7 Universality and Precision Measurements

T.Rizzo
Stanford Linear Accelerator Center

Tau-Charm Workshop
SLAC
August 16, 1994

720



T Oawersaliy and. Preasion, WMuessorement s

{ /
O
" v
) ce o Ta , Michel pavemebers W T,

-

/\mpofkn* mhrploj_.. —_ X'Z

‘LEP vy SLD
, D - F O - -
W) "Ne 1 el wm et v el letp

®  ‘some Models of  OUniversaliry Violanon

4 ) wix T with exotey

W z-2 mixmg W/ 2, having gen. dep. covplings

asemm——

“‘() 3w¢ T a WnNew mivingic ?ropuib . k;)},
How ave -\-,hej c\oms ? Su\&dwm) ?

@ i Condusien S

v FqY

- 721 . TER:22C



S %

@ s THE Clessic dest of T Unwersality

=? nput [ Mg |B¢,p. ® sm RC é)t}-

=h owtput I T, 2f Gt/op . leoks excellent ‘

(rcmcanv-D

G-g " t-dv¢
Gy

13
—_— | a 0(%%—3) = 13 0016") !
\-bor, Sm

e Bur..  Bswm large wor-uniVevsals may  exity which mey be tisn-/:ct-hf

T
i e 3 - -3
¢€.%, —7\-\0(-“--;3 ﬁnf) s |4000 ) !,
| L probed o+ T F |
_—
michel Pacameters 1 18 TV, W V-A ?
-_—'“A: " [ ] .
LE Y LEP ¥ (swain) "wa
f 0.730 1 0.0206 0.742 20.041 (A) 6.7341 zo.e1a
§ = 0.2310.13 (*,U) o.2)20.13
} ©.90% 0./2 Lo $ o.13 (ALY) Lor2e.1y %
] s.od0.1? 2012 - 0.0320..020.12
*
h .28 £ 0.26 0.45| 20.052 (A) ©.46S 2 0.057

v DreSSIe 7 V(v\s “"(‘ ) s“'( so Wwhat ?

= implicalony Jov precision
EW weasuremert

[ N

-!_ DPF ‘ay (conflict wian G lasgow)
? (Yatrerson)

722



XA

[ (. s 7

ARV L RIVR T OEEISE

This is The defmmion

a(n..)().s 1\);(53“\3\\—)) *0( )]

1

ey well Known QED
(owelhon

\ [

———
O——



LX44

i

. : ' ‘ N . . 4+0.18 40,20 i |
‘ - ‘ , <7
o . REBC T DPFA R e .
305 T T T T l T il LI | l T T I T T )
T BEPC I wmez1779.023.% meV ’
- LEP . Bp (Moriemd “44) 7
- t e =
300 [~ % o“‘u(vsr.\'b asS\;ch. ]
—~ 295 — ]
m »
o’ - ]
- _ -
[
I 5% . 6.4485 20.0057 | |
Gp '
290 — —
- betdey =5 to.0010 7
_ tn -
I o at 2cF I i
285 L1 1 1 1 1 I N N T |
0.17 0.185 0.19
X
( wmg=1333.00 20.20
Parresson o Clasqow
Ty & 240.8 2.5
Be = 13.60 2ol - 0-4956 1 0.0035 ~\leo low

R. = (3.\21o.V&



1A

|

CLED

_Pa++¢rgon e Glas qo W

0.5

oS

0o

.50

o

o

o1

o oz

o

0.8s

Vr HELIlLITY
| ' MAC
® CONSIDER T—>TTV ARGUS
> ALEPH
T > \%(-—-0—-)11' LEFT- HANDEDVC FA(TWA%us
T we—3\, RIGHT-HANDED 1, SLowT
" ARBUS
s TAU HELICITY CORRELATION
| > ,_ ARGUS
T€ZZ5T  rRoM 5PIN £ ¥*Z  ALEPH
" 2
. .
MOUFEATTUM  CORRELATIONS IN %\; EVENTS
CAN YiewD V. HeLlcmy’ ALEPH
- 3
‘ALEPH
@ |SOLATE TT SAMPLE: evsu,evsT.. ARGUS
06|HULTANEOUS FIT FoR p,m,& .S hu;sPt CLEO
ARGUS
¢USE T->py vs. T2pv ENERGY
AND ANGULAR CoRRELATIONS

TO EXTRACT Wy
CLEO

®USE T-2TV v$ T->TV TO EXTRACT hyo (2

0.35

055 05 045

05

A ]

v

0.6

L’%‘:/l ) |'! i
. "' )

i

AND g HEL\CJT'

P

"lot x0.04 t0.03

01 to.10 £ 0.10
042+ 0.03S £008720
0148 £0.0321 00260
0.7125% 0.03L + 00200
07157+ 0.024% -

0.03t0.(§x0.\2.0 /()

| ©.40£0.15£0.10

.13t 00120070

29 todq @
.03 £ 0.2

079 £ 0.1 £0.0b @

033+ 0.57@
077S £ 0.\

125t 023%Q'5,

0494 t 0.0b T 0.090 h
1022 £0028t0.0300 ! 1}/

0.4S1t 0.051£0.028 0
1.00210.032

o=NEW /



TEP T, damm

s & MC‘lof Source of 1Lhe Con{‘m? with SLD

. © . LEP
owLY S$\wn (77 Pr, (Glusow) - "f-_{-_f s O.2325 fo.cco§

A (5L — W & ©0.228430.0000
HOUOQNT : LEP GCTMA”D mealvres S'Pt 6? T4
» h- "'z for T e, 5,
¢ Asimes V-A for TRW e FrEhc=l
A—————

{... which has prompied Lthem +4o  mesivre s,h, Slf;... !I

(dovble coveelanens)

C I s the wight of the T2 date | then

Yt . 2w K - ?""“ . k. 2l
L Y PR T T o= 14w

1 \ \ actual o0
v ' . Ve A Hj\wt\-uis —
appavent o =

[-]
Cvane d retuly YL‘.( TU.1%20,0004

Where . kz § T+ (14K , f.mm‘ = 0.27¢7
. C "™ (wo wnew retu “’
.o but HAsolb!
o k<1 - Xeff € Xo -f::,:f?vo)
K . model ~independens approsch — hle § , h  Ffowm datm v

a llow le  Vvuriaton .

[ ]
—» Xey{ = 0.231\ 2o.vc0q [ 4rs » o©.23103 ?0.000%0 ]

< 'Tey model' W) €~k UniwrSaling v purcly LH ce's
iy T Wy et o RW prece

Y ¢pT VUnwv, wm 3 Couplings ...

726



4

& = pid J"(L) ‘_gu_ 3';('(,) + 9.0 ‘J't(g)-l + hoc,

V2
Yo
| wa
-1
r S = —3—- ( av) < SAl v
7 = & Y X (ok,with 48)
michel's = § O ey /i
Chawae .., 9 5 = (43v) /(\4Y) > | v" -
= (\w)/(".-w) | <\ v <
L <o o v
s Use f:" 4o pavam ctevr 2 e l" 3 £ \ L P'o’l’)

—R\-l(. com  lower Xey  extvacred vewm ?T— .‘!-l

echads +0 0,231\ 2 0.0001
P ¢

- LEP will try b 30( be {dler 1'.5 (!; 3:3’.) '":C°

BUT_: < f Wlu ‘romovt this problewm CONP'H-C.S

Capm—

=t> 4% 200 Ah = 2 0.00Y4 |

e - Great 'n Hsel-() but will C\"'i:’ precision TW  peaturememd

‘N‘P with LQV/SLD datn  ConporiSong..,

mﬁj, be eutn more \mPof-hn‘\' [ 99 ?feusnon \mprauts

S———

TO As.ntev, = 10.000 lwﬂl

727



8CL

0.2325

0.2320

0.2315

0.2310

0.2305

L reduchen v (XNucked N
- R X
_ Y‘_‘-‘ g‘cm -\7.2 du( 4o < ., .
N o _
N RY y?_w wihevra hon 22\ N -
- ~N ~ -
= N
— —
i 1 1 1 I L1 1 1 l [ T I I ] ] l A T i

0.02 0.04 0.068 0.08 0.1

r o
l u(ﬂ_’?t‘o!-
2. T ) l. ; ] 'V
IR /31.L lmid g f

“v GK;ST"\') d(l"'“

\ﬂ\ic\\tl‘.‘/



(5.0
{‘Lep}d,ﬂh ® e-p Umvtﬁa‘ﬂj lmplj

( d L 3
— = lLoo4§ 20.004S (l) _A_f? = .é. » (.3¢9 2 0.1(4
= C e , , - oA ‘
Age A
4 o ? [1.02Sst o068t ]
' — ¢ 0.4511 £o0.094Yy "
L Py Acy * % AcA, ossumed

(not .neces. = Ax!)

o For discuttton T W assume JeXW o v L

o LE? wllabvoranons alio  alsume ZTe (8 VA .. Colot )

301\“““‘9
l‘.\z VK (’.m ﬁ_prouldu the best ©nstramnmts on

T Umv tYA‘\?‘j \;lo‘o'hvs3 medels

"Some Posab: limes ....

! ' '
c) X mixes wiih Some other , exohe Q=-I {ermion (g)

‘ {
thrw ‘“3"’ ¢ {‘hg &« S,_.., C‘..} = olA s+¢ndb5

Tav Tar

Seme o o wctov: ke Slnah"‘
’ij‘“‘ o A mirver dermion

ased> ’ .
: < - =h veewv-\ike doobled

-1 o 3o TYiplet
e & A0 REDWKES G /e = s, $0.10 ¢ayze
Se has nNo divect CC C-ﬂctr “ agSum ¢ S, TS &S ..,

729



0¢L

. , ‘ Schale € GlQSSQw 'qq 9“&
Combimed fivs o N

LEP + SLC L LEP only
!;,';l
697/ CL 657 C.L
-0.02 — ———— -0.02 —+—————————————
s . e'e ] T e'e”
r - 4 + -
N T ] A — p+u
-0.025: ........ o] -0.025 e TT |
T ] S
-0.03f ] -0.03} -
-0.035F ] 0035 ey ]
-004 B | ] -0.04 % M=200Ge ]
0.045— — | 0045 ——
0504 -0502 05  -0.498 0504 0502 05  -0.498

Assomc,s V-A TV“J“\'P'.

mel ZLL 15 v, & oy

( "n ror (ahen )



- "‘ z ‘ z ]
Ve = L -;-. 4 J-)‘-) * S, (T;._*/x) 4 Sq. T&L Mnrm3 ~mod;!c¢d
N y
' 2T Covplinay
aes(-4 ) 8 Cuen) -siTe o
_ ” J (Figs)
S T: £ 0.08 Vs ! Loof beteer
Mm: £ 0.0 VO : Zo.08 Than
cC...

‘ . ¢
i) T has oan  anomalous -magnuetic mement -dype

2
couvplin L £ ~ = .i?. 'EG Ye 2 e
Py ( Tew am. pY t

“e.old idea for 2 O9Y ... ... wrifols ¢

TRETAN  betrey | minded
' (Re)

iz-rcza’ . \kypt<o.tl

L { -
e Pog.-lw‘_ mdicahon -fcr Z-bb ) ,
{anothev ka(k) no & d Qn('\.\(n(‘_ )

A T
e :{i‘l’ 4o I . Pt YApg w/ €-p Umvucdtrb

2 4.1 -3
- X, = (—\.3_‘.5) . |0 e 4SSy CL
[O ("/zﬂ)]
. otT\
e As b‘}qf& .. \\MIT':"a:m1na1e(L 5\3 pt,t,h. datn
Y

~ one erder‘6§ maam'hc(g_ BEmeR thoewm New Kz

bound TRICTAW ié-w..- (k‘-- rectsion  TeF may )
n gvom ‘ Sur p“‘s -‘.e\smn

~ Note | [epronic asymmerries  for both Scemarios  still met

%

‘wﬂ& Com petanivw with P'S_ t@ f:j hr k“k
731 - ?
Mmore twmjormnt Lov Xn



rANA

I,/

- 1.02

1.00

0.98

0.96

1 v L 1 l ¥ 1 L ¥ I T ',' T I 1 L) ] | | I ¥ 1 ]
A% .
—TT L
- \.\ " ——
-\'\ \'\\\ B
~ . N
\.\. \\V\D(\g‘) -
\.\. VS (s‘.)'n....\\-l
T F \oi\l?u.s% \.\ : ‘o
S, bound o \.\;ﬂ (Su%) -
0.02-0.05 rany e ".\ i
N
‘« -
.\' |
lll_lllllllllllllllllllll\'
0.02 0.04 0.06 0.08 0.1
|s| |

6”84"' Lrers — - ce
. TUCF » Lt ot



€el

A/A

- 1.15

1.10

1.05

1.00 |

0.95

0.80

R ¥ T 1 | I T T T

: o

: 45 /,cl
TS T T T T T " - e

S N Bound s

: VS ]

] —1

o L1 1 I . 1 1 pl Lt 1 1 l 11 1 I L l-

0.02 0.04 0.06 0.08 0.1
. 1S\

ho bounds yeT..-



el

I, /T

1.02

1.00

0.98

0.96

— Le‘p
4 Bound
i as%
cL
<
" ''mn —
\ .
.‘ o
\
" -
.‘ i
1 1 I 1 1 1 ] I i1 1 I 1 'l 1 1 I 1 1 1 1 I .11 1
0.9 0.95 ‘ 1 1.05 1.1 1.15
a A,/A ™ '



- Uacdi, Roler NTommesin

Note that in the quark sector the limits on the mixings of the b are surprisingly
stringent. This is because both s} 2 and s%2 tend to decrease the theoretical value of
the partial decay width Z — b3 (I = [[s)sm(1 — 2.3s32 — 0.454,2) ) thus worsening the
already existing ~ 30 discrepancy between the SM expectation and the experimental
value. : '

Table 3: 90% C.L. upper limits on the ordinary-exotic flavor diagopal mixing angles for individual
fits (one angle at a time is allowed to vary) and joint fits (all angles allowed to vary simultaneously).
Only the results for A = 2, corresponding to neutrinos mixed with heavy singlets are shown. Some
of the results are preliminary. A complete list of final results will be given in Ref. [9]. In most
cases the observables more effective in setting the constraints are the LEP measurements of partial
widths and asymmetries2?. The limits have been derived assuming the values m; = 170 GeV and
My = 200 GeV for the top and the Higgs mass in the theoretical expressions.

Individual Joint Individual Joint

(s3)? 0.0016 0.0054 (s%)? 0.0022 0.012

(s2)’ 0.0020 0.0018 (s%)° 0.010 0.023
(%)’ 0.0013 0.0049 (s¢)? 0.0026 0.016
(%) | 0.0019 0.0040 (s3)° 0.0066 0.019
—i® (s7)’ 0.0011 0.0037 (s3)? 0.0036 0.019
—15 (sh)? 0.0018 0.0034 (sk)? 0.021 0.59 ?
T (s)? 0.0044 0.024
(s¥)? 0.0053 0.0053 (s5)? 0.0097 0.043

1 ) 0.0020 0.0052 (2)? 0.0017 - | 0.0031
— (7)) 0.0055 0.017 (s%)? 0.0091 0.015

3.8. Limits on a Z, from Eg from ordinary-ordinary fermion mizing

Es GUTs are well known examples of theories where additional fermions and new
neutral gauge bosons are simultaneously present. For a general breaking of Es
(rank 6) to the SM (rank 4) it is possible to define a whole class of Z, bosons
corresponding to a linear combination of the two additional Cartan generators.
We parametrize this combination in terms of an angle 3. Fermions are assigned
to the fundamental 27 representation of the group which contains 12 additional
states for each generation, among which we have a vector doublet of new leptons
(N E-), (Et N9)I. Non-diagonal mass terms with the standard (ve~)] and e
‘leptons will give rise respectively to ordinary-ordinary and ordinary-exotic mixings,
and in particular will induce LFV L and R chiral couplings between the first and
second generation, allowing for LF'V processes as py — eee!? and p-e conversion in
nuclei3, Very stringent experimental limits exist for both these processes!®?4. Due
to the expected suppression of the ordinary-exotic mixings, the LFV couplings in
the R sector can be neglected. We stress that the assumption that the only source
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