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g Electroweak Precision measurements and sin? eéff

« Key parameter in electroweak sector: Experimental
* a,Gy, Mz, My, sin”Oy Physical constants uncertainty
(relative)
 Effective weak mixing angle: Fermi Constant (Gy) 10-7
o sin?0,¢r = (1 —mf/m3) * (1 + Ak) Mass of Z (my) 1075
« Ak absorb higher order corrections Mass of W (myy) 107
Effective Weak mixing 10-3
f w angle (sin® O,¢¢)
f/f Wiz
H
H 0
Z/W Z/W Z/W Z/W
Zw 7 7 Important in global test and
° ’ ° . ’ physics search, but has a bad
Cow : precision.
YZ  t YZ
e b e b
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g sin? 6,;smeasurement at lepton/hadron collider

« LEP&SLAC (precision~0.1%)
« LEP: 0.23188 + 0.00021

* SLAC: 0.23098 £+ 0.00026 LEP + SLD | | . | 0.23153 + 0.00016
« Statistical dominant error LEP+SLD:AG | —o— | 023221000029
SLD: A, — o 0.23098 + 0.00026
¢ Tevatron CDF ee+up 9.4 fbo " - e 0.23221 £ 0.00046
e (0.23148 + 0.00033 (DQ+CD|:) DO ee+up 9.7 fb” B ——— N 0.23095 + 0.00040
. . ATLAS ecrun 48| . ‘ | 0.23080 £ 0.00120
« Statistic & PDF dominant error EER L = -
LHCb up 3 fb™ : . - 0.23142 + 0.00106
e LHC CMS uu 188" — o 0.23125 + 0.00060
CMS ce 106 | - c - | 0.23086 + 0.00085
* 0.23101+0.00053 (CMS 8TeV) - - |
CMS ee+up ————— 0.23101 £ 0.00053
° Almlng for ~0.1% in the future oz oo 0232 023
sinzef3ﬁ

* PDF, QCD & systematic dominant error
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The sensitivity of Apz/A,r to sin? 6’éff



g Asymmetry parameter A;

For the e*e™ experiment, we define an asymmetry parameter for
convenience:

A = 2-g{;/g£
- 2
1+ (g{;/gﬁ)

Where gV/gA =1—-4- |Qf| sin Hefff

ThUS Af = Af(Sln Heff)

lepton 0.1513 1.80
b quark 0.923 5.59
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g sin? Bleffmeasurement using Az & A,

» Fermion pair production ete™ — ff atZ pole
do
d cos 6

~(1 + cos? ) + 24,As cos b

¢ DEflne AFB — ZFIZB — AFB (Sin2 Héff)
F B

« We have A% = %AeAf

6 < m/2: Forward
6 > m /2. Backward

Z boson
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g sin? Bleffmeasurement using Az & A,

« For the collision with a polarized electron beam (polarization=2,)

pp— ~(1 — AP.)(1 + cos? 0) + 2(A, — P.)As cos O

Define A,, = =R ~_ where L, R is (event produced by) left hand (P, < 0)

oL +0R |Pel

and right hand

Thus, AYz = A4,
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g sin? Bleffmeasurement using Az & A,

* To estimate the error on sin? H(f,ff measurement, we can define the Sensitivity,
d(0bs)

S =
0 sin? Héff
3
0(>AZ 3 9A
« For A%y case, Spg~ _(42 el) ~=A, — Zel
0 sin Heff 2 d sin 9eff
9A 2
* For A%, case, S; p~ £ — = - Sep~44-8S
LR LR d sin?2 Héff 34, FB FB

A r 1S more sensitive to the effective weak mixing angle than Arp
(but need polarized electron beam)
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Error estimation of A,
measurement



g Statistical error of A,

According to the definition, Adpg = /_1—?1532

1.Tagging efficiency €.44:
N - N * Etag

2.Charge mis-identification (event level) f:

yovs. _ (L= PN + fNg) = (1 = /N + Nr)
e Ny + N,

= (1—2/)AP

AAphy. . 1- (Alggs')z . )
FB. = Je(1=2f)2 N tagging power = €(1 — 2f)
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g Final result of error estimation on sin? Béff

« CEPC proposed a 2-year running period around the Z pole (50ab™1)

« 1 month data~1.7 x 1011Z events

2022/6/29

collision energy  dsin® @5 in dsin® @ in
(GeV) lepton final state b quark final state
70 1.5 % 1074 1.1 % 107"
75 6.8 x 107" 3.3 x 1075
02 1.9 x 107" 3.5x 10°°
105 1.7 % 1074 2.7 % 107"
115 2.0 x 107° 1.8 x 10°°
130 1.0 x 1077 0.8 x 107°

TABLE I: The expected statistical uncertainties on sin? 8.

Results are estimated according to 1 month data collection.
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Error estimation of P,
measurement



g Measurement using P;

* Tau 1s the only final state we’ve known whose polarization can be measured
at CEPC.

 The definition of P, is:
d(o, —oy) ,d(o, +0y)

P 0) =
r(cos 6) dcos 6 dcos @

 And P, is connected to sin? Hefff by:

A; - (1+cos?0)+ A, - (2cosB)
(1+cos?8)+ A A, (2cosb)

P.(cosf) =
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g Kinematic parameter

mode1 . mode2
2
1)T—>mv o
2 i
_) T—pv r
0 o T Ny
p— T C -
R I Y e O T R R LI P R B Ty T
3)T—ay @ w
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a, — TN or T’
4) T - uvv

5) T —evv

4,
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[u]

w w

— helicity=+1 - helicity=-1

+ The final fitting result is: Asin® 6,¢¢ ~2.15 X 1076 (using 1 month data).
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Conclusion



g sin6,; measurement at the CEPC

A work for prediction. Not many data, just basic statistics estimation.

Arp and A; p measurement

- Different sensitivity to sin? Béff (can be estimated roughly by simple calc.)

« Efficiency and charge mis-identification problems

P, measurement

» Kinematic spectrum

Both can provide ©(107°) precision measurement of sin? Hefff (except A;r)

Provide energy-running test using Arg.
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