[1 Precision measurements at lower energiesl

e Introduction

e Measurements of electroweak quantities on the Z
e Measurement of myy

e Theoretical aspects

e Study of CP-violation in the B-sector
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Introductionl

Interest in precision measurements
Test consistency of the theory on the loop level

Two types of loop corrections:

e universal corrections to propagator

parameters:

— Ap: absolute normalization of Z couplings

— Ak (sin? Qéff): effective weak mixing angle in
Z-termion couplings

— Ar: Relation G, < myy

e vertex corrections (only interesting fir b-quarks as
partner of top)

&
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Contributions to loop corrections

e corrections from isospin masssplitting
(oc m? in SM)

e corrections from Higgs sector
(o log(my) in SM)

Contributions to vertex corrections for b-quarks

e corrections from b-t masssplitting (oc m%)

e corrections from charged Higgs sector and its
SUSY partners, if exists

e corrections from special role of top-quark e.g. in
technicolor models
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Aim: see effects of new physics in precision data
Historical example: Top mass prediction (1993)

Fit to all electroweak precision data gave

My 5= (164 + 17(exp.) £ 20(my)) GeV
X 1k *

Y M, =1Tev

: it M, =300Gev |
i TevatronOli — M, =60GeV 7
0 ‘ I : ‘ ‘ ‘ ‘ L ; ! ! | ‘ ‘ ‘ ‘
100 150 200 250
M (GeV)

In 1995 the top-quark was discovered at the TEVA-
TRON with m¢ ~ 175 GeV

Hope at least to repeat this with the Higgs Boson
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LEP4+SLD+TEVATRON measure electroweak ob-
servables on the permille level

Quantities:

e Z-lineshape: Partial widths of Z — ff, Ap, N,
e Asymmetries: Weak mixing angle in Z-decays,
sinZ6¢
eff
e b-quark partial width and asymmetries (R, Ay,)
Mass dependent vertex corrections

e \W-mass: Ar
Present situation:

o LEP: ~ 4 x 4-10Y Zs with unpolarized beams
~ 4 x 500 pb_1 above the W-threshold

e SLD: ~ 5.5-10° Zs with P ~ 75% electron po-
larization
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Assumptionsl

e The linear collider can produce ~ 10 Zs on res-
onance
(corresponds to ~ 30fb~! or 50 days)
L=7-10Pem 27t = 230 Hz of Z — ¢q

e similar luminosity is possible near the W-
threshold

e clectrons and positrons can be polarized with
P.— = £80%, P+ = £60%

(corresponds to an effective polarization of
P +-|—73€_

e

ip B~ %)

e positive and negative polarizations can be
switched randomly from bunch to bunch (or
train to train) independent for electrons and
positrons

e polarimeters are available for relative measure-
ments
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Lineshape parametersl

Cross section around Z-peak:

op(s) =
/ my (3 - m22>2 + (an)Q FQZ

+0int + 0~ + rad. corr.
Do~ (1+ AT
0
Phad = (14 s/ + ) Thon

Minimally correlated observables:

myz
['7
ohad — 1}33 FeFFQhad
7 L7
Rf — Fhad
z

= Need to scan

= Need absolute cross sections
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Assumptions:

e relative beam energy error around Z-pole: 107°
= Al'y /Ty =0.4-1073
(Currently under debate if AE, = 107 is pos-
sible and if beamstrahlung and beamspread are
enough under control)

e selection efficiency for us, 7s, hadrons (and exp
error on L) improved by a factor three relative to
the best LEP experiment
= ARy/Ry=0.3-1073

e theoretical error on luminosity stays at 0.05%
= Aol /ghad = 06. 1073
(again if beamspread /-strahlung understood)

Improvement on lineshape related quantities:

LEP Giga-Z
my | 91.1874 £ 0.0021 GeV | £0.0021 GeV

as(m?)|  0.1183 £ 0.0027 +0.0009
Ap | (0.55+0.10)- 1072 | £0.05- 1072
N, 2.984 + 0.008 +0.004
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scale DELPHI analysis:

R, = 0.21634 + 0.00075
+ 0.00028
+ 0.00030
+ 0.00027

stat dat + M C)
uds — bg)

c — bg)
hem corr)

TN N N N

DELPHI working point: &, ~ 30% purity ~ 98%
Possible for TESLA: g ~ 40% purity = 99.5%

e statistical error down by a factor 20
e c-background down by a factor 4

e uds-background mainly from gluon splitting to bb
can be measured much better with TESLA

e hemisphere correlation is mainly QCD
— detector resolution factor 10 better than LEP

—losses are mainly due to mass cut (Lorenz in-
variant)

—energy dependence should be much smaller

— also this source should decrease by a factor 4-5

e AR, = 0.00014 should be possible (factor 5 to
LEP)
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AR

Definition
o = oyll— Pt Pe— + ALR(P€+ - Pe_)]

with P+ (P,-) longitudinal polarizations of the
positrons (electrons)

A1 R measures weak mixing angle sin2€£ﬂ::

Alp = é@
IV 19 Al
Ay = D D
gy + 9al
WL 1 — 4]y sin®0
9 Al

o sin29£ﬂ: is a very sensitive variable to see loop cor-
rections to the Z-couplings.

e A1 R is the variable most sensitive to sin2(9£ﬂ:
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The (extended) Blondel scheme

Four independent measurements:
(4 combinations with positive/negative electron/
positron polarization)

04t = Oyl =P+ P + ALr( Por — Pp-)]
0t = 0yl + Pt Pe- + ALR(—=Pe+ — P,-)]
0r— = oy |l + PotPo— + ALR( Pet + P,-)]
o__ = oyl — P+P.— + Arr(— P+ + Pe—ﬂ
—> A;pr can be measured without knowing
P+, P,

Ap — (044 +to -0y —0 )(—04y+to 4 —0r +0 )
(oyy+0 14+o0 +o0 )04y +0 1 +0i —0__)

About 10% of the statistics is needed on the small
Cross sections

Only difference between |Pi| and [P 1| needs to
be known from polarimetry

Can be brought under control with polarimeters a

la SLD
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Polarization difference (AP + = |P | — [P x|):

e Need SLD like polarimeter

e Asymmetry in one polarimeter channel:
A; = a;P:P~ (a; =analyzing power)

e Laser polarization can be switched pulse to pulse

e Allow for different laser currents dependent on the
polarization

e Need two polarimeter channels with different an-
alyzing power

e combined fit of Z-rates and polarimeter rates can
get AP+ and a; as well

e However need polarimeter counting rates about

10 times the Z rate (ok for SLD)
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Statistical precision:

107
AAjp = 4-107° N,

Systematic uncertainties

o Beam energy: AArp/Av/s ~ 21072/ GeV
= need A/s ~ 1 MeV relative to my

e Luminosity difference: Only relative precision
needed.

Should be no problem if luminometer inside the
mask 1s possible

e Backerounds: To be kept below 10™%
According to LEP experience no problem

e Beamstrahlung: AA;g = 91074
Needs to be known on the few percent level
(partially covered by Z-scan)

Assume AArp = 1074 = Asin29£ﬂ: = (0.000013
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Without polarized beams (LEP) the forward-
backward asymmetries can be measured:

() ()
g 9 —0p
Arp =~

or
3
— ZAeAq

With polarized beams (SLD, TESLA) the left-right-

forward-backward asymmetries can be measured:

oi'p = otp — ofr + o

o0

q -
ArB,LR = <
q

9L

3
PAq

Statistically factor P/Ae ~ 6 more sensitive to A},
However most systematics scale with the asymmetry

Two main techniques: leptons and jetcharge
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e Statistical error A4, ~ 4-10~% in both cases

e Light quark systematics can be reduced by a
(harder) lifetime tag

e Lor jetcharge reduce hemisphere correlations by a
thrust cut

e leptons will be dominated by B B-mixing
(statistical error!)

o A total error of A4, =1- 1073 seems realistic

Similar improvement as for Ae

2092 T T T T T T T T T T T T T T T T T T T
< L

091 1 LEP+SLD

0.89 | i
088 | :

I L AR T R S T NN S ST S S T L |
0'85. 146 0.147 0.148 0.149 0.15 0.151
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Best possible method: threshold scan

o spend 100fb~! at /s ~ 161 GV (1 year!)

e polarization is very usetul to enhance cross section
or measure background

oww = 3owb?t P =08 P =06
oww = 0.1owb? P =08, Py =—06
e assume efficiency/background as at LEP
e perform H-point scan

e assume point to point systematics negligible

e beam energy is known to well below 5 MeV
(A relative calibration to the Z-mass is fine)
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=
o

WW cross-section (pb)

L1 1 | 1 L1 1 | 1 1 1 | L1 1 1 | 1 1 1 | L1 L1 | L1 1 1 | L1 1 1 | L1 1 1
158 159 160 161 162 163 164 165 166 167
Centre-of-mass Energy (GeV)

OFRPNWPMKMOUIO N OO

=
Q
@

My i= 80.35...80.43 GeV

=
Q
N

=
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

)/Crossrseciii on(80.39)
=

50.99
098 | [ \ . . : : : : :
T T T T T B T R TR T T ¥
g Centre-of-mass Energy (GeV)
$)
Results
Aefe =0.5%, AL/L =0.25% Amyy = 6 MeV
Ae/e, AL/L fitted Amyy = 7MeV

Measurement is statistics limited
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Precision data and the LHCI

myy

e LHC has infinite statistics for W-production
e two main sources of error:

—energy scale of the detector
— parton distribution function

e Amyy = 15 MeV might be possible although ex-
tremely difficult

SiIl2 Géff

e in principle sin? Héff can be measured from for-
ward backward asymmetry qg — ¢4~

(At /s =my Alp = JAA))
e select events with m(¢™¢~ ~ my and large boost

e the high energy quark is then on average a valence
quark, the low energy one a (sea) antiquark

e possible statistical precision A sin? Qéff = 0.0001

e unclear if systematics can be brought to this level
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Interpretation of precision measurementsl

Parametric errors

e largest effect: Running of «
(a(my) = a(0)1—x4)
— Using data only (without the latest BES re-
sults) (6(Aa) = 0.00065):
Asin?0g = 0.00023, Amyy = 12 MeV
— ~ factor three improvement using perturbative
QCD at low energy

—with o(ete”— had) below the T to 1%
(0(Aa) = 0.000046):
Asin?’s = 0.000017, Amyy < 1 MeV
e 2 MeV error on my gives
Asin?0%; = 0.000014, Amyy = 1 MeV
(if W-mass calibrated to my)
e Amt = 1 GeV gives
Asin?6’y = 0.00003, Amyy = 6 MeV
= no problem with LC precision of m¢ (<
200 MeV)
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SM and MSSM make accurate predictions for
sin29§ﬂ: and myy
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If no new physics found up to then:

Standard Model Higgs can be predicted to 5% ac-
curacy:

N 20:.....
x -

15

10

Can test the theory if a Higgs of my ~ 170 GeV is
found
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Possible scenario inside the MSSM:

e some SUSY parameters measured at LHC e.g.
stop sector

e however some of the parameters still uncertain

Precision measurements can constrain allowed
SUSY parameter range

16 T T ‘ T T ‘ T T ‘ T T ‘ T T T ‘ T ‘ T T ‘ T T ‘ 1T

- MSSM@GigaZ mi: 340 + 1 GeV ,

14 — sineY =-0.69 +0.014 —

B -m-t-=64OGeV, 6m-t~=1OGeV |

127 2 2 ]

- -m~t-=520GeV, dm;=1GeV -

10 — —

o L :
g 8 7
6 L —

4 I —

- — 1

2 I —

71 L1 ‘ [ ‘ |11 ‘ [ ‘ L1 ‘ |11 ‘ L1 ‘ |11 ‘ [ ‘ L1 17

0
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
M, [GeV]

In this example one can get a fairly good measure-
ment of tan 3 and some ideas on m 4
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Model independent analysis (e, ST parameters)

e =1 ('T"): absorbs large isospin splitting corrections
e =3 (5): only logarithmic dependencies

e &9 (U): additional (small) correctins to myy

T
-0.3 -0.2 -0.1 0 0.1 0.2
7 [T I [T I I I ]
- 68%cl. e=e(SM) - 1 0.2
6.5 | |
6l 101
55 | ]

(")9' - | O
SRS 17 »
w -

45 |
I , -1 -0.1
4f LER/SLDITev
: Itgc ______ T A(AGE)=0,00026
35 had -0.2
e LC,nom, — A(Ad‘Sa ))=0.000047
3:..|....|....|....|.. A I IR

R B!
35 4 45 5 55 6 65 7
slxlo3
e dramatic improvement in my direction

e improvement perpend. to my largely due to myy

e significant Higgs constraint independent of 1 (T)
possible

Milano, March 03 Z—factory—23 Klaus Moénig



E.g. exclusion of a two Higgs doublet model with a
light Higgs

(that cannot be excluded by direct searches)

S,T for U=0 and Ay, in No—Discovery Zones

(0.35 L 0.35 ¢
C 0 = 0
0.3 - h° vs=500 GeV 0.3 — h° vs=800 GeV
0.25 = now 90%c.l.| 0%° =
0.2 = 02 =
0.15 0.15 —
01 = 01 &
0.05 — . 0.05
o E GigaZ/90%c.l, o E
—0.05 ; GigaZ 99.9%c.l. —0.05 ;
-0.1 — -0.1 —
_01’15;\‘\\\\‘\\\‘\\\\‘\\\\‘\\_0‘15;\‘\\\\‘\\\‘\\\\‘\\\\‘\\
-02 -0.1 0 0.1 02 -0.2 -0.1 0 0.1 02
S S
035 : 035
03 - A% vs=500 GeV | 0.3 = A% vs=800 GeV
0.25 0.25
0.2 — 0.2 &
0.15 — 0.15
0.1 = 01 =
0.05 0.05
0 - 0 -
-0.05 & -0.05 &
-0.1 [ -0.1
_0‘15;\‘\\\\‘\\\‘\\\\‘\\\\‘\\_0‘15;\‘\\\\‘\\\‘\\\\‘\\\\‘\\
-0.2 -0.1 0 01 02 -0.2 -0.1 0 0.1 02
S S

For these types of exclusions myy is important!

Milano, March 03 Z—factory—24 Klaus Moénig



Ry, is sensitive e.g. to masses within Supersymmetry
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CP-violation Studiesl

measure time dependent asymmetries

N o(t) - N—()(t)
Alt) = Ngo(t) n N;(t)

= Qcos COS Ami—+agy, sin Amt

mainly two examined decay modes

e B — J/UKY
— Qg = — SN 203, acos = 0
e BV — gp—
— gy = — sin2a;, acos = 0 if penguin diagrams
can be ignored

— however agi,, acos modified by penguin contri-
butions, hard to calculate

— can be disentangled by measuring branching ra-
tios BY — 7tn— BO—>7T 7'('0 Bt — xt7

Experimental analysis:

e identify initial state b-charge
e reconstruct decay mode

e measure eigentime to decay (easy in LC environ-
ment with fully reconstructed decays)
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total statistics: 4 - 10° b-hadrons

Tagging of primary b-charge:

e Polarization gives primary flavor tagging “for free”

D 4 - T T T T T T | T -I T | T I+ T | T T T | T T T T T T | T T T | T T T T 'V T E
8 - —— P’=+08P =-06 , ]
s = - P’=-08P =+0.6 E
5 3 B weveis P'=+0.8 P =+0.6 - e
o EONL - P=-08P"=-0.6 e .
o - . Ko —
S — T E
R 2 el O e -
3 E T N ]
o o e NG e e -
< T

0 E-T-I--Il-l--l-:“-'l-l Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il |E

-1  -08 -06 -04 -02 0 02 04 06 08 1

b quark cos 6

0.5 = T T T T T T T T T T T T T T “J)\ '7|,' T T T T T T T T | T T T | T T T B

C [ 0 —
S = . =
E 08 Eoococmmmmmne= ™™ T L N o
g ;_ ““"",’ ''''''''''' _;
> 03 T N el =
c /L N L TT TP 3
O - =
02 E =
01 F — ~ =

0 g Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il | Il Il Il g

1 -08 -06 -04 -02 0 02 04 06 08 1

event thrust axiscos 6
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Final state identification:

e Missing particle ID can be replaced by excellent
momentum resolution

> 250 B T T T T | T T :l T J T T T T ] > : T T T T | T T ;l T j T T T T :
| | | 1 @ | 1 | | .
8 B no dE/dx | | 18100 [ with dE/dx | | ]
8§20 s 18 - s i
e : - 12 80 [ L -
2150 Bl 1£ : ik ]
o - | 10 - ANk -
5 B | T 5 60 - | | .
100 - - ]
B . : 40 — ]
- B K | . B }
0P 1 20 -
0 bx -—-i L 1 1 i 0 7!-!'!1!!'-!-—‘-! |url "" XXX A |l =1 l l ]
5.1 5.2 5.3 5.4 5.1 . 52, 5.3 5.4
B~ . T 1T mass/ GeV B~ .10t mass/ GeV
Results

sin 23| “sin 2a”
BaBar | 0.12 | 0.26
CDF 0.08 | 0.10
ATLAS| 0.02 | 0.14
LHC-b | 0.01 | 0.05
TESLA| 0.04 | 0.07

Not the best, but interesting cross check!
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Branching ratios B! — 77Y, BT — 77!

e needed to disentangle direct from penguin contri-
butions in BY — ntn~

_l_

e only possible in e"e™ -machines

e Needs at a linear collider:

—b-tagging opposite to signal hemisphere for bb-
selection

— anti-b-tagging in signal hemisphere to suppress
other b-decays

— good calorimeter resolution (mainly spatial) for

mass measurement
10 L L L L L I B B B

50 rTrrrTr7 rrrry7 T T T T 7 T T 1TT

8 F0=150MeV 0=120 MeV

30

events/ 0.05 GeVv
events/ 0.05 GeV

20

10

IN
I T ‘ T T ‘ T T ‘ T

0 IIII|IIII|IIII|I Illlllllllﬁlr—l

45 o 5OO 55 . 5+0 55 6
B'5 Tt mass/ GeV B'5 1t mass/ GeV

N
mj\\\‘\\\‘\\\‘\\\‘\\\l
N
N
o1

(Resolution depends strongly on the calorimeter de-
sign)
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Finally a signal should be seen above background

=
N
o
I
I
=
(]
o
o
I
]

g 1%
120 & —
S 13 800 -
3 100 13
% 80 E %600 =
60 1 400 -
40 -
200 —
20 —
0 . 0 R A S A A A et e
4 4.5 0 5O 0 55 6 4 45 . 5+ 0 55 6
B'5 Tt mass/ GeV B'5 1t mass/ GeV

ABR(BT—r"n") | ABR(B"—7"7")
BR BR
(5-1079) (2-1079)
BaBar (300fb™1) 11 17
GigaZ (107 Zs) 15 24

Competitive with 107 Zs, leading with 1010 Zs
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B SFS—osciHationsI

e “colden” mode: By — Dgm, Dy — ¢, KK can
be reconstructed almost background free

e proper time res. dominated by vertex res.

N T ‘ T T T T ‘ T T T T — | ‘ -
% : 210 F 19fs  [L E
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8 - 1 3120 F -
o L 4 ?) C i
E 200 :* *: *g 100 :* *:
o C ] - =
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100 ] N ]
- 40 .
0 F E 20 |- -
L1 L - - e | ol .

53 54 55 5.6 -0.2 0 0.2
B mass / GeV At/ ps

e Amg ~ 40ps—? possible with 107 Zs

e resolution limit around Amg ~ 8OpS_1
8 :I T T T T T T T T T T T T T T T T T T T | T T T T | T T T T | T T T I:
8 : . ]
§ 7 ————— —— 1cm beampipe E
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Z 4 F E
2 b 9%exduson e ¢ E
N
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Conclusions on lower energy runningl

e With less than a year of running on the Z huge
progress on some important electroweak precision
observables can be made

e With an additional year around the W-pair
threshold also a significant improvement on myy
can be obtained

e [t seems that with some effort at Beijing/ Novosi-
birsk the running of o can be measured to a high
enough precision

e Only with the precise data from TESLA the ex-
perimental measurements can match the theoret-
ical predictions after the Higgs is found

e Some interesting cross checks in B-physics, how-
ever no “golden channel” (yet)

Milano, March 03 Z—f&CtOI‘y—SQ Klaus Moénig



