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“Theory”: SM Higgs Boson Mass and Couplings

From the Higgs Mechanism ... and from Gauge Invariance :
m, = m,,,/CoSdy, ; my, = gv/2; (- v 0250 GeV).
¢ vacuum expectation value
H
______ ? W.Z
Empty vacuum ' - H m2. _/v
mf/v £ e <« | W,Z
24 1
W.,Z
) (Our vacuum)
All couplings predicted
V(o) =Mop-v2 13
?) = P9 h
1 AV ) H 7
= H2+H3+H4 ------- <
2 3' 4' / \\ H-. H
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mz /v ‘H L v=m2 22
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mZ = Av2/3 A
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“Theory”: SM Higgs Boson Mass

The mass m is mostly unknown, but ... EW +57 5

- (In the Standard Model)
e A=msZ /v
H H BOO T T 1T T T 7 T T T 1 T T _
As for any other coupling constant, [ | In the Standard Model: |
the particle content of the standard 600 — m, = 175 GeV  —]
model determines the running of A . - |
up to a scale A, at which the model Q — o (M;) = 0.118 7
IS no longer valid. E. - _
o 400 —= —
The_follgwmg conditions must be — not allowed |
realized: B N
200 — allowed =——
0< A(A) € » : -
f 15 o not allowed _|
Vacuum Stability Triviality O ; L !|6 L |9 _— |19' | |15' | |“;
10 0 10 10+~ 10 1O

A [GeV]
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“Theory”: SM Higgs Boson Decays

The decay branching ratios depend only on m;:

Qm,<2m.: H - yy+ large lifetime; Q m, >2m, up to 1000 GeV/c?:
Y
H + 2
_______ W E
2
' :
Qm,<2m;: H - e‘e dominates; z
M

Qm,<2m: H - p'p- dominates;

Qm,<3-4GeV: H ~ gg dominates;

(00000 ¢
H 10, 17T, KK,
——————— top
nn, .. etc
0000 10
- 2
Qm,<2m,: H - t't and cc dominate; 10 10
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“Theory”: SM Higgs Boson Production at LEP

Dominant at LEP: The Higgs-strahlung process
(The production cross section depends only on m,,)

LEP 1: Vs Om, LEP 2: Vs=2m, + m,

(Large coupling to the Z = Only sizeable cross section)
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The situation before LEP (1)

Quite a few searches in hadron decays:

d d d
0 0 0
K \\Y T Bd \VY
S d b s,d

NA3L 1990 % @ CLEO, 1989
H -

No excess seen, but...

SINDRUM, 1989 + No unambiguous limit set CUSB, 1989

c
; v, & e
b, c

ﬁ (Large
on the predicted decay rates.)
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The situation before LEP (I11)

Only one unambiguous limit: M. Davier and H. Nguyen Ngoc, 1990

1) Production:

¢

2) Decay (for m, between 2m,_ and 2m,)):

2 1016 e — »

(2 GeV)
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| e '/|j | No count
2%, Calofimeter above 750 MeV
2m Decay I 50 em 10 ¢ o ;
Distance | D N e
/////////% 100 cm 1 '.: ]
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E (GeV)
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Direct Searches at LEP 1
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==

Search for acoplanar jets (e

20 Hvv events to be looked for
(4 expts, if my = 65 GeV/c?)

Full ALEPH
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Within more than 20 million
other events from Z decays
(or from other processes)
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Search for acoplanar jets (e*e” — Hwv)

Two main subsamples: 70,000 Events with M,,s < 70 GeV/c?:
BOCO :
1)  High Multiplicity (Selected) -
_ | cuUT __ 7000 |

w0 £ 4.5 Million ALEPH | [
wo b 7 _ hadrons I Lots of Z — hadrons
cons b ! I with missing energy

o , -
w00 £+ 5 HW events ? sa0e [
e _ (m, = 65 GeV/¢?) -

ngr i -410 B0 100 120 140 4000 u
s Visible Mass (GeV/c?) -
oo [ A 0TS OT VY 3000 - A few Z - T
oo [ eeractions Z . e'e i With high multiplicity
4000 Z - l,l+l,l_ 2000 :—
3008 L
2000 4/( - Afewyy
ona b iooa Hnteractions

2) Low Multiplicity (Rejected) %0

Visible Mass (GeV/c?)
. . - Hwv signal expected
Origin of missing energy in Z — hadrons ? (x 100)
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Energy Losses in the Beam Pipe

(Not instrumented)

3600 E D
3200 £ ALEPH Data Entries
~ sz00 £ (70,736 events) ;ﬂagﬂ
Z - (qq events: 2400 [
Two back-to-back jets f‘;gg 3
200 E
Beam - ? ,,,,, é 7777777 800 F
400 E

0.8 0.9 1

ECO

- ) ) 9]
Hw signal 700 = Hvv simulation Entries

o0 — (starts from 10,000 events) :;;n

500 E

400 |-

,,,,,,,,, Beam _ f
°F Expected in the data:

200 Cut

100 3 5x67.09% [13.4 events
0 01 02 03 04 05 06 07 o8 0.9 1

X 60% X5 = Fraction of measured energy above
30 = 30 degrees from the beam axis
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Energy Losses in Semi-Leptonic b decays

Z - bb events: 5000

90 100 110 120 130 140 150 160 170 180

- 1B,
. _ , - ALEPH Data Fntries |
The v is In the jet 4000 |- (26,041 events) . Meon !
- ’ » 1 RMS '
3000 — - Veu :
B b :
2000 [ |
- |
1000 l
JAcollinearity : ¢ Cut
(1180 degrees & L RIS S P USRI A GPOT S RO B

Hvv signal
101
- 180 - -
V eo E HVWV simulation q;ﬁam >
140 (2.8 events expected)

) Acollinearity 120

<< 180 degrees ‘ZE
&0
v 40
20
S I S R e R T e e sl e e
90 100 110 120 130 140 150 160 170 180
Acoll. € 165 deg Acollinearity Angle (Degrees)
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Energy Losses due to 1.S.R.

(Initial State Radiation)

ete- - (qy events:

The p,,. is along the beam i ! D 100
200 1 Entries @E)
175 : g 0;
1.101
150 :
125 |
100 '
ALEPH Data

i (1466 events)

50
25
0 i 12 ST 5 o O i e OO R i, 1
0 05 1 16§ 2 25 3 35 4 45 5
180 ID
160 -:'_ : Enlﬁes 4686 )
3 Mean 1.788
140 £ : RMS 1.170
120 E
100 E - . :
. oo E Hvv simulation
v N (2.4 events “left”)
V 40
Pris 20
0

tana =204 tan a

SLAC Summer Institute
August 13-24, 2001

Probes of Electroweak Symmetry Breaking at LEP and SLC 13



Energy Losses due to 1.S.R. + Semi-Leptonic b decay

Acoplanarity angle
(1180 degrees

g

Z - bb events: o £ ALEPH Data i
35 £ (1001 events) Mean
30 E e
25 E
_____ oy 20 E
15 E
10 E
5 E
0 .:.:.:.:.
pmis *
Vv V
HUY si : F - : D
signal 120 £ HVV simulation Entri Casie)
i - (2.3 events “left”) M 152.6
o 100 | 15.92 |
% F '

Acoplanarity so [
<< 180 degrees F

40 [

20 [

0 WO e £ B oo e b R e M : i
ag 100 110 120 130 140 150 180 170 180

<
SLAC Summer Institute Acop‘ - 175 deg"
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A Semi-Leptonic decay in bbg (3-jet) events

Z - bt_)g events: 225 iD

The p,. is not isolated 'l (824 events) e o
150
/ 125
pmis , 100
' 75
50
25
0
Hwv signal: seiih — . - |
The p,,. is isolated 3200 [ Hvv simulation Entries QE:;%:)
[13 ” D.
- (2.1 events “left”) E;g“ g
Pris : . 2000 §§
1600 &
1200
A f Cut
400 £ |
0 &—-—f.a.:]||l||]4v||||E|!|1L|_,,sI||i
0 2.5 ] 7.5 10 12.5 15 17.5 20 22.5 25
E 1 G V Econe (GeV) = Energy contained in a cone
CONE = e of half-angle 30 degrees around p,,
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Two Semi-Leptonic decays in bbg (3-jet) events

Z - bbg events: 160 =
ALEPH Data :
- + + 140 Entries
! S=0,% 05+ 6, % (365 events) Mean
EMS

S 0360 deg. 100

’

|'|IIEIIHlI!II|I?III'I|IJEI|I!II||:||I:I||||

0
12
0> o (6 events)
mis 60
O] p——
\_/4 20
923 G i ; PRI | | P I 1 1 i 1 | i L R 1 | S R T B e m-w
260 280 300 320 340 360

\"4

Hw signal: 140 £ HvV simulation
V 120 £ (1.8 events “left”)
100 ’— i
g0 E g
- (1.5 events “left”)
60 F
40 £
S <<360 deg 20 b
- ':' - Peer b
0 260 280 300 320 340 360

S=0,,+0,5+ 05

S £ 342 degrees
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Two Semi-Leptonic decays + Three Jets + 1.S.R. (!

ete” - ng(y) events:

(0)

Background simulation

"I"'1‘"'l I'"I”'l 2] I"W'"

125 FUANUR TN PRI T PR T T

4 — e b s o]

—60 =30

~
ey
~

planarity (deg
o
O
1 I i I i I i I 1y

ALEPH Dat

125 ‘u..l..ul“..l.,..1..,.1“..I.,..i.,,,r...

.';..:l.x.;l

—60 -30
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0 30
Ewn (GeV)

Epin = MIN (Ey, By, Ep)

E,, E,, E3, E, = Energies Recomputed with
energy-momentum conservation constraint

bE)g(y) events are

4-body Compatible:

Eyin IS POSI

tive

Signal simulation

e RO,
o165 . 'w
E s & 4
b ?. - . x a
Z 155 [l S
FL A @ oA
e ZRPIRES
o 145 i‘“‘:‘:‘: ae
- E- PR T
N :‘A ‘4'
8 135 H LY .‘-
< :—‘. bt

aa 2 &
A

;
“I \M-‘ .~ ‘:

. . ¥
125 AR YT AT _r‘:f,f.’-.,lﬂ..l,..,l

30

Hwv signal:

E
E,

=

Hwv: The three jets are

-90 -60 -30 O in the same hemisphere.
e (Ge) One of the E, tend to be
No events left in the data; negative
Still 1.3 event expected from Hwv
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Higgs Boson Searches at LEP 1: Result

With the 4 LEP expts combined, 4.0 signal
events were expected. None were observed.

Saturation was being reached:

5 50 ¢ ~ 70
9 SRR . WO SV R A R EP.89—95 = e
@ 45 [ A% 1995
5 : @, 60 1994
L /,)‘.
g 40 SEG g e 1993
r — 'y

=T e e e £ 50 71992
s - o A
$ 30 [ S V- — z )4 1991
£ : =V 5 40 ;
= - |
T N N L O B S / 1990

S S0 /

R T T T N T T O A f“

- 20 /1989
LT e T e /
5 10 {f
& Fod N R
F 95% C.L. Lim T~
ob—b b b b e b e e e 0
50 52 54 58 58 60 62 684 66(6555/ 27)0 10°2 101 1 10 102
m =] < appn .
" Million Hadronic Z decays
00 oM = 008 ooure GO FOR LEP 2!
Excluded at 95% C.L. '
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Direct Searches at LEP 2

Higgs production cross section

50 sensitivity for 200 pb:
e Vs =192 GeV for m, = 100 GeV/c?;
e Vs = 210 GeV for m = 115 GeV/c?;

SLAC Summer Institute
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Signal vs Background (1)

ete- -~ HZ
o =0.1 pb

ete- -~ WYW-
g ~ 20 pb
e W
X
é\é
QO
Ve \Jr%
@)
2
e’ w*
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Must evaluate the “signal-ness”,
s/b, of the candidate events

e Other kinematic variables;
» b-tagging (lifetime, leptons, ..);

ete- - 2Z
g~2pb

Z

&‘6

(0
O

&

* Z

Zoom of £1lcm around
the interaction point
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Elements of b tagging (1)

. 1 ]
s b 2
B
| 4
v i t Data Z peak 105500 t Data Z peak
H 104, FoR5S
3 3
e 3
SRS EZ MC (uds) jias B MC (uds)
] oetez aletatitetetets)
R 2§ g ] MC (c)
¥
M e MC (c) 3 RRd .
:‘:0:‘:.:&- 20 DR,
sl 3 %
R T XK R
i ] MC (B) B
] 3
2o Baiaaa
1075555 2 [RRSEREEER ot
JRR0
R R R R TR R R K K A
st PO
Tesmrpansniha O T,
phesatetiatetersy [ sioluistotetototetstoletetoto
TRIOSEREAI osstatstotetotetetotatols oo ety
RIS R RS RR R
(oteletaletotatatetety R R,
Jloisholototosetotetons) R istetotetetetototeretotetelotototet
ettt ity R RS
eishiiatatatatitotetytys R SR SRIRA R
chotoa el tetite ety O o]
ettty e Tt Tttt ot
e L] S e %)
eSS RRAE R S RS0
102 B {1
S ERSRSES S e o R I B S e T e e L
R e T T T T T
o 1 2 3 4 5 & 7 g 2 10 a Iig 20 30 40 50 &0
~log,, (P,..) 2
10 Fevt §4

Impact Parameter with respect x2 decrease with a
to Primary Vertex Secondary vertex

= t Data Z peak
2000—; B MC (uds) ~ .
e Combine with
Neural Networks
500 i LikelihOOd.S, LR
| | | | P,
Lepton Transverse Momentum Other jet-shape variables
with respect to b-jet axis (multiplicity, mass, sphericity)
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Elements of b tagging (I1)

Result on jets from hadronic Z decays Result on jets from hadronic W decays
(collected every year for calibration) (from semi-leptonic e'e- = W*W- events )
4500 - |
1 # /7 MC : all jets S 2003 |_+_
4000 1 7 [ MC : bjets % Ei i
: . + 7, data = +
ek N7/ eI No b-jets
3000 ] 753 £ in W decays -
] Ly ; 503 Sar=
2500 § | | t‘ 253 E b AP
: :'H a: SR o LA
E
1500 1 *0’1 Z o E
o ///// T | I
500 /// i)
o W -.»,mw"m. ok
0 0.1 02 03 04 05 0.6 07 08 09 1 i 7 A B A PR AP A 5 RS R
NN4vy output
Nthag

QO b-jets and light-quark jets are well separated;

O Simulation reproduces well the data. (Essential)
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Elements of b tagging (111)

Separation of HZ, W*W- and qg events at LEP 2 energies
(b tagging only)

(Jets 1 and 2 are chosen to be the jet-pairing most compatible with originating
from a Z decay, according to the di-jet invariant mass, the decay angle, ... etc.)

SLAC Summer Institute
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Signal vs Background (11)

Combine b-tagging and kinematics in a single
Neural Network / Likelihood 7 ... :

103 « Data E Higgs Signal (m, = 100 GeV/c?)

Bl c'e .27

> Backgrounds

102

10

In each bin, one can define the

probability for an event i to

come from signal (s;) or from
background (b;), and the

00 01 02 03 04 05 0.6 0.7 0.8 0.9 1.0 event weight w; =s; / b

GLOBAL NEURAL NETWORK OUTPUT
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Signal vs Background (1)

« Overall Likelihood of a given event sample: Q = ﬂ (si+b,)/b;;
e Larger in presence of signal;
 Negative Log-Likelihood L = -2 Log Q (Smaller in presence of signal).

@‘lal + Background Background onb What if m,, = 115 GeV/c2?
e e N R R BN '

10007 - : :
7sp f| 100 GeV/c? <} K y
: E 10 | L
th : %
] 7.5 | (Expected)
0 80 100 5 X \ "b”'-ﬁ"
: Observed-
r - T e Y

- =
Ly
' o E
r 1
~
- Iy
D :
- E
r (
- .
-
T

7.5 F——Signal (=%
: "s+hb';
-10 : (Expec.ted)
108 6 4 2 0 2 4 6 8 10 105 110 115
Js = 206 GeV -2ln(Q) Four Experiments M, (GeV)

SLAC summer Ins One Experiment
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LEP Optimization: Luminosity or Energy ?

Higgs mass 3o sensitivity = f(Lumi, E)

Luminosity per experiment (pb’ hy

10 5 T
100 101 102 103 104 105

Beam energy (GeV )

A typical (and realistic) example:
O Beam Energy: 102 GeV;,
d 200 pb! / experiment.

The 3o sensitivity of the Higgs boson
search is about 112 GeV/c?, i.e., only

from the “kinematic
threshold” m, = Vs - m,.

To gain 2 GeV/c? of sensitivity, two
possibilities :

» Increase the beam energy
by 1 GeV;
» Multiply the luminosity by 4.

1 GeV of beam energy (feasible) = A factor of 4 in luminosity (just a dream)

SLAC Summer Institute
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Beam Energy increases in LEP

@ Energy Loss per Turn [] E_4/ P (Synchrotron Radiation)

Maximum Beam Energy O [RF Voltage x Bending Radius]*/*

Year Vs (GeV) | # Cu Cavities | # SC Cavities | RF (MV)
» Increase —N
RF Voltage; '—— /] 1989-95 m- 128 None 180
(130 MV for 1996 161 128 Lad a0
E = 45.6 GeV: 172 176 2000
1997 183 52 240 2500
>3 GV for
E =100 GeV, 1998 189 52 272 2850
- Go for SC 192 3000
RF Cavities) 196 !
1999 48 288
5 | 200 !
ncrease
3550
Bending Radius! 202
205
» Or increase both. 2000 l 56 288 3650
209.2

SLAC Summer Institute
August 13-24, 2001
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LEP Improvements in 199972000

1) Increase RF Gradient & Upgrade Cryogenics

30

« 272 Nb/Cu cavities in 1998; 192 GaV. iﬂoeoaf‘f\l\g/(:u —
2850 MV available, 189 GeV 21 I(\S/IgaMnVI\/Ib/Cu TR e N{iE
- m 7.5 MV/m
« 288 Nb/Cu cavities in 1999; Sy \
3000 MV available, 192 GeV E P
515 Q\6\
» Condition all cavities, damp the f N\
oscillations, install part of LHC E o .<o<‘°
cryogenics, improve the phasing.. 2 oS
3500 MV available (end 1999) ox
3650 MV available (2000) a ‘ H
NN T
E: 192 - 200 - 204 GeV: Distributions of all Nb/Cu cavity gradient (MV/m)

my: 100 - 108 - 112 GeV/c?

SLAC Summer Institute
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Improvements in 199972000 (Cont'd)

2) Improve stability & 30 sensitivity optimization with O or 1 miniramp
Decrease security margin & M=
N
_ D Start with 1
« Two- to one-klystron margin S i a margin of 2
(Fill duration 2h30 - 1h30): =) l l 0 klystron
>
=
E: 204 - 205.5 GeV; 5 s
m,: 112 - 113 GeV/c? 3
EI

L . 112
e Mini-ramp to no margin at all

(Fill duration 15 minutes!)
111

e Turnaround time reduced to 45 mins;:

E: 205.5 - 207 GeV; 100
m,: 113 - 114 GeV/c2 Starting Energy (GeV)

SLAC Summer Institute
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Improvements in 199972000 (Cont'd)

3) Re-install 8 Cu cavities 5) Decrease the RF freguency

Adds 30 MV (0.8% of total RF Voltage)

............................................................ _. Af = 0 Hz

E: 207 - 207.4 GeV,;
my: 114 - 114.25 GeV/c?

More dipolar
magnetic field
seen in the
quadrupoles !

\ Af = -50 Hz

4) Use orbit correctors as magnetic dipoles

Increases LEP radius !
But ... 10-20% luminosity reduction

E: 207.4 - 207.8 GeV;
m,: 114.25 - 114.5 GeV/c? E: 207.8 ~ 209.2 GeV,

m,: 114.5 - 115.1 GeV/c?

SLAC Summer Institute
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Improvements in 1999/2000: Results

220 pb! delivered in 2000:

e starting at 204-205 GeV
(April-May)

* Regularly above 206 GeV
(from June onwards)

* Only above 206.5 GeV

Largest m for a 30 observation (GeV/c?)

Higgs 30 sensitivity vs time

—_

f—

=
|

[O$T 1 pkTaed B LR T

.....................................................................................................

(September to November) :
90 — ;
—-; o _ Notes:
g « 372 cavities:
g 60 206.5 GeV o .
A i 80 g -~ E =220 GeV;
L so k i | * 4 straight sections
: (176) h
£ 205 GeV I ~ E =240 GeV.
g v L s i B .
| sy (144 cavities),  9swaL ecinded by LEP in 1995
5 | Sk i i A i i
L L B B B
0 0 100 200 300 400 500 600 700 800
D t high
. [ 208+ Gev ays at high energy
my, < 114.1 GeV/c?
o Lo ol lH Al H
200 202 204 206 208 210
Centre-of-mass energy (Ge'V) eXCIUded at 95% C|L|
SLAC Summer Institute
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First pb-'s above 206 GeV:
Flrst thrllls at 115 GeV/c?

ch=83.0 Ei‘l =194. Ewi=124. El
W2 =i =|___|

 Mass 114.3 GeV/c2;

e Good HZ fit;

_ e Poor WW and ZZ fits;
Missing : : * P(Background) : 2%

Momentum-¢= > 5/b(115) = 4.7

= Tra

The purest candidate event ever!

b-tagging
(O = light quarks, 1 = b quarks)

e Higgs jets: 0.99 and ;
e Z jets: 0.14 and 0.01.

SLAC Summer Institute
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A few candidate events at 115 GeV/c?

Run=56065 Evt=3253

31-Jul-2000

s/b,,c: =20

c

Mass: 112 GeV

27-Jun-2000
Mass: 113 GeV

ALEPH | 21-Aug-2000
: Mass: 110 GeV

SLAC Summer Institute
August 13-24, 2001

21-Jul-2000
Mass: 114 GeV
s/b,: =04

DELPHI

s/b,,c =052

27.June

14-Oct-2000
Mass: 114 GeV
s/b,,: =20

roweak Symmetry Breaking at LEP and SLC 33



The 14 Most Significant Events

s/b > 0.3: Expected signal-to-noise ratio of ~1

Number of events
compatible with s+b

Expected: 7
Observed: 14

Number of events In ALEPH: 6
in each experiment .
compatible with being Inl3:3
democratic In OPAL: 3
(~1.6 bkg expected) In DELPHI: 2

In Hqqg: 9 (70%)
In Hwv: 3 (20%)
In HI'l": 2 (10%)

Number of events
in each Z decay
compatible with

HZ predictions

SLAC Summer Institute
August 13-24, 2001

s/b R(ZCG;VT:%S Channel | Expt
4.7 114 Hqq | ALEPH
2.3 112 Hqq | ALEPH
20, M4, | Hw L3
0.90 110 Hqq | ALEPH
0.60 118 Hee | ALEPH
9,5’2’0.7 113 Hqq OPAL
0.50 111 Hqq | OPAL
0.50 115 Htt | ALEPH
0.50 115 Hqq | ALEPH
0.49 114 Hvv L3
0.47 115 Hqq L3
0.45 97 Hqq |DELPHI
0.40 114 Hqq |DELPHI
0.32 104 Hvv OPAL

Values as of Nov 5", 2000
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A Few Consistency Checks (1)

Compar/'&son of the four experiments:

CALEPH| | | L DELPHL )

l | I
1 : |
| H |
| : |
| ;
— ._.‘ _._..i.. -
: ! : I
H | H |
: | ; - 1
: ! I
H | |
; I i : |
: | : : |
; ! ; ; !
: | : H |
H H ; |
: : : |
H | H
4—4// I I
: | Il 1 1 :I

-20 -10 0 -20 -10 0

o Observed |
- —— Background j{;
:_—Slgrial ]
{(1156eV/cd) /it

-20 -10 0

Good consistency with s+b distribution;
Not an “ALEPH excess”, but a LEP excess

SLAC Summer Institute

Comparison of the four channels:

. ,J,

-20 -10 0 10

}—Obxerved F
[ E e Bafj;kground
_SIgnal
| i 1 | 1 |

T R L L
-20 -10 0 10 -20 10

Good consistency with s+b
according to expected separation;

Not a “4-jet excess”, but a Higgs excess

August 13-24, 2001 Probes of Electroweak Symmetry Breaking at LEP and SLC 35



A Few Consistency Checks (11)

Distribution of s/b for
the whole data sample:

Excess visible
all the way
down to ~ 0.1

Events

Cutting tighter or
looser on s/Db:

Good Consistency with
Signal+Background
Hypothesis
For Any Purity Cut

Expected Background

Not a “cut-around-the data” effect

SLAC Summer Institute
August 13-24, 2001

250

200

150

100

30

Expected Signal

0.3
* Data 243
[ ] Background 215.45
] Signal 16.36
e e — S a5 v
2 -1.5 1 -0.5 0 0.5 1 1.5 2
Final Variable log 10{5/B)
0.3
— Background; 3= — Background .
—-"Signal i Backg round | § 25 Signal + Background 7¢]
[ i i L Y . ] i -
i i ) 2ﬂ SIS S
Y 5
= 15
— '..i ........ E
e
- e
s
il g E
0 5 10 15 0 2 4 6 8

Expected Signal
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A Few Consistency Checks (111)

* Regular increase of the significance; Minimum of the log-likelihood as deep
* Overall compatibility with m,, = 115 GeV/c2. as could have been a priori expected

Significance for my = 115 Gerc2 (02-Nov-2000)

") 4] | ' : ! Patrick Janot & g
o s Cnastsbeldw 102 Gav : : 3
e - ; : 1 1 !
g 35 1. CnastsbetWeen 102, Bnd 102, 99 e NS NN N N
-g ] I Cury ent sensifivity
2 ] cl b 1[]4GIV i i i jo8e
& basts aboye a R T e e
PRELIMI NARY | 2og
g 25 5 5 | :
= 7 : i
c i OCbserved
'E%ﬂ NovSi’d
SO | PRELIMINARY | 4/ | ,
: ESE}Jt5th§ _2[]_|I|||I|||||||I||-"|'|||||||||||
| Obsetved | 16 108 110 112 14 116 118 120
i Jule‘Dth i i i i
| - - - M, GeV/¢
| . . . When interpreted/as a Higgs signal:
Reduced by Ohalf a sigma on July 10, 2001 +07
0 S P e T e e T e - .
23 30 75 100 125 150 175 200 mH - 115-0

_o.a CEV/C?

Days in 2000

Increased by half a GeV/c? on July 10, 2001

SLAC Summer Institute
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A Few Consistency Checks (1V)

Question: Is the background understood
at the kinematic limit (115+91 = 206 GeV)?

Answer: Let's have a look at lower energy
data (500 pb! between 183 and 205 GeV)

~ 30 . . .
@) [ T R .
I= £ Ba ’grnﬂ.nd Gnly
(Y Po3 : . .
' 20 i
. —'- Hlstnrlcally Observecl
o b s __\_1 “Ohserved at 206.6 GaV
: £ "‘ | E .-***i‘; : T
10" Observed
below 205 GeV
=20 e mkgrdijndfsignal
_30 ol v L 1 | | | ] |

5 4 3 2 4 0 1 2 345
M, +M,-Vs (GeV)

What would have been observed
iT the excess above 205 GeV were
due to a systematic effect !!!

S

Question: Why is there a 20 excess all the
way down to 100-105 GeV

Answer: It is as expected for a 115 GeV/c?
Higgs signal because of mass resolution.

30 TR
LEP,

Itlllli‘lllllllII|III|III
" LY

“\W: % | Observed

2 In(Q)

O ..."..l - . '..:._'.\-ii'HHfH"
—— Observed / A

1 Expected witha |
220 1 115 GeV/c? Higgs | "4

- _III|III|III|III|III|III|-":I-:II|III|III|III
30100 102 104 106 108 110 112 114 116 118 120

m,(GeVic')
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2001: A Spoilt Odyssey

e With six more months in 2001;
e With a integrated luminosity of 200 pb-i;

e With an energy of 208.5 - 210 GeV,; _
(made possible with add’l cavities and a few tricks) 10 -

20 (S/B = 2.0 around 11

25
1 2001 expected mass spectrum:
5~‘GeV/c2)

Events / 3 GeV

15 -

The 30 evidence could have been turned into ,

07""\""I""\""\""I""I

+O6 = 60 70 a0 Q0 100 110 120

A 5-5 0.9 G dlscovery Reconstructed my, (GeV/cz)

l > 157
§ | Background subtracted:

2000 observed mass spectrum: % 10 |
8 | £

-+ LEP S/B=2.0
P :_ —— background 5__

mmm hZ Signal

4 L (m, =115 GeV)
g I T 109GeV 0 |
> [ = 350 1% ] ‘*_ | | |
'| N NP B B .|..+|. ! _5||7283||gnalelvents
0 20 40 60 30 100 120 60 70 &0 90 100 110 120
Reconstructed Mass m,, [GeV/c’] Reconstructed my, (GeV/chH
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Ongoing Combination (still preliminary)

~—-,,_25 ':1r||1r||1r'[||1[I
-
£ 20 LEP
L
v s F
10
0
-5
- Observed
—————— K ed backaround "
-10 - - F::ﬁ:ex]iwnig1+hﬂxkﬂ ond & 2
e T-Lh[&- ul}bm,hf,r rld| 3
-15 TR R e A N, 4 N __IIJ_|II_
100 102 104 Iﬂfi 1058 410 112 I.Hf 116 118 120
56 r 08 S/ m{GeV/ic™)

2) DELPHI data being reprocessed (deficit?)
3) L3 final, ALEPH and OPAL quasi-final

4) ALEPH, L3 and OPAL (all in excess with
respect to the background) combination
still leads to a 2.90 excess.

SLAC Summer Institute
August 13-24, 2001
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0—370 25 20 -15 10 -5 ] 5 10 15
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40

Probes of Electroweak Symmetry Breaking at LEP and SLC



e Precision electroweak measurements:

\ | |
+57 +15 GeV/c? with 5 more years
mH = 108 - 138 GEV/CZ (two at the Z pole, three at high energy)
« Direct Searches (~2-30 effect) » Impressive Consistency |
+ 0.8 : :
m, = 115.6 GeV/c2 Could have been confirmed in 2001
H - 0.7 ) Am,, = 100 MeV/c? with three years

About 5-10 years needed for a confirmation

 Lots of upgrades still to be done to reach 15 fb-1 in 2007 at the Tevatron;
 Lots of things still to be done to make LHC start in 2007,
 The end of the decade might be hot.
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