
. L E :
-] -
g » :
A
I S I U e
' S0 120 140 je0 a0
¢ 1 quark muss (GeV)
.
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|[Lepton 4 Jets]

The lepion 4 jets mode provides Inherently more rate

Uncertainty In My, dominated by systematic uncer- * an perform full reconstructlon
tainties ¢ Can directly measure Mg, and BR
. - P
2 < 9 b} :
Effect Myop {Gevfc<)
& quark fragmentation 1.5
t quark Pp 1.9
Statistics (1 year} 0.5
A”'“t""l""l""l""l’":
= F 3
g 525 -3 '
£ s00 E + i C-sz-zm * However, j#t combinatorics are a problem
o 2" ol + =
Fy s — 3 SSC and LHC groups have made extensive studies
5 0 =
+ 3 A that kinematical selection can reconstruct t
2 ok E + Agree that kine n o
E : . — Require isclated lepton with P2 40 Gev/c
E eIy —; = Require 3 jets with high Py cut
M P W T
409, 100 200 200 400 500

™ of 1 quark {CeV/c) 1 + More efficlently done using b quark tag
= Can expect to measure My to ~ 2 - 3 Gevic2
SDC approach takes advantage of b quark tagging

* Allows measurement 1o be done at low luminosity

+ Better control of systematics in wa measurement
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Selection requires

s Isolated lepton with Pr > 40 Gev/c

M{;3i) distributicn for non-b jets shows clear W

o Require 55 < M(§i) < 95 Gevycd

s >3 Jets (A= D05 cone used for clustering) ) Rl DM IMMAE I I
» Pr> 30 and || <25 for Jets . oooef- (8] My, 150 Go¥
. z : ]
+ One jet to be tagged as b quark {e ~30%} gﬂ? $000 [~ 1
v -
+ Pr> 200 GeV/e of 3-jat system = ]
2 yoo0 - ]
o -

‘5 9 ] S0C-52-203
[ T -
Resulting event rate for 1 S5C year is ;e —
¢ :.m%:u;{::—::la....
Nirop = 150 GeV Mo = 250 GeV 2800 1~ F -
o(H) 12 gb 1.5zh ¥ Jooob (5] Moy =250 Go¥ E
N 1.2 %100 1.5 x 107 by s k
Brancliug talio §/17 8f27 ] [ ]
Lepion 1D, geometric c.43 0.5 % H0 2 ~
Leplon 1D, isclation 0.85 0.85 : b ]
b jet, geomelric 0.51 0.%1 . S e 3
b jet tag 0.30 0.30 8 3
Nipi{3jet]) > 200 GeV e 158,000 - w00 -
Nip{Ejel)) > 300 GeV /e - 3400 . f | | ]

I ol I PR e
. 1] 50 LB 150G 20
.. 500-52-201 ‘ Two-jel invarianl mase (Ge¥, uncorrecled)
B
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_-t.rlrulw—[|--||:1—-—|l1rq-I-.

o]~ (8} My w150 Gov = Systematics in M,,, dominated by jet energy scales
. .
H [ ] 0.00 Fr Ty
] ] N AR RARSS mad sy
ta 3000 - — ]
o " ; . ) ]
i [ -0.0% — + -—
-4 2000 j L e Rl I .
o L - H P * ] s
Y 3 2 o ]
£ wouLL j E -0l 2 -
o . ] £ [ ¥ ]
3 ‘2' i J
oF i Ty Sy -
. [ (b) by, =250 Cov ] ' ]
3 w00~ ] Y7 SR R T P P
1 1 ° W IW e g0 s
Q . Monls—Carlo ok p, {Ga¥)
E LDOG -
x* 1 ® LUse MC to cosrect for ciustering effects, etc.
- 1 :
:l; goo = * Can calibrate low-energy jet scale using W sigral
5

+ b quark fragneentation

50 100 150 200 250 a3pg
_ Thres-jst invariant mass (Ge¥) ) 2 - 3GeV 2
a‘“ﬁﬂp o~ F - & ,"C

Thres Set ‘nvarisat mass ruiring tio Jets to form e
¥ candidate (selecting peak 1a previous plot).




[Top Branching Ratios]

Aithough e and y* decay modes are most accessible,
t—Tar bk

Is detectable using single-prong v — X decavs

. Observation of top in
Require
: \ it o Gevrelr w d ) pp—vei,u:': o« BR{t = evel) x BR(t — pyp b}
1 4 effrom e
« Isolated lepton with Pr> evfelfr ay oo — 5 oﬂBH(t-—‘hqh)z
s one Jet with Pp > 30 tagged as b hadron pp = pt + jets o BA(t— puub) x BR(t — ¢ §b)
— + 1 7
» isolated, charged track with Pr > 50 Gev/c pp e o Jete o« BR(t — eveb) x BR(t —~qFb)
pp— rEoF o BR{l — rve b} x BR(t — gqb}
REAAS Radas nashs LAALS RARAD RARES
2003 piin}>50 Ca¥ -
¥ . Mgy =150, MIH' w125 $0€-67-201 Allows measurement of relative BR's to 1 - 5%
Z 180 — =]
£ . ] + Limited by systematic uncertainty in efficlency
f [
= - -
E o 3 s Depends on isciatlon of lepton and physics models
3 ] 1
[
$ o
w -
n-h . L 1
00 o0z 04 08 CB 10 2

P(¥)/Er{cons}

= unceriainty in relative = rate is $ 5%




[Charged Higgs]

Heavy charged Higgs coupling to top is detectable

& May see it in BR{l — rX)/BR(t — efu X}

10w
0.500
o £.200
7 eloo
£ p.os0

0.002
oAl

=TT

TTTTTT

T rl:_-‘-‘l-(’)——'r"""'l
;’1 -"'- BR{H" +cs)

| BR(R" 1)/

L

[

sl

’
PP

sl

il 34y

Gl 0.2 0% 10 20 50100200 SO

tan g

Can also reconstruct it's 3-}jet final states in
pr—tT =~ WHo a5

o Follow same Jet reconstruction technique

» Cub on three-fet system to reducs combinatorics

» Require one b quark jet be tagged

SpC-~9i-201

Resuitlng A7 (55} distribution for My =125 Gev/c?is

Events/2 GaV/S5C yaar

Evania/2 Gav/S5C yaar
- s
. & § 8 8§ &,

441

EE%

8

ruliu-

lllllllllI

MR B B e

A () tan = 04

i
'
L}

N P P

[N R

-

R, Wl BN

-+

ll,llll'lil rl.lll'llli'l‘ AL 4

!
; Y
20 100 150

Two-jat invariant mags [Ga¥)

g

SDC-92-201




Ht s clearly detectable over a large range of tan a.

s Characterize signal as excess over background

* Plot statistical significance vs tan g

Signal signiticance (sigma)

Sigoal significance {zigma)

L)

[-1-]

490

T Y

TT Illrl|

Ny~ 150 Ga¥

M| 123

ol IV ST T

LN ALl e B
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’f
"
\"1
P T

#
~ S Ay

o

a8 to

50 10,0

tan &

2
o

T

T

|l(||lil

My~ 160 Ge¥

lang= 6.8

T PP PR PV T

L) 100
NIH') (Ge¥)
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[Associated Top Production]

pp— H 7 may be important for a light Higgs seargh’”
s The WW channel is closed and Z Z* Is rate-limited

® [} — v is largest potential rate
= QCD diphoton backgrounds are enormous

- »l"thlIlllT[l'il[‘ll'_'r
LR~ L

200 400 1] abh 1co0
Wiggs mnasa [GeY}

Tag ti system with Isolated, high P lepton
s Reduces QCD fake backgrounds to manageable level
* lsclation removes bf vy background

* No lenger need high-precision EM cakorimetry




“Reach” In 4y! X channel complements Z Z2*

Evenly, /0.5 GaV /S50 v

Evania/CaV/SEC year

e e

A

M I O

FrL U Rt oy e s -

B0 L] 120 140 164
Two—pholon inverisnl mass (Ge¥)

1—r]u1..I..--|-1‘1|..pv|—-||1||1

120 120 140 150 180 1
Four~lspton invarisol mess (Ce¥)

SDC-%2-201

| Background to Higgs Search)|

Extensive studies have looked at implications of “"heavy”
top to Higgs search

v Forcad to abandon “simph® # — WHWw— search

+ Requires substantially more sophisticated approach
= WW fusion process and forward Jet tagging
— stringent kingmatic cuts

Makes understanding t7 production and decay kine-
matics everr more important
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[Conciusions and Summary]|

SSC and LHC are inherent "top factorles” .
+ Dominate low and intermediate mass scale physics

s Mext generation "callbration™ signal

Measure My to ~2—3 GeV/c? in 1 year of operation
» Limited by systematics

» Could evantually reduce uncertainty to 1 Gev/c2(71)

Branching ratios measured to X 5% in 1 year
+ Test unlversality of couplings

» Sensitive to charged Higgs
Useful tag for tow mass Higgs (My S 100 GeV/c?)

Serious background to H — WHw-
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Interplay between Top
Decay and Fragmentation

Torbjorn Sjostrand
Theory Division, CERN
CH-1211 Geneva 23, Switzerland

Abstract

For a range of iop qnark muasses, the top decay time is comparabie o its

fragmentativn time. Under these circumatances, ibe particle produclion in-

* volving the original t end T may have time o ateet, undy 1o be ent short by

the Lop decays. Additional production invetves the 1 snet b qunarks created

in ibe decayn. We show that the tnpalogy of the produced particics im ete”

annililstion is change! an & fanclivn of the top liflime. As » cnnsequence,

. ) it conld be poesible Lo use experimental mamentmn meanutements Lo peohe

the space-tinie structure of the fup fisgmeniation sned decay proceases. By

conlesai, effccts are more smearerl oul o hwlrow eollisions, amd it dies not
seem these issnes will confuse b sencches and bop nass detenninations.

445




To P AP !:'i-ne

In f‘:rf!a.j bet’wcen 73‘-,, IF my> m emy dhen .
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Assume conﬁhcmenl" " :Jr-‘ns fa't}u"‘ ]
linear confratrmend with

S-!}Pl'n', .f'ﬂ-fl.ﬂﬂ “= | 6.”'/(.1

cniam?-'eni af mebian:

% a-y = pl)= ple)- ¥4

i—‘T‘ = v{l) R m ECE) = Efe)- Hx

AE = lop energy lal A ctring before
tep decay = avnilable for parlicle prod.

CAED » H.cx> = 2-,57?‘?&
[

e.q. it = 300 _Gcb‘l myx OO Gelt/ :
02 eV D .
- - 1 —r— ¥ & el
CAE> = | Gevffm 2 o1 cov .

(e ¢Fragn® = 2 CAED ~ 9 Gel/)

Fear 2tadie fop could write fragmenta dian Funcd,
0.9. Pelerson ot al o

i
2ot

fla) <

4
g~ Vmg = &/ ~ MY/
ne Q€0 radiabina g, 007
<AF > m [1~<u3)-E, =~ {1-6.9¢)-F,
€9. V5'=S00 eV = <AOE? m [0 Gel

. o, compare :
<AF> (fop stable ) ~ b FeV
<AE> [behivre ¢ iu-q:) ™~ 5 geV

= some, but not al, pardicle formatien
takes place before top cha"

T firet stups consdrucd !‘GJ mede!
l) wethou? GCB raddadien
2} with sewlleglenis decmy: to b5,

447




[

S ﬂ'nJ z‘npn?es ies

"1 s%rr.qn reenarie |

(.'f-nj-t‘.'mi' !lj “1 inetuda T fu-mll-‘onJ

in Lmid  my 3> R0 F+174 dlch: ateyr W-'J{r:
!‘*r.‘
1
aMoTE
Shfqb het
Ae? upiwards

me ¥ion

(1] . "
i :fr-'as FeEARF S

rnh'rnti.'o.l‘o sotuafan a..\'ta Pet.ﬁ‘ft:

Ve e \b"‘

"2 ‘E""‘J reenarie®

Fruﬂ men}ai‘-'o n Scheme

inforenctie
ﬁ’r ittq_’ A an

i I'D’ Jccaj
Ao ofr
lc:r'lrn:?f'ﬂ

3
ve riea ‘[

{) ferm hadrens as if P and Y Py ¥

2} selecz T Rr # and 7
> reconséruct dteej verlices
ww define forward f-}lfc&ne:

3) if hadren farmatian verfex ned ia
ter ¥ u’ccuj ferwerd l.‘,lf:ane
=5 "eaw.‘.,' par?‘-’ei! - unaffected

4) sther Ipnr!‘-’eh: tede" =2 nof formed
= rermove , shre energy Jn effechive

3 fj‘ fow HPCE) tad af Awme ot ‘!m&

.S) de +24 (f=1F) d’zcmj_

C) sf'n'nj rroj-\en}il.ffan f+§ ff-fa)




é_*g" events without @CP pmdadion . | R drl'l'l”s dictecbutions ; 'ur): . ve. Ynde”

sﬂ-uJJ eva’ 5 T 4F Vi's 500 Ge v, ¥ z
ae QCY  eor FED radiation  [we re e 3} % > e -7
. ) . rean A ) )
guanhily Mt my 0 myei20 - fxdu -ﬂi_-j f:o; ‘ﬁt:rﬁ:J“"J n sfving
! I {Gev) 0.£23 H.0%2 0.22 ”Cﬂn’h‘ 2 preduced beforw }.’ d‘dl:qa,
? Rt (Eal) 5.5 2.0 8.1 late® 2 produced ofier by JGCQJJ-. AMoT duced
. e
Lect> {GaV) 2.5 (<14 Lze PS
L TIPS €. 45 &I 5.5% 30: M - 100 S
< fearly ? isz2 LB a2 :4 :
A pe (m? TV o.92 .33 3.0 os E early
. - - s B
Prob{3 string) 7Y A 9% o b lede
: oy 4
’ Prbll J?r.'q:,s Phi(a I Aadran fopwed Lvﬁrc 0.; N .
t end T de J ) -4 -4 o+ @
cays l o [
Ia r.l'hw-‘nd: fu m
- M= 120 Gel w500
Compare dhe 3-3&-13 eventds wrdd or F ?“‘ GeV
3 [ ] I "
tquivalend rumder of f-tl‘h’n" evenls E E n a"r 1
s & C0 chowere
currently no ’bﬁmj avan s = ad Al mix s b
) o B
o1 |
. N o &
LT ' Fig 1 ¥ i

{ ' ™ M 200 Cell M crosSover

449




| hr.'Jn'fs dighrcbubons ¢ 1-.1-}».-..3 Ve, f—n‘ra'nj
H ) )

e ey — P arrs

chafst frnal shale )oare"-cfns

mos? Fina! clade pordicie from & decays
-y P2 g Ve 3 Co
t) mierevertex info rmalion L

2 ﬁ. cuh
3J' y culs (afler j‘tf 'ﬁ'l"ﬂg)

Jet?!ﬂ"fﬂj

‘m=llﬂtj

8 decay .fﬂfutl'l
all Pan‘.’c(n removed
%., C Toshrm] 2

n/iy

ﬂsn‘:ﬂnlﬂtﬂ

-

i

°

-
i
o

rig- 20 7 Piy. 20
Towm = S08 &GV
my s 100 GeV

nd f. BT
.-
Joome BCD shawers

Po. r*r’ ele Jf:?ru’bu 3‘-’.-\ in even ? p)on ]

R P

Lbﬂfd!f planar evenfs wth
b oand b o-\ sowme e

ald chp;d ’..-F-'elu [ 4 ’r.‘utﬂ'l re g v ed
my s 00 Gel _ . = lod

-3 ]
o 3e thete e 34
8 rr.-luc?r remeved B products remsved
oy 290 Gl mpe 26 Gelf
Ecm = 5S¢0 Gel
ne /.8 F.

no €D showers




Vi

Paviicle J!:h:lull:"a arsund evepad ears

xF ?E’: |
T Vi V
n..

cent der charsell' fnvfn'c?t.l Wt h fjﬂ'<f
» pick ou/ fejl'en of targe sﬂr:n_, elecée

all cll.n_rad rﬂ"""d. £ rfﬂd'ntﬁ eroved'

9.4

o

i v

3 1.8

; 12

2 ol
o

Ml_tloo GeV na A7
E"—‘:m Lelt ne QCﬂ S'le‘fs

- admindere wmeaguremen ¢

w2 ¢ lifebime measurement
{ but rrcc.-"ﬂ'an feu:y]

451

Gluen em.esen effectt

5 S?}—n-%% 3
' 3 3

I« [ M2 by)e AT Tg)s Ao i) AEE]
o~ —— -y
= 3F 4+ 2b + 15 4+ interdference
20 when Mt

cem’!ft‘e_lfnrmufae n Hmrd a4

€. Jikia, Phys LeR E2ST {11et) 1%

V. A. Ehore, W. T 5 -:‘Ira’-'u_, , Lt Orr,
PTP/AZ]IY ond UCD-12-08

mce Prescrayr‘-‘m . subdvide in bwo ferme

tMt)2 = £, (p ,pritg + fulpa, P75, A PE; 13)
> LY v——/

"e u-‘;!i:ﬁ off o issom off WE"

alé |: { - Y - gt + Tepr
(npa?  Geppy?  (Perplerry)

alh 2 f - — 'ﬂf: — i
(ﬁﬁ}"'"‘!r? fﬁ.‘fs‘zq-n:r’f

. 2{pp3) [z o)pimde ~03)
{fﬂ a)if hqg-p.! ) '[frl' ?J)z" "";'-F'a_!'_}




Radia ton -+ fra_jnenl'-f.-'en :clhcrl!

1} Allow emigeion ofF E T ¢
f‘Eg!?ﬂﬁlV} v h ?:JMOM
E, p contervation by bees?+ ruen?-'nJ

. 7_/ Frqjm!ﬂ.! fs ...ﬂr .ﬂ:ﬁnj
ass htn'na ? code wed e J-,"‘Ill -huj . .-J-.'-l_-r

1) Seleet T and do fep u'tca_y:

‘f) Remove "lofe’ Pnfﬁ’:f‘f!‘ ;
here use Simpler pielure than bafore :
a) astumse QE ’P.Jutf-'on verfces
af fixed Pme 1} z € rf"j""‘ >
b iaglude mast mp prad verfeas £ Hfav hadren)
r.) M - T -P‘.’/m
d) cores el Credwce] for Fra:m. ] ca-puut‘

§) Allaw, emission oF b b ¢
Vs Eggto, minlmy, mp)>6 G
up fo 20 3"“""‘1 subduided by Ji'de
E p conservalion in (2 F) rec? Frame

‘] Fr —y nJ b v 5 — E }-','.-
5 Pyt BS 3§ {E)-a9) o

MNode 1: we»0.25, as i3t erd xg al PeTEA) PEP
Nete 2: s mlo™  sheuld be reduced #s
i~ 7 han full QC0 rodatian
(scd:na yp Frem s
NMede D2 1-s Fn‘nj: att radiadion dekera fmﬁ.m.

T

[a.r;d'.'ﬁj l'l'lt}rﬂuffﬂ‘ll : .“"{5- ve “late”

T ¢

— — B AR{L

privanry arteles ’nJuClJ wn 2hria

excla J.'n.; top hadrens 3

'Mrij.- rnJu:n‘ bafore dop decays

“lale" = 'f'.‘ou ofler hr ‘lﬂ:l‘ = ABT prodycad

§|.4 = As rad,
wa Bk
l =
. ¥
:: E fnde
o2 F
D_' -4 L] 4
§1_4 = rad J‘ h;
(PN
1 =
o8 B
:: : fR
02
] o ; L
-& -4 [} +

B = S60 LV

o

TN LN
€0, radiatian jubdivieien all. 2

P




- Par ticle distribulion in svend F!lmg

b /L x
avidita distechubons : 3eghe . Jeater I [}9
Rapid f:, disie ng s fring V2 '"l",'ﬂ | \ 1 ¢ -2

""“'j“’- final clale particles wonsider plancr evends with 5§ ¢ same side
ti\ﬂfj‘J foal shute F-rf-'ciﬂ‘ ned Fre E'E

lt ',,J;‘i“ , ne rod, ali p-ffa'dn, w.th rud
s read rad off 'R

&1 +3F -
$ H i ‘
- L3 g [ ]
3 sE .
: El 3
3 '
o o b . |
-8 o -2 a 2
thats:
¥13 $:z F T fof_red
i Fod § * i ‘
24 24 F }' 3
2 : F 4
e .8 [ 3
12 12 F
os s B ?
, o as | 1
L 3 °.s N 9
a. Bem =500 GV -
T my a0 GeV Eem = $06 Galf ' :
ne b me » 190 i .
. p .'Jn."" LU 8
9 radinbion subdivision ol 2 T2 07
ALY ratiepm Subdive B y ACD rediahva fubdivisiaa ot 2

453




srn bk S ¢ 2

Ry SENCPYNT T

Partele distribudon around event fuu.'r
L TN
;\ 1 /Pan o '/5

char3¢J f-‘mi :h:r f:“p;r::zfes i re?e [ylet

$=f
.4

2
14 P

ne  rod.

& _2é

fn.{ .

- i'l’"r,'”j

B 500 GV
= g H‘ =100 Gel P{J"Sh’.‘ﬁ) = 72 ?a Ut’?'lu;?
ne {sr . - J2t
ié'- 1o=% acp md K 3T
QCD md w2

454

Pavhe 1_2 digtribebon arsund (wenl’ axds
as }"F"""-; GSC!p? i;:!n"

C'\lfsd foarsd sghade 'n'rfa'c.Zﬂ' i range ’jl‘l

ned from 88

rod, off X

: - "‘ﬂ'r.*nj

o
E.pu= 500 CoV e
_l{ﬂ-,}.; Y= S¢R wilhim
- ’° “:‘ &Y 3 - v dh
1 ":;-'-s Geo rad A BT
*’
Qcp rad WL 2




Paviiele J"!’ﬂ"‘u’f..a arevnd evgn? oy
as h.'.&:rt, exce)p(" D cadiafiow al? |

charged final skole pevhicles ia ronge fyf‘f

et Frim ‘,f
16 rad rod _off 'Rl
i el 1
¥ -3 .
1 3:—: f—r? . 3!‘ s ri#}flﬁj
" s E .
1; nJ 2 3‘3?&‘:
: :: 3'!}"1’5 ::
j " “ 1 | B PR e |
; 9 -] [] 2 .‘h ° - 1 2 'E_
r&J. trf hr fult mJ
i.u
g_&z
5:": - l-.sbh\j
2
8 .
1.2 3”;’"&
o
o t )
~nn 1 nnnnnn
i T w580 GeV )
EI:‘: = joo CaV , H{Z“!""!J‘l“ ?'3/5 widhead
ne [ &r. = ¥2% nv_.'H
gg =Y QLY wad oF 1,¢
? GLD redictan ald !

455

Pﬂf"e’e?l’ diztribution arcund eveal axir
7% 9 Lefﬂrfr l:ce}u‘ M! =20 el

charged Fraa}] shate parlicles ;n range Iylel
? na? from B B 9t 7

ns  red.

dn/{phi)

sin/a(phi}

B = §00 LoV

my = 206V | M(2-strieale 3C A vithat
ne IS, . =36% with
S = 0¥ GCD rad off A F

Qco rod &ll 2




Pacticle dishribudin arcund even? axie
s befooe excep? E. miCC GeV ond mgz 26 Kol

cherged final shate pardicles i rarge fyl"-"

ne? frem &,

?3 rod, oFt 47
b ¥ |

N

ng  red.

E.. =000 GeU

P'{g's}ﬁﬁJ - 5',76! i Moy b

camy = 120 feV .
ne i.ar = drp ot
R TLED rad e LR
F - !&"'f
GLO rad alt 2

456

1 PreJuct‘.-'nn in pp olucnﬁ'

Wauld hr Jteaj fimegcale affec ?
sevent hpofos‘,. eq ! mass delarminations
(nnJ hence i!nrc}l r?nh‘?-‘e:} ?

Tj F.’:o.? Produ chion 3 :ﬁ t
Jrn pl\ H j -i'

V . :
] T:‘-.-.‘( skrins

steing hpelegj Rt
rrg_-@‘. e A P remn,
sm,—:»“.:,\Li Nabres

Vepible scenarios:

()} 4 Ffajmtn& fircl , fhen decays
"‘\vr

T

in principle, T mass cen le recensirucied

2) ¢ deacays fresd, fhen b F"tﬂm(ﬂ(l-s

-

-
‘ jrﬂ"fﬁ viLr g i
¢ =p "\[C(’ 2 =p
L1 l"m-;.

ne concapl f crsarved mass in (-.\7....




—

2 macs recoastruchon

axample | Pr sd Vil 0L Gel/

cf, ¢ ﬁ-qsneu!nf-"-n beferefafler ¢ decoy

in 3 rcenary e

P ne QCO rad., miaimal wunderiying eveal

2) Fiaal stafe red oft F44 {}nrr’an shewers),
ne inidia) ahite rad, miaimel waderlying evert

1) inibial snef fland ctale rlJ-) maximad wad pri

Tweo reconsfructions
a} - bl
« ausSume p, = Prapy, conur..‘fj Ansun I{'J
o clusder  jeds wilh R< 6.7 ond E 3/0 Gav
o sk ol 52 highedd-p el
e cembine with "bert" Poy = .ﬁ'l.;'" (fn#*‘,‘wjz
B ¢ bjs J-‘!l z
s tluster j'l.tls woth Re8.7 and
. leck at aht 1-}'!1‘! com bina bis s
""}"‘I"h’ (f’jl 'I'F.f‘t*fj':}z
. hel a? ombinadin with mass chksed oy

E > v

457

Chargad mulbiphieily dislokahda
PP #¥2 al &xcC et .
- lu!y:t ff—pfjui} g 2 1L el
-.;ha-'_:JeJ .v\u'T'-.'f}-'::Fj of whele erend

3) fral o, rody weuad gud,

1) re rad, wa und evf

?‘112 3 Foa k
gm E 1
¥ 3 x
wii

F 00¢ &
os |

] a ala Ml P PR T '] e I-...I-x..;.A,
T ¢ 40 8 120 ¢
¢ w ; 10 10 L .

-— =} Fr-\!n:nh,
. T Jlﬂs!
- - f‘ dﬂ:ﬂﬂ.:"

b rrnsucnl’s

0 W M N l“"(l"]'

B i L




W-i'jl? melt distribudion

p3 - 1A al Jolw=i%CC et
tabdy, (i ELs,), vy =120 Lol
Jof finding R<AT7 and E >0 Gev

i} ae rod, avia. und avd.

2) Fimald £ rad, i, und. euf

i‘o.is - ‘!?_n.u 3
$oas F Ry
Fore
z*"' 10@ 3
o1 008 |
008 3
.08 .04
ot 002
.02 3

wa 110 120 ’i_h-'n oo 10 130

1) inibialafinal 2l. redy Moz uad od

-

— 'fﬂlsannh,

§ T df.us:
vos |
E - = ¢ ‘zc&u:,
004
3 b fns ments
0o
Yoo -11@ 10 'ﬁ!ﬁi-h“
. <mwj? (Gel)
- f rr-j-. ? d‘engl
i Nl 7% H2 0273
2 [7.0 225 1¢.¢ £ &1
3 1t &10.Y NS¢ 2102

LS P

458

W et mass disdribution
FP > VIX al O = 1266 Gev
b biy, {E-> E.Ev_c), M, = 10 Gt

fE‘.l‘ .r:ﬁdl;:\1 BzA7 aad E‘>fﬂ gt/
1) ae rad, mia, und. ev? 2) final shate rady wa. wnd eol,

12 B E
?u,t 0.08
ol
obs B 00 :
20 F !
Q

m{W+jat))

&%

| '] .
120 130 140 ‘ﬁiﬁt:}“ 0 130 140 1#!1%“:)“‘

] .-i.'..h#...! gj‘ rod. s . “?.

— o } Fvajaun"’,
T 1'48.‘!53‘
- u } decays,

b Fna raanfs
‘MwJ > (&U)
4 {"ﬁ”' ¢ Jemﬂa
! 134.24 8.3 138,045.3
2 13496 2 10.¢ 1120202
3 1181 #2115 2280

e

e

RSP TR L S IR T SRS 1 T




Charg od Ml 1'.'? fr’c-”y diePeid uition J!f - jﬂ' - J'ed' mary d&xlridudian

PP = X al usT= 1800 dev PP dIX ot B =000 GeV
ne censtraints an # dtcn_.‘ e g tablW with WLy and gi’
My = 1720 Lel’ . ' Mmyw (20 GeV :
:?Eé mut biplics by ‘:‘”l":e ;"'E'"l ot dof Cnding Re0.7 and £, > &V
LM Y : X il .
Yoo rediminundach  Ylieal Sow ¢ 1 ao rad, min. und v 2) fual state pod min. ud ol
%:m E r" Sore o F 3
Ladl 0.04 * A 1
3ok ¥ 2 Foa b
E:.ot 3 za.u 7 ) Fooe
o F d 0.0 o
P 9V TP T P o T 0.2 o
o 0 12 e o 0 %  eny Iy o o Lo

120 0 200
mijl +j2#3)
: J}in-‘ﬁi!{-ﬁm? 'y rui,lnr.ml.nl‘-

nJ}:'a:?m!f Einal 63, rody sz, und. evi

e l‘ ;ran!n;.i’ L

— E ;fl P h
T chuﬂ.! T “3‘5; ‘
b —r Jccqgth ———- ) decays
oo b fu,ncn b fra -~
| ’ jwln?s
L T T O,
g | ‘"f'*’
¢ ’FMSM. ¢ "f‘"js
[ ¥ £0 45¢
2 4.7 1.7?
3 S.63 S.é0

459




SIAM Md.fj

infe nrﬁ‘n, cresgover regiom

tﬁ-.:... enita Nen ~ }ilclj

in ete” pnder controlled cend FinS
seve=al ariables Show sEme Jerudmce_,
¢ few large J!’e-tJ!-\tl «n ECEAQFE !

ualgue way £y mearure 2 lifetime 7

QLD emisSien e-n;f-'cain P.‘:?urt,

hove net ye? fult und‘eu-hud.'.j 8 mare .-orl,

bud nl”n'n’ l'lufu’ea”j news

net 10 i-part‘-nf in PP

~ discovery (don?r'-.f nncﬁanjaJ
- im & 0.5 GV '
same for standard ate” {7)




ouiRnlinina, .

Ry -

461

Top at Threshold in e*e- Collisions®
Theory

Jobann Kithn
Institut flar Theoretische Teilchenphysik
Universitit Karlarghe
D-1500 Kazlsruhe 1, Germany

Abstzract

L Thearetical wﬁmm for l.c;p nark pxidi:.ﬁnlin :tlh]: :{hr:bn!d
region are presented. interpla WeeD lasge widt the top
qwkudthqcnmwnﬁdmdﬁsdeummmduwmmn
reviewed. It it shown that the resonance region and the region of open
iop production can be conzected in a manner. The sensitivity
of the croes section to m: and o is emphasized. The impact of electro-
weak radiative corrections and the production cross section is stufied.
It is shown that the effect of Higgs exchange can be Lreated in pertarba-
tion theory if it mass is above =50 GeV and the relation between per-
turbative ireatment and the Yokawa polential is presented.

II. The momentom distribution of top quarks is evaloated by solving
the Lippman-Schwinger equation in momentum space. The e
ofthepgm:fnn:ﬁon oa my, 'y, and Epega it explored.

HI. The dependence of the width of the top quark on bound siate
effects is discussed. Important ingredients are ihe reduction of phase
space, Dnal rate interaction, and tume dilation.

IV. Predictions for top production at s "Compion collider” are pre-

sented. The inlluence of resonances, pertarbative QCD corrections and
of laser and eleciron beam polarisation is explored.

*Work in part supporied by BMPT Project Nr. 055KAPMP1.
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Probing the Top-Quark
Mass-Generating Mechanism

S. Willenbrock
Brookhaven National Laboratory
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Top at Threshold in ete~ Collisions
— Experiments —

Kesnuke FUINT

Bitnet: TKSFOJPNKEKTR
National Laboratory for High Enesgy Physics (KEK)
Taukuba 305, Japan

ABSTRACT

We deacxibe experimental aspects of top physics at future e¥¢™ linear collidera,
focusing on the #7 threshold, Detailed studies of both the total and the differeatial
crossections provide us with opportunities for precision determinations of various
parameters of the standard model.
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1 Top, Its New Features

An has been shown in the previous talks[1], the top quark js expicted in the mass
range: .

mw < mg S my S 200 GeV, (1)

which implies the following. i) The top is certainly in & 0.5 TeV licear collider™s
reach. i) There is a chance to see the top Yukawa interaction. iii) The top
decays directly into bW, which essentially saturates the branching fraction in
the standard model and is dominant in most of its extensions. Therefore, the
identification of the top quark is easy. iv) The dominance of the § — W mode
leads to & Jarge top width as shown in Fig.l. For instance, the width is about
1 GeV for my = 150 GeV and becomes as Jarge as 2.5 GeV for m, = 200 GeV.
This Iarge width originates from the ¢ — bW decay (the dashed curve in Fig.1,
which grows as m$. In this sense, the heavy top is & longitudinal W factory.

The most important new feature is probably this karge top width ihat makes
the top physics at future linear colliders unique. As pointed out by FADIN and
KHOZE[?] in their pioneering paper, the large top width acts as an infrared cutoff
{the top decays before entering the non-perturbative regeme), which allows us 2
reliable cross section estimate based on perfurbative QCD. Therefare, we can
perform a clean test of QCD at the #f threshold. More importantly, since we can
calenlate QUD contribution. unambignously, other tiny effects such as the Higga
exchange contribation is extractable Since the heavy top quark decays before
enteting the non-perturbative regeme, there will be no i-hadron formation. This
means that we can measure the top polarization. This ynique feature will be
discussed by BURKE ia the next talk.

In ete™ colliions, we can exploit the foliowing processes to produce top
quarks: i} ete — tf, ii) e¥em — H12[3), §ii) e*e™ = HH[4], and iv) e —
»#ti]5]. The tree-level production cross sections for these processes are shows in
Fig2 for m; = 100,150, and 200 GeV. At low energies, process (i} ia dom-
insnt (> 5k events are expected for an integrated luminosity of 10 fb~7 at
va = 0.5 TeV), while at higher energies the remaining processes become of
interest (see Fig.3 for phywica zelevant 1o each of these processes). Since the top
phyeica at higher energies will be covered by the next talk, we wili concentrate
an the ¢ threshold.

2 ,}_Formulation and Physics Involved

2.i Threshold Correction

In the threshold region, the ¢ and  quarks are slow and stay close to each other for
relatively long time, theteby allowing reultiple exchange of gluona (xnd Higgses,

if its Light). This gives rise to a threshold correction, which can be expressed as
the sum of ladder diagrama, to the tree-level amplitude for the e*e~ — i process
{see Fig4). The sum of the ladder diagrams corresponds to the 7 potential
which is determined by the QCD coupling(a,), the Higgs mass(my), ané the
oormalized top Yukawa coupling{fix = gun/gen(5M)). The mass and the width
of the top quark enter the t and { propagators. As stressed earier, the large
top width thus cuts off the {adders and, therefore, makes irrelevant the long-
range part of the & potential. The threshold correction, denoted by [' in Fig.4,
can thus be relisbly calculated snd provides us with a powerful tool to extract
various physics involved in 3. The threshold correction factor is proportional to
the Green's function defined by

_ G(pi E) = {p|G|¥ =), )
where (7 satizfies the Schrodinger equation
i
(H—E—EI‘.;)Gzl. (3)
H i the Hamiltonian given by
HeP vir ®
=E+ g{f],
E the energy measured from the threshold (E = /3 — 2m,), and g is the
toponium width.

The dominant correction comes from the S-wave contributions which modify
the vector part of the £ty and 8 Z vertices. FADIN and KHOZE[?) were the firat

. to calculate the S-wave contributions to the total  cross section, with the belp of

the optical theorem. STRASSLER and PESKRN{S] then refived their results, by
uning a realistic QCD potentinl. SUMING, FUJIL, HAGIWARA, MURAYAMA,
snd NG[7] extended their method to the calculation of differential cross sections,
which netessitates the introduction of & running toponium width to preserve the
unitarity relation.

On the other hand, the axial vector coupling, which is absent in the zeroth
order approximation, comes from the P-wave contribulions and appears as an
O{8) correction to the differential cross section through the S-P interference,
where 7 is the velocity of the top quazk. SUMIND and MURAYAMA(B] calcu-
lsted this effect and pointed out that it produces an observable forward-backward

asyImesry.

]

2.2 Inclusion of Initial State Radiation

it is well known that the initial state radiation has to be properly takea into
scoount in the vicinity of a resonance state. We inculde this by copvoluting the
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differential cross section without the initial state radiation (doy) with the radiator
function introduced in reference|S}:

B S I PR

where
i= a-(l-3)

b = 22 (gl -1). G

The fine siructure constant &g is taken to be 1/137 bere, since the relevant energy
scale is of low energy. We will examine how this affects the 1otal and differential
crom sections later.

3 Theoretical Expectations

In this section, we examine the theoretical expectations derived from the for-
mulation presented above. We asyume, in what follows, m, = 150 GeV, which
mu;hlymmdshthemrmthuluﬁmﬂehmthepmc‘siondec&mﬂak
measurements|1].

3.1 Total Cross Section

hthetopmmrm;edourintmt,lhewidthufthemi:dmtut—
un!adbythelinglequukdeuy{rgz!l‘,).»thut.beothudcuymdu
involving £1 aonibilations are pegligible. The total tf cross section in the threah-
old region thus involves the following parameters:

”I!'(VG"“II rllal(m3}1m51 ﬂ.ﬂ'} (7]
Figs.5-a} to -d) demonstrates the dependences of the threshold shape on these

As shown in Fig.5-2) the first 5-wave peak position shifts downward, while the
peak itsel iz enbanced, when a, incesses. This is because, when the potential
becomes deeper, the binding energy and the wave function at the origin ab
become targer. We expect, therefore, & positive correlation between m, and o,
when the pesk position is fixed.

. 05 the other hand, the correlation between m, and the top width {F,) is small
a9 seen in Fig.5-b). When the width becomes narrower, the peak height increnses,
while the tail part decreases. Notice that in Fig.5-b), {Va|?® is defined by

|Vﬂ-|= = Ps."r t(SH : IVuT‘ =1), (8)

and can be greater than unily when there is some additional decay modes such
ax b — ¥ or t — £X° or both.
The moet intevesting is the Higgs effects. Since this effect ia given in the first
appeoximation by an attractive Yukawa potential[10]
g

Vatry = R gam ®

r

the Higgs-exchange contribation is expected to be large for smaller my and larger
Bg. Notice that the range of this potentisl is conteoiled by the Higgs mass (my)
and i short compared to the QCD potentisl Therefore, the Yukawa potential
doea not change the rescoance position very mmch, but makes the wave function at
the origin significantly larger, thereby making the croes section larger everywhere
in the threshold region. Figs.5-c] and -d) demonstrate this as the dependencea
on my and Sy, respectively.

3.2 Momentum Distribution

The total cross section is proporticnal to the imaginary part of the coordinate
space Green's function at the origin:

aﬂulm{rzﬂlalr’-ﬂ), (£0)

while the diffsrential cross section is proportional to the square of the momentum
space Green's function: :

do

F~RalLALELH o)
Therefore, it is expected that the measarement of the momentum distribution of
the top quark provides additional infermation. Unfortunately, the Higes exchange
potuﬁd,bén;dnhnﬁrm;e.duamtchm;elheahlpedthedistﬁhution
siginificantly. On the other haod, the change in the top width or the strong
coupling constant induces & measurable effect on the momentum distribution.

Fig.6-2) shows how the mamentum distribution changes with @, at the #
threshold (E = 0). The peak momentum incresses with a,. This behavior is
expecied from the virial theorern which predicts that the average top momentum
is roughly given by mya,. Notice that the correlation between m, and o, is
oppotite bere to that of the threshold thape measurement. This suggests the
pomibility of precision simultaneous determinations of m, and a,.

The dependence on the top width is showm in Fig.6-b), whese the pesk shifts
toward the bigher momentum side, when the top width gets larger. This is
because, when the width grows, the iop decays at shorter distance where the if
potential is decper.
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3.3 Forward-Backward Asymmetry

So far, we have been concentrating on the S-wave coatributions to the Green's
function, since the P-wave contributions to the total cross sectior and the mo-
meptum distribution are of 0{3%) and, therefore, can be ignored. The P-wave
contribotions, however, may produce a measurable forward-backward asymme-

try through the §-P interference as an ({f) correction to the differential cross

section.

Fig.T illustrates the locations of the §- and P-wave resonances. The fist S-
wave resonance (15) stands alone but the second {25) and higher (rS :n > 2)
S.wave resonances are accompanied by P-wave rescnances. When the # potential
is exactly Coulombic, the 5- and P-wave resonances are exactly mass-degenerate
for n > 1. 1o the case of & realistic QCD potential, the P-wave states, which feel
the longer-distance part of the # potential compared to the S-wave siates, acquire
larger binding energies and have slightly lower masses, In any case, when we sit
at the 1.5 peak, the $-P interference must vanish, if the level splitting between
the 15 and the 25 dates is much larger than the widtha of the resonances. The
level splitting is determined by a,, while the onjium widths are controlled by the
top width. Therefore, we expect ihat the messurement of the forward-backward
ssymametry of the top quark reronstructed from the 3 final state allows us to
extract additional information on the top width and the strong coupling constant.

Fig.8-a) shows the forward-backward ssymmetry at the 15 peak as a Function
of E{x /3~-2m,) for a,{mz) = 0.11,0.12, and 0.13. As expecied, the asymmetry
gets larger when o, decresases, though the difference is rather small.

Fig.8-b} on the other hand, demonstrates the sensitivity to the top width,
The asymmetry is enhanced, ax the top width grows, since the S-F overlapping
becomes more significant.

4 Real Life Experiments

Ia this secticn, we consider how to carry out the measurements discussed above
in real ife experiments. For this purpose, we will firat examijne how heam energy
spread and beamatrahluag modify the ideal distributions presented above. Then,
we describe the Monte Carlo event generator, necessary for the subsequent siud-
jes. A brief discusvion on the event selection follows this. The selected events
are then used to siralate the measurements of the ictal and the diferential crous
sections in a realistic environment.

- T

“

4.1 Beam Effects

Fig.9-a) shows an example of effective ceater-of-mass energy distribution in the
presence of beam energy spread and beamstrahlung(l1]. The aharp pesk at
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+#571/+/% = 1 {the &-function part) corresponds to the no beamstrahlung case,
while the long tail downwards is due to beamatrablung photons. What we observe
in real life experimenta is the convolution of this effective /3 distribution with the
jdeal distributions in the previous section. Since the effect of the beamstrahlung
is expecied to be woilar to that of the initial state radistion, we will examine
bow the distributions change in three steps: i) no initial state radiation (ISR)
axnd no beam effects, ii) with the ISR but without the beam effecta, aad 8i) with
both of the ISR and the beam effects.

Fig.9-b) shows this for the total cross section. We can see that the ISR reduces
the obeervable crows section significantly, though the 1.5 peak is still visible. The
beam effects, the bearn enesgy spread in particulas, sroear out the 15 peak. The
main effect of the beamstrahlyng js, in this case, & loss of usable luminosity.

Fig.9-c) is for the momentum distribution, where we can see that the peak
position is quite stable agninst the ISR and ke beam effects, in spite of Lhe
siguificant change in the Jower momentum region.

The forward-backward asymmetry at the LS peak is insensitive to the ISR
effect and, therefore, should abo be insenmitive to the beamsirahlung effect. The
beam epergy spread s the one that affects the asymmetry at the LS pesk siginif-
icantly (see Fig.9-d}).

Since we have learned that the beam energy apread is the major problem with
our planned precision measurements, we should also be aware of the effects of the
structure inside the S-function part. In crder to see the effects more clearly, we
rwitch off the beamsteahlung here and examine how the threshold shape changes
with the beam energy spread for two linds of spectrs, flat-top and double-peak
which is more realistic. Fig.10-a) is the dlowup of the Sfunction part for these
iwo spectra with various beam energy widths and Fig.10-b) is the corresponding
threshold shape. We can see thal, when the beam epergy spread is greater than
0.4 %, the structure inside the &function part affects the threshod shape.

The effecis of the beam effects can be summarized as follows. i) The beam-
strahlung reduces the waable luminosity in the threshold region. In other words,
the usable part is essentially restricted to the §-function part. Therefore, we need
to know the height of the §function part accurately for precision measurements,
ii) The beam energy spread is the major source of the peak smearing. Whea
the energy spread is less than 0.4 %, however, the threshold shape in practically
independent of the structure inside the §-function pact. If we cannot achieve such
& parrow band beam, we need to measure the speactrum inside the §-function part
with a high enegy resclution.

MILLER proposed & method for the differential luminosity measurement]{12].
His method consists of two steps, Ip the first step, we messure undistorted beam
energies of electrons and positrons separately. The experience at SLC suggest2
that the precision obtainable at this siage is 1/2500. In the second step, we look
at Bhabha events and measure scollinearity. Using the undistoried beam energy
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distributions and the acollineasity angle distzibution, we estimate the effective
center of mass enezgy distribution. According to his analysis, a precision better
than 11000 can be expected. T

4.2 Monte Carlo Event Generation

Bdonmﬁn;mwmtsduﬁm,itkuleﬁﬂwmha{ewwmmumthe
Monte Carlo event generation. When the top width exceeds & typical hadroniza-
tion scale, there will be no ¢-hadron formation[i3). Then the polarization infor-
mation of parent top quarks js transfered to decay deughters which give rise to
angular correlations in the final state particles. In order to take proper account of
this effact, we should use the fuil helicity amplitudes. As for the color peutraliza-
ticn, we assume that the color flux is spanned between 5 and 3 quarks. Since we
uegoingtomnstmcttopqurhbyjetinnﬁmtmmhod,it is alsc impor-
tant to consider gluon emissions from & or b quarks us well as those from W decay
daughters. The point here is the energy scale to be used for the parton show-
ering from & or b quarks. We should not, for instance, 3¢t Quae = (P4 + B3P,
but.,iudu.d,nhmldmﬂmsm—ﬂmuinatheglumuniwimilmntmﬂed
by the acceleration the b or b quarks receive when their parent ¢ or 1 quarks
decay{14]. Comsequently, the 4momestum adjustments after parton showering
should be made within the 3W systerms. The gluon emissions from t or ¥ quarks,
which are not inculded bere could modify the event shape. We assume, however,
that there will be ne soft-gluous from ¢ or f quarks, again because of the lacge
top width acting as an infrared cutoff. Therefore its effect on the event selection
eﬁcimcywem;ningtadhcuuintheﬁnﬂwingmboedionwi]]beﬂ[u.}. It is
also essential to incude initial state radiations as well as beam energy spread and
buu:klhlung,lincetheymlydungethewmtshlpeﬁpiﬁmﬂy.hmh
take all of these effects into acoount, we have used the HELAS system{13] for he-
licity amplitude calculations and the BASES-SPRING sysiem(16] for phase-space

4.3 Event Selection

T‘hedpﬂmoftfpﬁ:mdudhuhhoiqwhmdtwﬂfbnmintheﬁnﬂ
state. The two W bosona decsy into aither ¢¢ or iF. Therefore the final state
wnﬁgmﬂhnnmi]m#jehandfonrjﬁa&omﬁ"s{ﬁ%},ii)tmb-ieh,tw
jebmdmd:ngedlepton{u%],mdiii)two&-jeuandtwchn;edlepmq’

11%:). Case i) in useful for the total cross section aod the momentum distribution

measurements, while case ii) is the ouly channel to measure the forward-backward
ssymunelry in practice. We are not getting into details of the event selections but
juatmmtionthatthehaiccuhuledinthuemﬂy’umbedusiﬁedinb
the following three groups: l}mtnhapecutumchuthueonthenumbun{
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chu-gedptﬂidel.themm:berofjeu,mdthmﬂ,b]mmtltoaehctW';md
#'s by jet invariant mass method, and <) requirements of leptons in cases ij or
iii),kuﬂabh.b-u;gin;isaponﬂﬁduoltonduoetheedmblmtoﬁﬂbuk
ground in the parton reconstruction by jet-invariant mass method.

In order to measure the threshold shape reliably, we need Lo select i events
with s good 5/N ratio. In the case of JLC parameters, the effective cross section
at the threshold is about 0.4 pb for m; = 150 GeV while that of the largest
background{ W+ W= productions } is about 14 pb. We need some 107 suppres-
sion. Let us see bow this can be achieved, taking case i) a2 an example. Fig11-2)
lhmntypialﬁ—jetenntuped:edforuui).Whenwehﬁkatthismtinthe
calocimeter, we have Fig.11-b) where we can clearly see six jets. Histogrammed
in Figs.12-2) and -b) are the visible energy and the tranaverse momentum for the
intial sample, respectively, where the final sample distributions are also shown
as haiched histograms. Fig.13 is the scatter plot of the 2-jet invariant masses
mupondingtomediduafurthcﬁulnmphwh:ethdrpmjecﬁm:s
are also shown. The cut on the invariaat masses is depicied as a square in the
figure. Flg.l&haﬁmﬂuphtforthe}jetinnﬁmtmmmndhgmme
medid:tsdthethtuheld.Themothcunehdicﬂathe}ouﬁmofthe
m, cut. Finally, Fig.15 shows the thrust distributions for the # signals and the
W“W‘bad:g:mnd,juitbdoretheﬁndthnntcutindiu&edbymminthe
same plt. After this final cut, the detection efficiency is 26 % while the signal to

ralic grester than 10. This detection efficiency translates to sbout
58 % when the W — ¢ branching ratio of 67 % ia taken into account. We can
obﬁndﬂheﬁﬁm&umdﬁpﬂhb&&mdr%&rmﬁ]m&iﬁ].

4.4 Determination of Various Parameters
4.4.1 'Threshold Scan

Ummeﬂumpbmabhind.nmdmmepnmthumtathe
threshold formuls. The question is how well we can do this. KOMAMIYART]
mdetheﬁmntanptwmwh,unmingmbummgspmdmdbnm-
strablung. Then FUJII[18] studied the same problem with beam encrgy spread
and beamstrablung taken into account. MIQUEL[L9] compared various machine
parameters and FUJII[20] refined the analysis using a new formalism(7] to caleu-
late the threshold croes section.

Fig,16-a) is an example of the encrgy scan to determine m, and &, (Mz). Bach
data point corresponds o 1 ™" and was generated with [Val* = 1, au(mz} =
0.12, and Mz = oo{ no Higgs ). By fitting these data points to the threshold
formula copvoluted with the natural beam energy spread and the beamsirahlong
spectra, we obtain & contour plot shown in Fig.16-b) The strong correlation be-
tween m, and a,(mz} stems from the fact that the rescnance mass decreases A8
o,imz) increases. If a,{mz) it known, we bave Am, = 0.1 GeV and even if




a,(mz) is totally anconstrained, we can expect &Am, = 0.2 GeV.

Fig.17-a) is & similar plot for the determpination of [Vul’. Again we assume
1 fb~* per point. The corresponding contout plot (Fig.17-b)) shéws a0 correlation
between m, and [Va|? and indicates A[Vaf? =015 ~ 0.20.

Figs.18-a) and -b) are examples for the mu and Sy measurements where the '

energy points are chosen in the same way 33 with Figs.i6-a) and 17-3). The
my-8Y contour is given in Fig.18-c). In the case of A% = 1{ SM ) the scan
is sensitive to 3 mg up o about 120 GeV. It should be noted that the energy
pointsnaedhmuebynomnsoptimized. Prior to the actual energy scan, we
willhmafa.irlygooduthmteofmuwillbedum‘bedinthenmta]kbg
BURKE. Based on this knowledge, we shonld be able to improve the precision of
the measurements by optimizing the energy points to maximize the sensitivities
to the model parameters discussed above.

4.4.3 Measurement of Momentum Distribution

The momestum distribution of the top quark reflects the shape of the # poten-
tial that it probes. Therefore, the momentum distribution provides additional
information on m:, afmz), and T MATSUI and FUJII studied how well we
can measure the momentum distribution. To measurs the top momentum, we
peed to select well reconstructed ¢f events, since missing pevtrinos easily distort
the observed momentum distribution, For this purpose, we use 6-jut final states
and impose very tight selection cuts. To match such tight cuis, the detector must
have & good energy resolution to effectively remove events with high momeatum
neutrincs.

Fig.19-a) is an example of the reconstructed momentum distribution at the #
thréahold, where the Monte Carlo dstribution is compared with the theoretical
expectations for a,{mz) = 0.11, 0.12, and 0.13, The Monte Carlo data pointe
were generated with a,{mz} = ¢.12 and {Val? = 1 and plotied with no acceptance
correction. Thowaﬂdmbndﬁdmcyhﬁﬁinthismmph. We can see
that the Monte Carlo distribution is reasonably well reproduced by the theoretical
expectation for the vorresponding a,{mz) value. The discrepancy in the higher
momentum region is due to still remaining missing neutrinos. As stated in Section
1, the correlation between my and amgz] in this measurement is oppotite to
that of the threshold scan. Therefore, we can detezmine both my and a,(mz) by
gimmltaneously fitting the threshold shape and the momentum distribution. Here,
however, we sssume that m; is kaown and see how pensitive the momentum peak

. position is to a,{mz}. The dependence of the peak position on a,{mz) is shown
in Fig}9-b) where the dotted lines indicate the 1-o bounds when ao integrated
Tuminosity of 100 fb™ ia accumulated. The expecied statistical error on a(mz)
is 0.001, in this example, if m, is known and [Val' =1.

Fig.20-a) compares the same Monte Carlo distribution with the theoretical
expectations for three different values of the top width: |Vaf® = 0.8, 1.0, and

1.9, Again, the Monte Carlo distribution is well reproduced by the theoretical
carve for the corresponding |Val* walue. Fig.20-b) shows the sensitivity to the
top width. In this exsmple, A|Va]* = 0.08 is expected for 100 &', when m, and
o,(mz) are known.

4.4.3 Measurement of Forward-Backward Asymmetry

Inordutomeumtheﬁormd-backlud asymmetry, we have o know the charge
of the reconstructed 3-jet system, which necessitates the use of the 4-jet-+lepton
final state. Fig.21-a) plots the total cross scchions snd ibe forward-backward

jes for @,{mz) = 0.11, 0.12, and 0.13, »s functions of the energy mes-
sured from the # threshold, inculding both the iptial state radiation and the beam
effects. Fig.21-b) shows the asymmetry at the 15 peak s a function of a,{mz).
The dottsd Iinuintheﬁgureindicatethel-ubounducxpededforwkdeucted
events. Unfortunately, the sensitivity to o,{mz) is poor. Thia, however, improves
for higher m; values, since » heavier top has & targer width, which enbances the
obaservable asymmetry.

The situation is betier for the senpitivity to the top width. Fig.22-a} is &
similar plot to Fig.21-a) but with different top widths for a fixed o (mz) =012
The asymmetey ak the 15 peak ia plotted s & function of [Val? in Fig22-b) If
m, and o,(mz) are known, 40 ¥ detected events allow us to determine the top
width with a relative statistical esror of %.

5 Summary and Conclusion

The large decay width expected for a heavy top quark gives the tf threshold essen-
tialy pew features distinct from that of the lighter ¢f threshold. The lazge width
acts s3 a0 infrared cutoff and allows reliable extimates of the QCD contributions
tothcth:uhohl:mﬂuctiom,whkh,intm.mhepadble the extraction of
other tiny effects such as Higgs-exchange contributions. It skould be also noted
that event selection can be efficiently carried out by reconstructing the 5W W
final states through the jet-invariant-mass method.

There are many ways to extract physics iovolved in the weriex correction at
{he f threshold. We can measure the threshold shape by energy scan. Given 11
energy points with 1 fb™" each, we can determine the top mass with a statistical
mo{ﬁm.=0.2Ge\r',evmifc.iltohlh‘uncmstnined. T rmy is known, 00
the other hand, we can expect Aa,{mgz) = 0.002. The expected statistica) error
on the top wdth is AT/T, = 0.2, when a,{mz) is known. The sensitivity 1o
the Hi chmgeeimmdsuptom;;Sl?ﬂGeV,iitheYuhnmpﬁns
is that of the standard model. These results, however, assume 3 good control
of the beam energy spread, A Fiem S 04 %(FWHM), or & precision differential
luminosity messurement.
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The momentum spectram measurement st the H threshold is Jess dependent
on the beam effects. Ik should be alsc emphasized thet the correlation between
me s0d a,(mg) is opposite to that of the threshold scan. This allows preci-
sion measurements of m, and o,{mz) when combined with the threshold scan.
The sensitivity of the top momentum measurement to a,{mz) is expected to bé
Ac,(m,} = 0.001 for 100 {b", when m, iz known. Given the same statistics,

we expect AT/T, = 0.08, provided that m, and o,(mz) are known from other

sources. Aa for the Higgs-exchange effects, no additiona jnformation is available
from the momentum measurement.
The forward-backward asymrmetry a the 1.5 peak gives additional ioformadion

. on the top width. 40 k detected if events in the 4-jet+lepion mode provides us

with an oppottunity to measure the top width with s statistical error of AL/T) =
0.05, if m, and a,(mz) are known. This, however, requires a small beam energy
spread or & precise knowledge of the differential luminosity.

In conclusion, the tf threshold i rich in interesting physics and gives us a
good reason to build & sub-TeV linear collider.
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Figure Captions
Fig. 1 Top quark widih s & function of top mas.

Fig. 2 Total cross sectioms for tf, $£Z, wirti, and #iH productions for three rep-
resentative top masses: (o) m = 100 GeV, (b) m; = 150 GeV, and (c
m, = 200 GeV. .

Fig. 3 Phy:ic; relevant to the processes plotted in Fig. 71,
Fig. 4 The threshoid correction to the 11 pair production process.




Fig. 5 The dependence of the threshold shape on a} cu(mz), b} |Vai?, €} my, and
d} fg (the normalized Yukawa coupling), in the case of m; = 1530 GeV.

Fig. 6 The dependence of the top momentum distribution st the ¢f threshold on
a) 0,(myz), and b) |Vif?, in the case of m, = 150 GeV. )

Fig. T A schematic diagram showing the locations of the 5- and P-wave reso-

BANCES.

Fig. 8 The dependence of the forward-backward asymmetry at the 15 peak on a)
a,{mz), and b) Vaf?, in the case of m, = 150 GeV.

Fig. 9 (a) The effective center of mass energy distribution in the presence of beam
energy spread and beamatrahlung, The effects of the initial state radiation
and the beam energy spread and beamstrahlung on (b) the threshold shape,
(¢} the momentum distribution, and (d) the forward-backward asymmetry.

Fig. 10 (a) The reduced center of mass energy distributions including the effects of
injtial state radiations snd natural beam energy spread but leaving out the
effect of beamnstrablung. Distributions for two kinds of spectra, Bat-top and
duuble-pe;hedwhichismoremdiuﬁc,uelhmnformﬁmbmmugr
spreads. [b) Corresponding threshold shapes.

Fig. 11 (a) A typical 6-jet event from e*e™ — tf — bW*IW= where both W* and
W~ decay inoto ¢F. {b) The same event in the calorimeter.

Fig. 12 {2} Ew, and {b) Pr distcigutions for intial {open histograms) sad final
{hatched bistograms} samples.

Fig. 13 A scatter plot of the invariant masses of the 2-jet systems reconstructed as
W boson candidates together with their projection to each axis.

Fig. 14 A similar plot for the invariant masses of the 3-jet systeros reconstructed
as bW candidates at the # threshold.

Fig. 15 Thrast distributions for the ¢f signal and the W*W " background with all
but the thrust cut indicated by so arrow.

Fig. 16 {a} An example of energy scan to determine mi, and &.(Mz) where each
point correspond 4o 1 7. {b) The contour resuiting from the fit to the

Fig. 17 (a) An example of energy scan to determine m, and |Val* whers each point
cocresponds to 1 fb~1. (b) The contour resulting from the fit to the data
poimts.

Fig. 18 (s) An example of energy wan to determine My and 8% where the effective
cToss section curves are supetimposed for several My values. {b) The same
plot with the effective cross section curves for several 83 values. (c) The
contour resulting from the fit to the data points.

Fig. 1¢ () The reconstrycted top momentum distribution at the tf threshold, com-
pared with the theoretical expectations for ay{mz) = 0.11,0.12, and 0.13 for
m, = 150 Ge¥. The Monte Carlo svents were generated with «,(mz) = 0.12
and ploited with na acceptance correcticn. (b) The momentum peak po-
sition as & function of a,{mz}. The dotied lines indicate the l-o bounds
expected for an integrated juminosity of 100 fo™".

Fig. 20 (a) Similar to Fig.1$ but compared with the theoretical distributions for
different top widtha, (b} The momentum peak position as a function of
[Vis}. The dotted lines indicate the 1-o bounds expected for an integrated
luminosity of 100 fb™*.

Fig. 21 {a) The forward-backward asymmetsy and the & cross section for a,{mz) =
0.11, 0.12, and 0,13, a5 functions of the energy measured from the thresh-
ofd. (b) The forward-backward asymmetry at the 15 peak as a function
of a,(mz). The dotted lines indicate the 1-o bounds expected for 40 k
reconstructed # events.

Fig. 22 (a) The forward-backward ssymmetry and the H crous section for |V =
0.8, 1.0, and 1.2, ss functions of the energy measured from the threshold.
{b) The forward-backward asymmetry at the 15 peak as & function of |Val’.
The dotted lines indicate the 1.o bounds expecied for 40 k reconstructed
i1 events.
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OPEN TOP at LINEAR ELECTRON-
POSITRON COLLIDERS

D. L. Burke
stanford Linear Accelerator Center
Stanford California

Abstract

Experimental studies of top quarks produced in ete™
interactlons at center of mass energies above pair
thresheld will yleld important information about the
couplings of the top to charged and neutral weak
currents. Some lmportant aspecta of the experimental
environment that can be expected at future e’e”
linear colliders are presented in this talk, and
techniques to lsclate and analyse top quark
production and decay in the continuun are reviewed.
Physics tapics that are discussed include measurement
of the top production cross section and measurement
of form factors in the production and semileptonic
decay of the top. These measurements make essentlal
use of the unique capabllity of an electron-positron
collider to produce highly polarized top quarks, and
yield searches for anamolous couplings of the top
guark and posslble new currents in top decay.
Moasurement of the top Yukawa coupling and searches
for rare top decays are alsoc dlscussed,
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Top decays to charged Higgs bosons

R J N Phillips
Rutherford Appleton Laboratory,
Chiltor, Didcot, Oxon, OX11 OQX, England.

Abatract

The present understanding of charged Higgs boscns axd their possible
;ypeul.noeill—»hﬂ""deuyitn'iend. Two-Higgs-doublet models 1
and 11 are described and motivated. Varions experimental and theoretical
constraints are described. The bounds from the one-loop MS5M mass for-
muls {including LEP limits on ma) and from b — &y decay are eapecially
stripgeat and almost forbid ¢ — yH+ kinematics in Model 15, Future pos-
gible searches for A* at LEP IE, SSC/LHC, Tevatron and NLC are briefly
discussed.




EN
Top decays +_o chargsd Higas bosms

R0 NMpr
Rllefrd Apphifinn Lakiondomy — Bubend .

Agrada. 1 2= Hags dodel saemaria
Mlds T i X
Comitrinds , Remaining gormodder spece, 7
Ftun t-odH sl bbb

Ler] , sscfme, Tovde, NLC

——————

“Taddes do Vuman Basr, Mca Buryse, Tohne Neasclf, Alan Foaye
A e

Eledmuiakt symedtey braading machamiom ¢

Shudand Moyl ¢ ane u-q‘t.l !uJ.-r M‘t ?*i ey

e =L
Tigse

5 (W v, 7)) * M.,

Et‘i‘.d ?7 T crmplex sadae deulichs 5:‘{‘ wev §

.
AR L

- 3 . @ LA A S
%(m.m )+ ngJ_(H,H:

CPoven. +id

« = b, H wdany angle
'l'ur. v,
Wakamse coughagl 42 farmiem seatres

Aroid FENC 1 same-typa fermisnt gt mastat fom tarme 0

bdans (T M dormim matres fom v,
I §dtpe quaks, e vnster from v,

U
e ?S (romtebing & e tewd)

H-.u: Mug‘k‘l‘!{ mattet ~~

— HE
e DT O St O R B o | O g

o - s P
R ST LRy T 18 I R ——




=
Medol T Lhntt;-., beconsa o L3 ads o LEP

B(das¥) < GG cntant  {Crea)

antels 4‘ z - f{.- b1 4 M—'&ELL h.tﬁ'}ﬂ $age o
ol sdupet Bt 2 =~ Eh A wmp)xéo | _ u
) H\.F'utl ", sifo
Tire b i frespelten} B STecd Eaclades sl hap *7[N\0

2 2% asappratied 2y s'n{p.-u)-j_

e 2 B 6 baey Wkaias b
Shdid L ws-T | hap~oa-d

-
L

Cnitmdt o “* ? TpN' il

3{_5-- s"} < &l ll;'

M€ Mg " Dend § top 2 02 @q..a.‘.,..n..&...u'
£ W,Npu*\,ﬂu&,m
4.t~} 4 Map [Pa[328 mz)

ﬂl —‘i-o LU:LI-("_ - - f'u-w-‘w'f“':- s wa’ H-HI
Ly ¢35, ¥K e —————
hlt".-esl

[us H‘u]




[5-
Motd T Dhoreibin becnnse SUSY sebdh b shere :
At ren fovel | SUSY veduces pormmiin ® 21 (nh'h-'

M ome-lap : MESM Shedusss sy mg o .

o4 5"; ~ Ggme b (3 /)

ks b

I- ( g)‘auq.{ e oitp L, EE ¢n;t-.‘g'ﬂ“${w,)L

+ meetp Vg E(1-¥5)s

+ n.;"bnp gg(l-l-fr)t -

+Eb-¢ Mn;ld“kﬂ nidin, o ums]}-l»k.

526

5 o e e e " s
et r e T et - e — . ——E o A o (i o Wy i E PR 4

. 'ii. -

Ly




2

Chd'ﬂ;-*! - tu-.n-d'c.f! T oms ’-h"l" Brg wmn-

CDF g search 5 #y > 0 G¥  assuming o 08"
gi-:.u*,.sm.ﬁﬂrﬁ-i
conibroims  fmp i .
Tamer - Haatalt - ki 10
SM dedmmendc 2y wmy x 15330 Gt .
rod. corvedhions * (RMK : his ud’ﬂ\

Lep dEpWH B mg > WGy derenloy - hap
Lee S p2h D e 4 (MM)E.P M4SN
A% N
2 mg 2 oy

[,*.;“u..ilhsm,:«sn“-,lﬂ:a"‘; ]

> 40 '§ mp> Y0

MESM abidmwank Lk wopim in {mn tamn) (BB 2 P8
rod. crereedions > = ( " M(

w:alt;a- e o LEP
¥

wys ~ 1080 peadurrad o

a ke

(3.

E‘“tlﬂlhk Ol.“‘ u.q avﬂl.'t\;-f!

- OvERLAY o Ha K

conduiade a MSIM
B3, Pt , Lis P29z, war{nnn)

CW‘ H."-“ walt

E...-l...,. masm |

-A‘N‘-lelgtltn.

r. 9
] (3T
2 o]
: — 8
Q
-
&
b o
_..-—-'/
A "
/ -t
— 3
g
I gy g agwes poogeny e peggen Jemyp
ot
i E
o " e - ——-n..___. \
- rrr————i . -
S\l
£




(34

Meve comitrmads = Hu"hu‘s .

(2 bouods 3‘*_“ £ 1‘“9 (=~

LSy

AL, sanrdets

Resale o LEFT
Zh,

- Ovbauhy on o bC il

™

< tap £ 00 T
gk S %ep £ besles

Prton docan = 4 s 85 (Mmﬂ)

Magy hismmhy Ty >3 Wy R T g.rst m
> 4 o< bp

r
L

UT- SUGRA melds
) > 1x e s

i h ses- & ":M; 2 € Bep Tiate T

n Cher "‘P"“'f-"‘f"'}i 2hoedes "
: o fanp 2 el Torgue Tar S0t

it 1
s ONERLNY  o¥ Boe %

Sante-

%, 3-D KK iy A
ARNNY \;\\\\\\ : & oca-01l *ILH ) -“1';:':::‘ “;':.l.rm

B e¥) < o8 18
B whda s & (M Bap)

R _
Hi"" N, . tn*—u,ﬂu-;u
m A §'| ComBmtn £FFect e w "

e O P P B S N T} net ercledad wd

T oz

33

L

Wty @

528




o .

SUN-QT wifiubin cndtrick (Tarr-Toner Ohoaann - |
| [ 4 llnu(w.ha- comtlran ( Hn;lltl‘:ﬁ'?li J MostL T ThassmcrEe Yaunds &
2 e hep bl froad wy < " h
X 3
N \
N R
\ '\
M _ . L] N Q
. susy =1TeV ay(Mz) =0.11 R R
N
3 \
1l ::, 3
3 )
N b
) , \ \
§ ©pho ] R
W sol § N
77'1‘274'7?7”’: LEP b,
0] | 3 e S
| - 1 ST LU
= = J ta P 1]
- m(Gev) -

529




g
r
J
- 3 + "
32 T
= iy !
b £
M =3 e s
- - a._l,_ ' h
- - w
m Dn... ﬁ & m..
‘ -...-m._ | &Emmnuumc_f

Furuee ErfeEtimEnTS
o8

MSS™M rmnc{'ur ey

&

- m .,,

R

: ,;

’ -3
{nwerp - sy i) rg ANI=AI0E VR R e Vit i be-!._w ,&
@ h 1 « A ’ ,,.,.”

Lol B S .

HA%3

. T - —————
4_._..1.*

0] —— Q| e hkeIAD R .:.I_._ —h oQ) TH® LNIIILO -




R ——— R

Pukre MLtl-Fr Ht ad {-_'LH" w:_

Commed t & Norever ndnd suler mp posidle comfuriom SX. Mgy
v deryed o B mmedlbidy byl M

LEPI e —» H*H. -ty (t.?,vf)q- (Is,ﬁt}

S \g‘:-.{iukanul:
X4 '3(“"&'—»":?1!?] wdd bo 34 (4 tnp> 1)
BhW o - ) = 8.612 )uld's;d.,

{2z = « ) =003 mml
gl s

ey Jize . ,ft fae ?‘..‘

e u'v) = 20ph = 128 B onds
ST W) c036yh B 170 =« Myz30
ao¥eh D 3% - v Mu=l0

ek dtact MY Lp b mppxGo eV
o (& i tep>t)
-3 RO mast ramqe i-.ln-l-‘h.ululnd .
by MSSM conttratnty @

: and Bag¥
o LB ol ot doever HE O MSIM,

1
§SC [LMC | coplens ppor tE X pubdtim L
T by t (=) by tadw iy @

sty I 2w bt .5 <ans
\’1“ - Et' & ::1 ‘I-Qt-\ un‘tﬂfsti‘.

- TH = bes 4= ¢S djet wmass pank
Bdikd simddtnr by GEM allbedin = Lo d3nt
_Beb Deiga Reget SDC-TY

M-l L: s“ L1
el ool SH-12-211

@ it syl

measare. £E = b WW — L LV
pradikt v w = &%, uT bockammd B
wassare waceit e BAWH -3 €€, 0T sl S

dutidid spfiam 4 il v B Ny




———

Uz
Nlh‘bt-ﬂ“h SDC smulidims : L* iﬁ-ﬁ"- ne yoar Temming

T Wy wede dededid :
An sxample of the sambar of evests foond with aad whbow! § tapying u W .
sad N orals whon we have chosn wy = 158 Qa¥ 2nd mgy = 138 Go¥ wad i
A S ol T hawe saly calenliod the bockgronnd from the W ir avenld In ji. i-
ndiag Nig. . .: ;‘
with } laggiog__no b tagging ’i Iy
5 %
L4l (3y{%) > 50 Ce¥) we 2081 $
Y™ (30x)> 50 GeV) ™9 182 . )
NTE (s} > 100 GaV) 138 8w S . A - !’l
NE® (2, [} > 100 Ge¥) (] oo} Fs +4 g
Nsp {peix) > 0 GaV) 6.2 154
Np (pe(x] > 100 Ge¥) 4T na . \) . 3 -
1N
. -,
ftg-‘[v.-.-u.v!' {r siqnals ({;— 3¢ Y —tap =SS x_‘ 4
2
m, =100 Qe¥ =150 OaV
250 perTr 100 £7 | pARAS

1 # tage

e b

200

is0

I

Ny iy

100

s £
Pt aamg,

..

ol

0 Eeleen i 0 :
S 78 80 85 60 95 80 100. 120 140

my. (QeV)

Signal Significance {Ny)

_“_c‘_-,u.\."‘ul — '.|0ﬁ+
W
Wy
e
ok
-
-l

Tonitde 5 vandhs (oopr 55 W (hep, reun) tone




+
Hoatv syl dees wd
™o e Pu Ofar sbomrvabler duk weflect myy

Bltrev) e i, U

BlteTy _ -
o ($5ats ) | PR
@ e WY W
f '& 4 L L ! 1
bev Biv ""u"&t"ﬂ)‘ LR N

SDE gty wmmp of (o3 Uedhyds b
1) whiadis 1, -F... "'—'l F X S, Y

2 2 Bundie manes | maikie o myy

i
_ %

"“. Crmpare ’\ut - ?" “f’ (r31 Cq.'-l (l:l -*‘lsl}

[ “ " - :‘t._.” L U L4 ] L] " h:t -ﬂ-‘ 1 s . '““‘ m‘hﬂ’ ‘A‘ m“:.‘ ‘“t
“~ f 128 | ™ 200 T
. tang=8.8 wng=12 i
I peaiple foy provde 2 mdepeded diw, % 1of 5 1wt hF
bt i cotenrr are wot ooyl ST S
] it 3 7
Q'I‘nghu-"‘ localiie MHt"LAF 'u?u'u.l.‘ 5‘ kel 3 : E
2 af 4 %F B
‘;En—;'&?"‘"-m#' = i120] s % 100 120 "s0 100 150
© M,y (CeV)

[sw.-u -zls]

o TRt E



= | "

@ M — s sl ﬁ—auv HE ¢ Lot sl [s‘br. s‘---.t.:iéus]
b -» ba3
b : i}l m,= 150 JeV, my-=125 Ge¥
> tanfe 0.4 tang= 1.0
?.ﬁ..&dg 'D:a_ H«--JRQ.'F Ll-lhﬂ‘ﬂl 5 T T T s000 - T T T k
T 2000 ¢ . 3
Shrodeyy saled oreds <4 fome peft] (€] bade-to-back 5 H{-' 4000 F 4
. 2 o0 vt 3000 E
1'1-:“1.1' -~ u‘;\-h M Iﬁq{'h ~a Dda E 1000 - o H ]
a ', l’. 2000 F 3
repire 33 ke by b (e bdegped] s epp hesinpbanc s ™yt ]t} E
1 . | E o Ly .
] © 50 100150200 O 80 [0C 150200

4 |2} > 200 Q¥
Two-jel Invariant Wasa {GeY¥)

1 lsak oF ’hl]]} tnMu.ss E—:,-k 1 ten W4y el
[ oS pule

Detailed simedeins by SDC —sae Fs--: . Compariton of signels

m= 150 JeV, my-=125 Ga¥

Mtled 4k b tnpod s Bact) gl o2 oty
10!

100

10-!
10~} 109 10l 102

tan g [src-q1-23 ]

Signal in Standard Deviationa




Wt ok Tevaden ?

prese-t ,E 10 leer 'L..Su‘i o lowar vudes
r[&} bd 'I-ﬂ‘i - - -

b mh-u-}m&w;m&huwd‘l marked

oo SM dlagto didoy s reasanable ey ht't",h,-’l*", befed

:-?. e cmmben -;'--'ur .’:.l‘rr.m '!'Hl(ﬂ} a2} 218 h(t-nl.))ls
gﬂ- >30 Q R

ol oty b Kl rendiing beckgeunds (20 3¢%)

At fl& + l$80 #-‘ {.:1 q:d-l.]

S B Nesoppp) New pr.]  wp

(7% 1] ksa %8
avo a0 e
30 90 Yo

Tt sheald Bo posidle b dahid asy W deiedion foum
dese L8 dx ot

[Htr‘sﬁ':n.'l. aly rededie -~ e, 0p g
erhicarmed I €T, pT

Contouss of sigmal tved muclens (HH- {c) %

= t

-j;:l-“‘\'o.\f
LTI %o

L= toee 'V‘

Codosa o siihiaen {:S__

VA

4

LB

L] (L]

Mut
[I“-nd'ni';:nl . ﬁls.....‘-s Sopik s:t.gt"‘..:... F—- i-ll- H -l.'t)‘k-lu-i‘r]



7-@1

Whet oot u Naxt Lingar Glder . ,
! - C
&) ! T '
Ll Cﬂ'uLn.‘H.c:-.s
o'} Wt whorebuy yebe £ BwsB
MSSM smgaailt 410528 2 macerible K LEP2
510" b=
I o b acomes | ol be Slate dded b Sscfine
a0 ' “100t + FrAL I o Tewd:
= * “ T leot)—> i e
+ & NLC
TPagest cant sadhion closa abeve, Aresheld

£~ 1048 fyar BE M € ety W wbhal, (.. Hid T angem)
™y w120 rd - - basX y

{;- 1“,1‘. 20000 dt/gr b Jugospl & Temdron ’\Q c:ﬁ-...{:“““ R

| - : e ey by £ _

», slfo - - .2.,“'[ - 3

r:’ ‘s kq d0as .E

Chaomar eieds fan Tondrma 3 o 3

M - - - .i £ Ay - e bl by

Livegim L.ghlr..-ls " o o h':i

™ Lew
{n“- zeo fin Sau @ Soe "ir

Com olve -,‘“L‘;. & H*H.
dindly

o [Enjtec® 130 w fyr

536




Supersymmetry and the Top Quark

HOWIE BAER
Dep't of Physics
Florida State University

ABSTRACT
. In this talk, I will address the following lopics:

co Radiative SU(2)xU{1) Bresakicg wod m,
, ¥y MSSM Radiative Corrections and m;

o {; production and decays (Tevatron)

i Ay

o t — §, Z; prospects and consequences {Tevairon)
o § — HZ; Yakawa echanced decays (SSC/LEC)
o 1= bH* HY — WiZ; — 3l decays (SSC/LHC)

UPI

S Thanks to my collaborators:
' M. Bisset, D. Dicus, M. Drees, R. Godbole,
). Gunion, C. Kao, X. Tata and ). Woodside

i ome
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TOP AND RARE DECAYS .

JoAnne L. Hewett
High Energy Physics Division
Argoane National Laberatory
Argonne, [L 60439
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Top Quark and CP Violation

Darwic Ch

Depariment of Fhyrics end Astronomy,
Northwestern University, Evansion, IL 80208, USA,

Abstract

We summariged the recent works ou CP viclation in high energy colliders related
to top quark. ARer & short review of the fundementals of varions kinds of CP
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Top quarks at Hadron Colliders
Summary Talk

R. Hollebeek
Wisconsin top quark workshop
November, 1992

My favorite questions about the top:

Does it exist? - Yes, see Kane's talk

Could we have missed it? Yes! see Baer's talk
How do you find it? Protopopescue (FNAL)

How do you measure its properties? Sinervo {§58C)
Why is it so heavy? Still vnanswered !

If the top quark is the only very heavy quark, and its
mass is close to the weak scale, perhaps the top is a
VERY special particle. Why does a plot of guark
mass vs quark type look like this ?

qguark mass

e
L .,:V
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Does it Exist?

Three major items give us rather good confidence that the
top quark does indeed exist. They all come from
measurements of the properties of b mesons.

b- ITI"X
Abgg
Z -btb
b- 111X
G.L. Kane M.E. Peskin, Nucl.Phys.B195(1989)29.
If the b quark is a singlet, expect > 1.3 10**-2
Standard Model value 10**-4 smaller.
CLEO measurement 90%CL < 1.2 10**-3

A.Bean et al.,Phys.Rev.D35(1987)3533.
UAL1, C.Albajar et al.,Phys.Lett. B262(19913163.

APpg
The forward-backward asymmetry is proportional
fo

b b
T3 - T3g

evidence(cont.)

APpg

ANiAcos 9 [Evenis/O25 bink

E

-
)

Note that the asymmetry is zero if the b quark is an

isosingtet.

B ¥ €y For veriqus andele. w1th data

i
sl <

e 8 & &

4 073 -05 -02% O 0% 05 -ars 1 1wl
5@

Measurements prior to LEP gave
T =-0.54 £ 0.13
(Standard Model value = -1/2)

LEP

J. Carter, Lepton Photon Conference, Geneva,July
1991.

Abgg = 0.126 + 0.022
See also Kane's talk:
T4 = - 0.504 + 0.018 -0.011

OK, I'm convinced!




Radiative Corrections

The mass of the top quark often affects the cross section
for other processes through radiative corrections.
This provides indirect means to measure the top
quark mass or place limits on it.

Ratio of W and Z cross sections

The Z and W production cross sections depend on
m(top). By taking a ratio, some of the
dependence on theory as well as structure
function uncertainties cancels. Using the
dilepton detection mode for the Z and the single
lepton plus missing Et for the W, the ratio is

R = Ow T(W-lv) Iz
Gz T(Z-11) Tw

Solve for W total width.

This is a good example of a process which
can be used to set a lower bound on the
top mass in a way which is general
enough to have few if any caveats.

W Z Cross Section Ratio

3
B Total W width

l my = 91178 Gev/’ [ s UM
m, = BO.139Cev/c® | o UAZ
= COF

+ Averoge

2.7 2in’Q, = 02275

2.4

o {Gev/e')

2.5

My ( ‘GeV/C’ }

Figure 21 Total widtk of the W boson a5 a function of the top marsie.
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Relation between Mt and Mw

My [Covy

™ [
= Jaar)

¥ Motarm B4 Euui £ At evurnl o iy

», Jaur]

I3 o
- [Gav]

Figure 22: my - my interdependencel et for differens calculaions fhottom)
and for differant vofuey of wyy frop ).

We have a complicated three
parameter space involving Mw,
Mh, and Mt, We badly need M¢
to help us reduce the size of this
Parameter space for testing the
Standard Model,

Combined Fits

D.Schaile,CERN-PPE/9l -187(November 1991 ).

m; = 144}3 +1¢ Gev

J .Carter,Int.Lepton-Photon S ymposium,Geneva,] 991. 1.
J.Ellis,Int.Lepton—Photon Symposium, Geneva,1991. 1.

m; = 125 to 144 + 30 GeV
m; < 181 GeV [95% CL]

combined analysis of mz, mw/mz, and sinsq theta w gw give
upper limit of 200 GeV

fit for mt gives 130 GeV

P. Langacker, Phys. Rev. Lett. 63 (1989)p.1920.

J. Ellis and G.L, Fogli, Phys. Lett, BZ32(1989)p.139. 39.
J.Ellis and G.L, Fogli, CERN TH/5862 (1990).




]J. Pilcher's Talk Top quark fragmentation

This Conference The top quark width scales like
T ~0.17 GeV (mymw)?
ZFitter Result
S and the lifetime is T=1/F
= +
M, =91.1 87 £ 0.007 If the top quark is heavy enough,
I, =2.492 * 0.007 the width is large
G pole = 41.16 + 0.18 [Hb] the lifetime is short
193 +17 there is insufficient time for fragmentation before the
M, = 145 o, unconstrained top quark decays.
28 -20 If the top quark is light
M, = 153 +21 +18 o = 0.120 £ 0.006 the lifetime is longer
. 25 -20 there is time for the usual fragmentation process
Including data from the W mass and neutrino scattering TR . :
. This situation may lead to changes in the t quark z fraction
+ +1 : as well as the colinearity of radiated gluons.
M, = 145 19 o unconstrained _ neanty &
21 -19 A Blinov,V Khoze,N.Uraltsev,DESY 88-102.
_ +18 +17 .
M; =130 20 -19 Us constrained i5a . Given current experimental
) = PRk s and theoretical bounds,
See D. Schaile, Z Phys.C54,387. s 3.; + y the likety values of the
Comment: The variation of the chi-squared 1is £ 257 top width are Delwees
. . .- 2 24 about 0.5 and 2.5 GeV.
being determined from the data, and this is not 2 54 . i
ihe same as the sensitivity of the measurement 5 17 Difficult to measuse directly.
to a given parameter (M-Higgs for example). o1 ’ . . See discussion of W gluon
Direct input on Mt would be o 10 o 30 fusion.
Mitop} GeoV¥

extremely useful
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FNAL
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Decay Modes

b
-+ W
leptonic L L
great for detection (e and mu but not tau )
e v
em calorimeter techniques
chief backgrounds - 70 overlap, Z, conversions, B
semil-leptonic decays
mu
m n chambers
good for high rate env.
tau
1 prong modes
3 prong modes
exclusive modes???
hadronic N ' b
high rate L\w
difficult detection < (;f
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electron properties

The electromagnetic and

hadronic calorimeters
are used to select
electron candidates,
The hadronic fraction
of the total energy
should be small.

Conversion pairand Z

backgrounds are
eliminated with
invariant mass cuts and
using the VTPC

electrons from B mesons

are reduced by
isolation cuts.

EVENTS/ [00025]
8§ 8 8

:

8 8

EVENTS / [0.05]

5 5 8

1

&

o5 1.0 1.5

- 4

20 2.5

L

I LI 1

| 1
002 004 006 008 040

rod fem

A charged track must be

present with a
momentem which
matches the
calorimeier energy
except for the
radiative tail.

Strip chambers within

the electromagnetic
calorimeter provide a
profile for the shower
which must have a
good “electron”
chisquare and have a
position which
matches the track.

CDF Searches

The principal production mechanisms for top at hadron
machines are the decay to the W for light top, and
pair production. UA and UA2 searches relied
primarily on the former.

CDF searches extend the
mass range by being
sensitive to the direct
pair production.

Three search modes
electrons + jets

electron muon
events

dileptons ( ee JLL)

electron + jets

start with the observed
distribution of
electron energy and
missing energy for
events with two
jets.

Two sources, B's and
W's
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limit

The transverse mass distributions of top and W's are
sufficiently different to place a limit on top
production.

F.Abe et al.,Phys.Rev.Lett.64(1990)142.
F.Abe et al.,Phys.Rev.D43(1991)664.

Monte Carlo transverse mass distributions from W + 1 jet
events are compared to experimental data from the
electron + 1 jet sample at high transverse mass which
is expected to be dominated by W's.

The 95% CL limit from the electron plus jet channel is
the most stringent single channel limit.

40 <mt <77 GeV
T T T 1

16"
1w0tf -
] g
CO ¢ ° E
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CDF (cont.)

B's contribute events with soft electrons and small
missing Et. W -> e v however gives both high

energy electrons and large missing Et. For low Pt
W's, the two are correlated.

In a parton-parton collision, the longitudinal momentum
is unknown, so we calculate the invariant mass of
the e v system ignoring the longitudinal momentum

of the electron. The invariant mass calculated in
this way is called the transverse mass.

MY ='\[5E?FE’Y“(1 - COS ¢evj

(¢
o

(a}

n
Q
|

—
Q

-

PPy 1 ] KA

!
o 20 40 oo B8O 100 120
Mﬁ-v (Gev/ec?)

EVENTS / [8Gev/c?]
[0 ]
OO0
|
G

L O
o O
| 1

n
Q
|

O




e, bt

TR R PRI S T

CDF e 1 Search

Search for events with high pt (> 5 GeV) muon and a high pt
(> 15 GeV¥) electron of opposite sign.

F.Abeet al.,Phys.Rev.LetLM(lQ%)M?.
Backgrounds from B decays will dominate at low pt.
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4] W 20 X 40

77 Gevied

FI. 2. The expecied nunher of opposite-sign events fer 4.4
ph T owith Egledz P70 asd Filpl = P as 2 Tuncuion of the
threshold A Tur simulated i events with Mo, =70 Ge¥/ie®,
Mop=2K Ge¥/e® und fur <imulated M gwents. The anolysis
Py (hreshudts have hoen Toweree o & GeVfe Bur this plot in os-
Jder 1o shaw the shape of A backproend al b 2y

The top search region uses a pt cut of 15 GeV for both the
electron and the muon. One candidate event survives

the cuts with Et(e)=31.7 and Et(p)=42.5 GeV
Total efficiency for 70 GeV top is about 10%

e 1 (cont.)

One observed event is
combined with the
systematic uncertainties
in the efficiency,
production cross section,
fragmentation effects,
and yields a 95% CL
limit

mt > 72 GeV
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The event also has a
second muon candidate
in the forward muon
detector as well as a jet
with 14 GeV Et.




Further Improvements Vertex tagging efficiency

Coupled channel analysis: more channels combined Single b tag in a top event (CDF)
together give better limits or detection efficiency.

e and )L + 3 jets

0.50

challenges - jet energy scales and corrections 045
QCD corrections for W + multijet backgounds 0.40
. R . 0.35 4

e and ji + 4 jets -- need to reduce the combinatorial 0301 { ¥

background by using vertex tagging of b jets. E 0.25 ] 3
Vertex tagging : 020
30% efficiency (CDF) for single b tag in a top :::
event (120<mt<160) 005 ]
often considered the "smoking gun" for top 0.00 +———— ————————T—
searches, it would be nice to see b vertices in o 120 130 f40 4SO 160 17O
coincidence with a top signal. Top Mass
ft lepton tags ) . _
) . . The importance of the b tag is illustrated on the next page which
challenges - soft lepton identification and shows the rates for top events seen in the 3 and 4 jet samples
background studies. and compares them to the chief background which is W plus
Constrained fits ala SDC and LHC stu  s. 3 and 4 jet production. Without a b tag, the W plus 3 jet
.. . background is above the signal level for top quarks. The b
dijet constraints to Mw for example tag reduces this background by about an order of magnitude,
and makes the top signal visible out to masses of order 170
GeV

o6(mt=90) ~ 10 o(mt=140)
6(mt=90) ~ 100 6(mt=200)
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Signal and background in the

Effectiveness of b tagging in lectron muon final state
" removing W plus jet
backgrounds in the lepton
plus 3 3nd 4 Jet Samples The chief background is Z -> 1t with subsequent leptonic
decays of the tau leptons.
o b
10l ET.,11.,,|,,11111.1I,,.1l.
g i wr
t W+Jjsis, nc b lag ] E
PR B S E=TT
100 - /; . "‘-..‘lw-nj-u — E / LM.LT.M&.;
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o0 125 150 175 200, [
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Leptons plus jets

A reconstructed W can be combined with a
tagged b quark jet to give the top mass.
There is a combinatorial background from
the presence of more than one such b jet in
the final state.

These combinatorial backgrounds are however
much worse without the ability to identify b
candidate jets. The advantages of this
tagging have been clearly seen in SDC
studies.

Additional backgrounds come from extra gluon
jets. 30% of the events will contain a jet
which does not come from the hard process.

= -Qn.f tonie

two jets

While it's a somewhat novel idea to begin to apply the same
kinematic constraints to jets which we used to apply to
single particles in a bubble chamber fashion, the event
below ( two 200 GeV jets) illustrates that it is indeed
possible.

1

2 3
M ‘@n *?z> 2 Mogre ¥ Mg

NEEDS WwoRK
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Production of top

H
q >“-rrrrr<‘
q 1 t

Lowest order diagrams for top production from quark
anti-quark and two gluon initial states. The relative
importance of the diagrams depends on the tOp mass.
Heavier masses suppress the glue-glue contribution
which has larger systematic errors.

-i

w

Yot Cromn Sontiasy » [pb]
L]

PR/ LA, MEL LR A 00T

Top ok o § Jou¥]

Figure 2: Predictions of 1op quark gross sections 171

E.Reyaet al,,CERN 90-10 (1990) 304.The cross section
varies weakly with the parameterization of the parton
densities and the choice of scale. The vertical bars

represent the change from = m(top) to t =2 m(top)



Top Production and Decay

o,; h been calculated to order a3 by Nason et al.
(NP 3, 607 (1988)).

v L g v Y

pp(p) coflisions. DFLM. y=vm?sp!
— 10+ NL (A;=100Me)

........ 10 (A;=153KeV)
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e Uncertainties are order £30% (NP B308, 724 (1988))

Rates e enormous by Tevatron standards

SSC 12nb 1.2x107 per year

LHC 2nb 2.0x 107 per year 1o Miop= 150 Gev/c?

618

Top production

3rd order calculation of the top cross section has been
done by Nason et al. Nucl.Phys.B303,607(1988).

Uncertainties are 30% , Nucl.Phys.B308,724(1988).

Rates a the SSC/LHC are enormous

150 GeV top quark

cross section  events per year
SSC 12nb 1.2 107
LHC 2nb 2.0 107
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Tevatron goals

Run Luminosity top mass

1991 25pb-1 120

1993 73 160

1995 325 200
1992 Run

6x6 bunches 3.5 psec spacing 10¥*31 peak lum.

1994 Run
100 to 500 pb-1 400 nsec bunch spacing 10*32 peak
1998 ? 20 nsec 10**33

1992 D0 starts
CDF
Vertex Detector - Silicon
New VTPC
Central Muon Upgrade - chambers and scintiliators
Level O trigger - calorimetry and muons
CEM Preradiator

total cross section is 46 mb

(10%*31)(46*10**-26)(3.5* 10**-6) = interactions per
bunch

ssc t production

Top quarks in the 150 GeV mass range are copiously
produced at SSC/LHC.  10%*7 per year.

Primary production mechanism would be (low x) glue-glue.
Principal background - W + jets

—_ 1T — WiHBE

10 TELMOUET. 2 11 -

3 oo W nels [T 20 Gavi E
(Bontna +f 3]

o {nb)

s &9
o siguat for verious m; valuss v WanJets snd W, W2 background

1rd order calculation of the top cross section has been
done by Nason ¢t al. Nucl.Phys.B303,607(1988).

Uncertainties are 30% , Nucl.Phys.B308,724(1988).
Rates at the SSC/LHC are enormous.
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measuring m(t)

Would like to achieve better than 5% accuracy on the top mass

(5-10 GeV). Production cross se

gives a top mass error of order 10 GeV

Simplest Measurement

Inclusive electron or muon spectra.
Disadvantages are the effect of initial pt of the top and

secondary leptons from t->b or t-

knowledge both branching fractions and decay

spectra,
Dilepton Invariant Mass

Some ambiguity remains from secondary leptons (

2-3%).

Again need fragmentation information, pt top
dependence, possible polarization effects...

G.OQL
[ —_ ]
a0

0 42 W H0d 120 M0 1Am fmp
[rIrin

Fig 2. Hivogram for the distribution APt TOr bt £S5 vV
Mo, w 200 eV, dashed line: lowes) order resubt; solid ling:
incluiling first arder G rartccions, The widih is given in 1he
0its defined in eu. 19) and dum 5 GoV. The follawing cus have
been applied. Ep® )= 30 Goy i1 [0GeY, coatie 0

Need Inclusive spectrum of
leptons from B decays.

Corrections for top width are
small,

Figure uses 10**6 tops with
E1>30,E2>10,c0s<0.8

Error due to B fragmentation
estimated at 1%

QCD still 5%

ction with 30% syst. error

>b->¢ which require
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Sources:
LHC Workshop, Aachen, Oct. 90

SDC Technical Design Report
GEM Letter of Intent

See also C.P. Yuan's contribution, this conference.

et .} Ieu] aMtn‘lO-lSGBV
v
(3jet] AM,~5-10GeV

150 * .5 (stat per year) * 2.4 (syst)

ame t. e p]
I " 250 * .8 (stat per year) £ 3.9 (syst)
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Note that the gg process dominates at the SSC/LHC
machines because the top mass is smaller relative 1o the
cm energy of the machine so small x parton densities are
relatively more important. In general, the heavier the
mass, the larger the relative gq contribution as can be

seen from the FNAL curve. (se¢ previous page.)

Curves from G.L.Kane, G.A . Landinsky and C-P Yuan,
SSCL-486{June 1991}

Other top production mechanisms

w

-5
= = =
P WSS BV

Figure 7 shows LA Cross spcLions for various mechagisns of lop quark production al LHC.

Top quark production
via W gluon fusion

Fermilab-PUB-92/132-T
R.K. Ellis and Stephen Parke X

two top production
mechanisms
244
quark anti-quark

as the top mass increases, second process begins to
dominate

The W gluon fusion process needs to produce only a single
top quark. What is the relative contribution of these
processes?

the conclusion is that while for some heavy top masses the
ib production mechanism is larger than tt, after event
cuts (CDF type) the signal is smaller. Reason: smaller
pt of the b jet and larger rapidity of the guark jet in this
mechanism. '

C.P.Yuan, this conference

process allows a measurement of the top width into Wo
and perhaps the form factors

100% polarized t sample !
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W gluon fusion (cont.) W gluon fusion (cont.)

N RV RIS S
10 E— T 1 —T 1 T . T ] T 11 T : e s td 8 ] baCkground
£ Comparison of e"+v+X from tf and tb 'r ::";"::“”“ 1/ from W'S
[~ - 9 comoncth peme/2 b
1 ] S 3
= o F N Tl -!
,:5. =, 100 180 = [Ge¥] 250
.& 1 E“ :ﬁ::frr:::;:mdmh"#;&lj‘rﬂuﬁ-—ll.w
) - i
o1 k- wotBopmmy e Note that in these plots, one jet is required to be a b,
S “_'té pemn/2 assuming some degree of experimental b tagging.
e th t=m, )
N For the two jet case with large top masses, both
oo b e e processes are below the W plus jet background.
100 150 m, [GeV] 200 250 For the three jet case, the background situation is better,
‘ but the W gluon process is small for most top
masses.

Figure 3: Comparison of total rate for e* + v + jets production from ¢ and
tb production at tree graph level.

T —r Ty
weved prid (whi one jol w b o B
Lrom LL ¥eete sag b

I,
For top masses greater than 190, the W gluon fusion '
process (using the largest estimate) is larger than the mE ___________________________________
annihilation process. IR S R
oo T b
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Can the samples Dilepton Channels

be separated?

The e* uF channel is the cleanest channel

It's no good having a subsample of 100% polarized t's . Rate is equal to eTe~ and uy+u~ combined
unless you can separate it from the unpolarized
sample. The iwo samples are atb sample and a t
pair sample.

s No Dreil-Yan backgrounds

At SSC, requiring tepton Pr

Principles for finding the tb's o Pr>20 GeV/c

fewer jets s Inf<25

harder b spectrum |
yields ~ 10% events per SSC year (10%0cm=2}

larger 1y range for t's and b's 108

lﬂz flTlliTiIIllltfllli

perhaps double tag with isolated plus non-isolated
pair of leptons from tb 77?

—
o
[ ]

m
.
2
We need work on this separation before we can 107 S
determine whether such a sample would be useful in a
CP tests. 'E
lus e

10—2 1 L I T | I y L1 1 Ll 2 105

106 200 300 400 500

t quark oess (GeV)
Theoretical uncertainty in ,;{ Mtop)

= OMyop ™ 10 - 15 H(EHV/CQ ‘

e ==
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Low Backgrounds e mu mass plots

A similar analysis for LHC illustrates cleanliness

2oow TrrTrT LI LILBLJ Trry ] TTF1 [ T 1T 12000
* Require lepton Pp > 50 GeV/c [ A B :
i - — 10000 ©
® ) Er <10 GeV In cone of R = 0.4 for both leptons $ 15000 [~ % : 3
o -~
e Inj<15 Eq-: [ % 8000 g
i > ] 5
ylelds 3 x 10% events in [£dt = 104! cm—2 3 10000 [ 3 so00 ©
- 4 <
Q | ] ~
' r ' ' 3 - - 4000 G
10 [ ] 5 (@]
EUR 10 i
1 s =16 TeV < i — 2000 &
oL PP+ X (2->2+2—3) , I 1
— Wh+Wob s+ X 10 o - ] 0
T veuveZjelse X o 0 25 S0 75 100 125 150
d = Mass of e—u pair {GeV}
10" 10° =
4
o Ve e X oo N\ oL P> S0Gewe Yo < M(en) > sensitive to Miop
S w0' s soe-wc] M=ts 108 &
© l"t""s d-.an ‘3 &0 lnuTli‘rl‘lL‘lTl‘rrlII1Irli
+ (ou)isol” 2 = 3
il tarles = S 70
10* 2 ot :
\ }o‘ S -:' 3
5 & 80 ;
3 21 3
4 ! _
10 102 S s0 j
[-]
- . F .
bb-a 0 ReX 7/ : 40 -j‘
o +len)isol /// //% E ]
10° + 2 -] —
49 ( wp) é 1 ; 30 ]
' ' l 20 :j_j_ | ‘ U B | l a4 1.1 ] | I i;t 1 3
° 100 200 300 400 100 120 140 160 180 200

1 quark mass {GeV)
My, (GeV) 624




Dominated by systematics Leptons plus jets

The lepton + jets mode provides inherently more rate

Uncertainty in M, dominated by systematic uncer-
« Can perform fuil reconstruction

tainties
e Can directly measure Miop and BR
Effect - GeV/c2
Mtop (Gev/c) b p
b quark fragmentation 1.8 -
t quark Pr 1.9 4&——-——-
Statistics {1 year) 0.5
- 65-0 : T 1 1 l T 1 1 ¥ I T 1 7 7 l T # t T 1 LIL LY 'j
3 o p
g 55 =3
EY F 3
£ s00fF ‘+‘_+_ = 1
X - . s However, jet combinatorics are a problem
1 o -
MR L] ! - S d c
° : : 5C and LHC groups have made extensive studies
2 sof- + - '
E 5 . « Agree that kinematical selection can reconstruct top
= o -
i 2.8 -3 — Require isolated lepton with Pr2 40 GeV/c
m_o:“.lI.U.IL,..l.l..l“. : — Require 3 jets with high Pp cut
o 100 200 3049 400 500

Py of t quark (GaV/c}
« More efficiently done using b quark tag
= Can expect to measure Mg to ~ 2 — 3 GeV/c?

what wil e Tha' G.R—x—u.:lr r\ a_ 5wf\t SDC approach takes advantage of & quark tagging
? + Allows measurement to be done at low luminosity

é— ibjt-? tls ow e &.65-\-MLT<..5 u.[;—gv(,

e Better control of systematics in 'wa measurement
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Evenis/2 GeV/SSC yeur

Events/4 GaV/55C year

150,250 mass plots

4000

o000

2000

1000

1500

L000

lu“ll'lllll’l!llIlIIIII|I]||'|||'||

IITII!'[TIII'I'ITI'III'I]IIIII!'I'F

{a) My, =150 eV

{b) M\, =250 Ga¥

LJIJ]I!iillL _l_llil!llllll

T

t._[llllll.llll[.l_l_l.llllllllllllllllllllll].l

]

S0 io0 150 2C0 250
Three-jel invarianl mass {GeV)

c0
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Jet energy scales

Systematics in My, dominated by jet energy scales 1

— e ————

0.00

-0.05

-0.10

Fructional loss

-0.15

-0.20

‘IIIilT_Illl]TTIIIIlII'lI]

.‘ILA-

dpm-mmraread

e
R g S s

|||Ill.l[ll'

v 100

4 11 i I | . | I L 1. ] L1 1 L l A1 5 1
200 300 400G 500
donta—Carlo jel p, (Ge¥)

s Use MC to correct for clustering effects, etc.

e Can calibrate low-energy jet scale using W signal

e« & quark fragmentation

TMyop ~ 2~ 3GeV/c?




top branching ratios

Although et and ,u’k decay modes are most accessible,
t~rrh

is detectable using single—brong T — x~ X decays

Require
¢ isclated lepton with Pp > 40 GeV/c(from W decay)
s one jet with Pr > 30 tagged as b hadron

e isolated, charged track with Pp > 50 GeV/c

:I LI ] TT FT I LI L] lr'l_' L) I' T 1T F I T 4T 1
200 [— p{7)>50 Ga¥ -
35 L ]
§ [ MmO M(HY)-123 :
g 15¢ b —
5 - ]
g b= :
el S E
. o ]
3 - ]
§ sof- ]
. 5 -
[ A
u 1 L L a1 LLJ 1_1 [ LA L J f L L 1 i I L.L 1 ]_-

0.8 9.2 0.4 0.8 0.8 1.0 1.2

pu{r}/E (cone)

= uncertainty in relative r rate is < 5%

UA2 Charged Higgs Search

UA?2 Collab. Phys.Lett.B280(1992)137.

Search for events with electrons or taus and with large
missing Et. The number of such events with electrons
is used to find the W contribution. An excess of T's
would signal the presence of Higgs production.

Cuts >
Missing pt > 20 GeV
Leading jet Et > 17 GeV
Ne opposite jet with

]
w —3 ruw [soud) |j
o1zk = LAl i
- I 1
+ :

o - T
. ..,.m,.._-um:o.—.u--a:l't
Py | mafh.moms e (otteo]

Eveansf] Gl

Et>10 GeV : ) :
4 L |
R = i |
T cuts § _ - :
hadronicity=had/tot % “"?-'H‘r‘?“j——u
Masmg Prans-erse mgmerturs [Gel
prOﬁle Fig. 2. Simwlaied g JistnBuughs fer Wo— o and H - peovEnls.

T cuts

hadronicity & = had/tot

require 0.01 <& < 0.90 so there is some hadronic

energy and some electromagnetic energy
Require one track in a 10 degree cone around the

cluster.
profile p = (Em +Em’)/Etot

where Em and Em’ are the leading and neighboring
cell energies (i.e. tight cluster)

p>0.75
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Branching Ratios

Observation of top in

pp-cip:F o BR(t — eveb) x BR(t — pvyb)
pp — I IF o« BR(t — 1y 5)2
pp—nui =+ jets o« BR(t = puvy b) x BR{t — q7b)
pp — L + jets x BR(t — eve b} x BR(t — ¢ §5)
pp— r* rF & BR(t — r vr b) x BR(t — ¢§b)

Allows measurement of relative BR's to 1 - 5%
» Limited by systematic uncertainty in efficiency

» Depends on isolation of lepton and physics models




Charged Higgs Decays
Br(t > H" b)

Tt is possible that the top has not been seen due to charged
Higgs decay modes. If the top is heavier than the mass
of the charged higgs plus the mass of the b, then the
situation depends on tanP, which is the ratio of the
vacuum expectation value of the Higgs doublet.

L1

—’F. '

,

\

ikl

1 W g

Figure 9: Brancking raiios {my = 200 GeV_my™ = 130 GV}

For this scenario, find a region where W decay is small, i.e.

either large or small tanf3. Small tanf} would still be
found because there the dominant decay mode of the

Higgs is two jet. For large tanB however, tau decays
would dominate.

Breakdown of e L T universality would be a strong clue.

Low tan 3

( F A1 L-curw-'c.t&. >
Lﬂ\."\" ad)m& S‘:’qr-\-»\ ‘Qf*‘ H4

Resuiting M(jj) distribution for M4 = 125 GeV/c? is

2000 —

g
il

500 —

Evants/2 GeV/53C year

4000

3000

2000

Events/2 GeV/SEC year

T™F T

4 {a) ton fi= 04

llIﬁtTf1l]ﬁl!r

-lllla_l_jj_lj_ll_ln_lj_l.-lj_lj_AIlALiilln_lAlllnllll
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Top Tagging gamma gamma and 7.7

“Reach” in y¥1! X channel complements Zz*

Associated Top Production

‘ -1 T | T .1 1 T [ L) T T 1 [ T L] T T [ T T L] T Tr 1
L L 1
- - 5
pp — H tt may be important for a light Higgs search A ]
a 3 ]
s The WW channel is closed and Z Z* is rate-limited 3 L 1
o — ]
o H — v+ is largest potential rate -% [ b
— QCD diphoton backgrounds are enormous 2 ]
L] -
kA
T ¥ = -
0_[ Illolol IIIIIIIIII]ffTI—[ I l l i I—:
[ W T T S G O s
9 80 100 120 140 160
0—2 Two-pholen nvariant mess (GGv:‘
0-3 -------- e 15- IiaI‘ITIlT]’T!I1iIt|||rTI11I_‘]
0-4 E
o 1
a [
03 s |
3 L
T > s j—
0—6 ]lillll.lljl_l_l_lj_]_lltllllll 'é L
200 400 600 a00 1000 & i
ng&’ mass {GEV) o P e = e - i 1 8}
- 120 130 140 180 160 170
Tag tt system with isolated, high Pp lepton Four-lepton invariant mass (GeV)
W7 2™

e Reduces QCD fake backgrounds to manageable level
s lIsolation removes 5} vy background

¢ No ionger need high-precision EM caiorimetry 630




copious production info from b-> s gamma

| - . #edad T
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) e
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SDC simulations

One year run gives integrated luminosity of 10 fb -1

Tevatron tau searches

Lock fort—>m v
A3 exampls of the n3mbet of events found with and withoul b Lagging io W W5
aad W Tib evaais whete we have chosen m; = 150 Ge¥ and mys = 135 GeV aad
tanff m §. Wa have oaly calculated the background [ton the WH L r eventls in

See contributions by Phillips and Baer, this conference:

Sndiag Xsp. Present Tevatron luminosity is 10%*-3 times smaller than

e STt the SSC, and the cross section is also 10%*-3 times :
with & tagging no b tagging smaller

NEE {p,[x) > 50 GeV) a9 206 1

Ny (pel®) > 50 GeV) 3049 14852

NyE {p,(*) > 100 GeV) 135 636 = S}_’ See Baer et al Phys.Rev.D39,3310(1989)

NE¥  (py(x) > 100 GeV) 663 =8 4 search for dileptons from top

Nsp (pr(x} > 50 Ge¥) 6.2 15.8 . .

Nep (py{x) > 100 GeV) 16 113 4 add b tag and assume luminosity of 1000 pb-1

Cignefeamcs of LT siqmels
m, Niee,epl,upl)  N(et-h,ut—h)
m, =100 Ce¥ m =130 GeV
230 [T 100 pr——"T""T""] 100 630 450
b # tage ] 120 270 190
200 —0-b 140 130 90

150 F
The table above shows the standard model rates. It
should be possible to detect excesses in these

100 |
) ratios, which would indicate charged Higgs

Signal Significance (Ny,)

[ s s 0 "
075 80 85 80 95 a0 100 120 140

m.. (CeV) 632




CDF SUSY

Couldl we walss & ¢

?w.e.wr su.gaﬂ, L?(Qs.

500 1 fl T ' T T T T ™17 1_-{

I R

[ | : CDF : 1

400 (! v L=uapy .

L -l ] 1

0 . > b

O - | 1 1

~ [ I 1 4
= 300 : ! ) - a.f»::u-a__ .
Q v A
(&) S ZF&L D

p — r [ . A

2 200 - l "'s:t.‘““n ]

100 -] Excluded at 90% C.L. -

[~ 1] (With Cascade Decays) ]

[ 1 ]

N SR Tririvieks iririvh Sivirh Shriirs

0 100 200 300 400 500

m g’ (GeV/cz)

Figure 4: The shaded region of squatk and gluino masses is excluded at 90% C.L for a wernicn
of SUSY with cascade decays, g = ~250,tanf = 2, and my = 500 Ge¥/e?. For companson. the

dasbed line shows the limits correrponding 1o 10 cascade decays.

SUSY vs the SM

N Krasnikiv,S.Pokorski, CPTH-A164-0492(1992) Apr.

The mass of the Higgs and the top can distinguish in some
cases between these two models when the top mass is

greater than 150 GeV.

‘sosﬁ——ﬂ—[—l‘f_'ﬂ—r"m_r_]—r». T T
I'v’fsusy—'_-l TeV

:.[.u.]_m.|.mlm.Lu.-hml..uJu_quul-...l.‘;.-[mLh T

A PRTES FURTS PRU R |

el s S B YTTE BTN NS FU e
EGG 110 120 130 L0 150 160 170 180 190 200

My, [GeV])
Region I Standard Model Only
Region 11 Excliuded - both models
Region 111 SUSY Only
Region IV Allowed - both models
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stop

H.Baer,M.Drees,R.Godbole J.Guni on,X.Tata,
Phys.Rev.D44(1991)725.

I R I R | ]
v';-llft?_!

- T~ pE-ix

100 125 14

(Ce¥1

173 200

M, or m;

FIG. 1. We have thown the crots sections for the prodyciion
of top-quasrk wnd top-squark pairs &1 the Tevatron. In our com-
putstion we have used the Duke-Owen siructure funesions {set
1) with Ay =0, 14 Ge¥ for Bve favors, knd have taken QFmt

If the stop's decay to b+supersymmetric W's which
in tum cascade decay to Isp's (lightest
supersymmetric particles), then the detection
mode would be b jet plus missing Et. Decays in
the cascade which lead to Zinos with electrons in
the decay might produce multilepton events
which would probably be easier to detect.
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top backgrounds to
the Higgs Search

For SSC/LHC, one of the more attractive Higgs search modes
is the yy decay. For Higgs up to 80 GeV, one can rely on
LEP. Above 140 GeV, the best mode is the 4 lepton decay.
In the intermediate mass range, the Yy mode is best.

7. Kunzt,Z. Trocsanyi,W.Stirling ETH-TH/91-17

A Ballestrero,E.Maina,Phys.Lett. B268(1991)437.

Prompt photon pairs produced along with t pairs can represent
a significant background for this search in the low mass
(<100} region. Previous studies have concentrated on
backgrounds to the search from light quark processes.

i g 5 T
E 5240 TeV

t mien .
RS | IO

D R T N

S g \ \;.1

S H
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;z‘ \
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:>.: ot 100 |
12Q
rsa
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[ 1] o 1z JEL ]

Moy {Gev]

Fig. 3. Eapected number af 1Yy eveais at 33C. inone vearat the
design luminositv. wilh the Culs Sescribed n the Lext. fram prompl
phcign | conninuous Survesd and From \{H (dashed | 1 4 win-
om Ali=d Ge¥ ceniered around the Happs mass Resulls ane
wrsented for er, = 100, 1200 150, 203 GeV.

~a=16 TeY

R

B ~ -]

EVENTS/ 100 "™}

166
ok 120 1
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o 00 120 156
Hoy [Ge¥)

Fig. 4. Eapecied number of 1y eveniz as LHC ap one year a1
£ =100 b " ren tirses the design [uminosity. wilh the ruis de-
seeibed in ihe loxd [Fem prompl photed: ECORLLALDULS {ur oLl
3t From (UH (dashed b 3 wanoow S0 =8 Go¥ cenlengd 2t
1he Higgs masy Resubls arc presenied for e o0, £ 36 Gy For
o= 120 GoY we give oniy the prompd phaton result.
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The Top Quark at Linear ete Colliders

Michatl E. PESKIN

Stanford Linear Acceleralor Cenler

Stanford University, Stanford, Califorata 94309

ABSTRACT

[ review the aspects of top quark physics which can be studied ai &

linear ete— collider operaling as 2 top quark factory in the energy region

between 308 and 500 GeV.
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