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Motivation



Electroweak Precision measurements and sin2 Hfff

> Key parameter in electroweak sector

o a,G,, my my, sin” Ow, ...
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» Effective weak mixing angle >WW<§ w
e sin“O.4 = (1 —mg/m2)- (1 + Ax) yaa yax
e Ak absorb higher order corrections

e Measurement of sin? Hfff 1s important in both SM validation and new physics search



sin® Héf measurement at lepton/hadron collider

» LEP&SLAC (precision ~ 0.1 %)

LEP + SLD o 0.23153 £ 0.00016

e LEP:0.23188 = 0.00021 - —
LEP + SLD: Ay —o— 0.23221+ 0.00029
e SLAC: 0.23098 = 0.00026 — -
SLD: A, — O 0.23098 + 0.00026
* Statistical dominant CDF ee+up 9.4 fb” e | 0.23221+0.00046
DO ee+up 9.7 fb” S 0.23095 + 0.00040
» Tevatron u _
ATLAS ee+uu 4.8 fb™ = ® = 0.23080 + 0.00120
e 0.23148 % 0.00033 (DO+CDF) b -
LHCb uu 3 fb = o = 0.23142 + 0.00106
 Statistic & PDF dominant CMS uu 188 b o 0.23125 + 0.00060
CMS ee 19.6 fb” = o . 0.23056 + 0.00086
> LHC o _
CMS ee+up e 0.23101 + 0.00053
e PDF, QCD & systematic dominant o2 o021 0232 023
sin%e’

eff

e Aiming for ~ 0.00010 1n the future

Tevatron: sin® 67, = 0.23148 =+ 0.00027(stat.) + 0.00005(syst.) = 0.00018(PDF)
CMS 8TeV: sin® 67, = 0.23101 = 0.00036(stat.) = 0.00018(syst.) + 0.00016(theo.) + 0.00031(PDF)



A, . 0.23099 + 0.00053

Measurement of Sin2 He”;f In the future

0.23221 + 0.00029

: i A° * 0.23220 + 0.00081
» Measurement before Higgs discovery Qf:ad ) on s 00015
fb : -
e World average under SM assumption
o . o Average gliy 0.23153 £ 0.00016
e ~ 0.1% precision good enough for Higgs mass prediction od _ f1dofi118/5
» Measurement in the future <
O]
: 9]
e Higgs mass ~125GeV, we can make fully global test of SM & search E
for new thSiCS 102 1 7 Ao, = 0.02758 + 0.00035
. . ] ®xd m,=178.0 + 4.3 GeV
e Flavor comparison (lepton, different quark flavors...) ors o o
. . . . lept
e Experimental uncertainty should be comparable to theoretical Sin“Be
. -5 0.245 — ny rrry oy
uncertalnty (@(10 )) A E:rtfci Threzhold
Measurements
Current experimental uncertainty Theoretical calculation error 0.24 AR
~0.00030 ~0.00004 e N
. . 9 nf 93 0.235 PN
e Energy running of sin” 6 = \\/
. . . . i ) Tevatron ‘ I;ilc’l : LHC
e This kind of EW precision measurements rely on lepton collider like 0z ——
CEPC
- et
107 107 1072 107" 1 10 102 10° 104
L [GeV) 5

Note: this is MS scheme defined weak mixing angle



Measurement of sin” Hgf INn sense of new physics search

» For a ff — ff process, new physics possibly come from:
e The propagator
e ZPrime or other any new particles, modification of Z self energy, ...

e In 1990s, Peskin introduces the oblique parameters S, T, U to parameterize propagator related
new physics 1n a model-independent way

e sin’ Hfff and my, are most sensitive to this parameterization.
e In 2010s, theorist make complete 2-loop and partial 3-loop EW correction calculation
o« Smy, ~ 6MeV, §sin* 67, ~ 0.00004
* The vertex

 Most interesting: Zbb vertex, as b mass 1s large enough to form t-W loop



sin? Hg.f measurement at the CEPC

» High precision measurement

o Final precision expected to be A sin® fof ~ 0(107)

» Independent measurement via different final states
o Lepton channel, b, c, light (A sin? Hfﬁ« ~ 0(107))

» Running weak mixing angle with energy scale (sin’ O (1))

e Make measurement at energy scale high than Z pole for the first time

» CEPC advantage

e As alepton collider, CEPC has very small systematics. (No PDF, cms energy comes from beam energy directly,

)
e Hugh statistics — 4 trillion Z 1n two years (Z period, lOOab_l)



Measurement



. D f -
sin” 6. measurement using Ay

» AFB (Forward-Backward Asymmetry)

Ny —
YFSYB
App = = A FB(\/E sin Hf
Nr + N B
o Precisely governed by sin? (95 o

 Flavor dependent

e Ratio-type definition

» Other observables (not including)

 In SLC, use some polarization-related observables

 In LEP, tau final state polarization was also measured

0 < n/2: Forward

0 > n/2: Backward
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Sensitivity
]
A
=
-
b
0 p)

T 0 2
Sensitivity of A, to sin «95 .

Sensitivity: S = SPYS- . Det

phys. o
SphyS — aAFB 55 ete
aSinz Heff e IEI(c;ég)
D 1 1 1 Ctagging Overall efficiency of events observation
el = - = |—
I— 2f Gtagging TP f Charge mis-identification probability (event-level)

» Lepton final state: ideal (¢ ~ 100 %, f ~ 0), sensitivity loss is negligible

» Quark (hadronic) final states:
e Flavor tagging and charge determination of a jet are not perfect

e Tighter selection — low charge mis-1dentification and small efficiency — but this 1s beneficial
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Jet tagging of different flavors

» Heavy quark jets (b/c)
e Easier to tag

e Different in lifetime and their characteristic decays

e At the LEP, they use b and c final states to measure AFB

» For s jet
e Form Kaon, not as efficient as b and ¢ jet
o Atthe CEPC, a GNN-based machine learning method 1s developed for jet tagging

e Better kaon identification+more advanced algorithm: CEPC can tag the s jet

» For u/d jets

* No characterized hadronization pattern, almost unable to perform effective tagging
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Performance of the new jet algorithm

ol 0.814 0.036 0.021 0.001 0.000 0.000 0.001 0.000 0.000

0.117 0.036 0.000 0.001 0.000 0.000 0.000 0.000

C | 0.014 0.011 0.021 0.009 0.006 0.002 0.001 0.002

Table 2: (Event level) purity R, efficiency €, p factor, and
tageging power 1 in the Z — qq events with additional
selection criteria applied.

cbar | 0.011 0.014 0.042 0.021 0.001 0.006 0.002 0.001

S | 0.002 0.001 0.024 0.016 0.009 0.036 0.019 0.013

sbar | 0.001 0.002 0.016 0.024 0.046 0.008 0.013 0.017

Major

u _0.002 0.003 0.025 0.012 0.030 0.179 0119 e Contribution Of
ubar | 0.002 0.002 0.012 0.024 0.175 0.034 0.042 B 2 p T miS_
d _0.003 0.003 0.015 0.026 0.096 0.128 0.080 0.249 0.022 _02 identiﬁcation
dbar _0.002 0.003 0027 0014 0124 0102 0207 0072 0028 0320 N bg hed 999% 0.401 0.023 0.365 6(003%)
LB cc 99.6%  0.453 0.003  0.447 b(0.3%)
Tag to ss  96.7% 0.148 0.030 0.130 w(1.7%)/d(1.4%)
Fig. 3: The updated confusion matrix. Several cuts are
added for increasing the sample purity. In this matrix,
each row is normalized to 1. The thrown jets are not in- : :
cluded in the matrix. Event-level jet tagging performance

for the AFB measurement
Particle-level jet tagging performance -



Results




Results on the sin2 Hfff measurement

Expected statistical uncertainties on sin” Hfff measurement

(Using one-month data collection, ~ 4e12/24 Z event at Z pole) Uncertainty of sin’8" at different energy
> 107 .
cms energy| lepton b C s 5
=4 | - 10=5 10=5 10=5 > [ A
70 1.5x 107 | 1.9x 107 | 3.4 X 10 3.0x 10 T T N g
iz A ;
75 6.8x 10| 1.4%x107> | 1.9%x 107 | 2.4 x 107 § 107 N '
u "\ ’ _-A
92 49x107°| 1.8x107° [24x107° | 29 % 107° -, goaT T e R
e AT e
105 1.7x1074[1.2x107° [2.6 %1075 | 1.9 % 107 T P
115 20x1073]22%107° [7.4x107° | 3.6 1077 107 AR —Tevor
- y s
130 40%x 1073 44%x107™ |25%x107* | 7.2%x 107> - N
i .. :\‘/'" ---S
X ;
10—6 | | | | | | | I | | | | | | | | | I | | | | | | | | | | | | d
70 80 90 100 110 120 130

Energy (GeV)
1. High precision measurement at Z pole

2. High precision measurement for different final states
3. Energy running measurement (with b quark final state)
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Systematics

» Determination of cms energy

e A great advantage at lepton collider is that, cms energy can be directly determined by beam energy
e At the CEPC, uncertainty of the electron and positron beam energy ~ 100keV

e Negligible in effective weak mixing angle measurement

» Uncertainty on efficiency and charge mis-identification

e AFB defined as a ratio — efficiency can be canceled, not contribute to the systematics Arg

N+ Ny

e Charge mis-1dentification — determined with data-driven method, uncertainty 1s negligilble

» Other systematics (from LEP)
e Electron channel: t-channel & s-t interference (0.00085)
e Lepton channel: QED calculation (0.00006)
e B/c quark channel: QCD calculation (0.00007)

» A7, measurement — slightly different...
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Systematics in the s final state measurement

Major
contribution of

k ¢ P I mis-
» Background contamination dentification
bb ~99.9% 0401 0.023 0.365 c(0.03%)
cc  99.6%  0.453 0.003  0.447 b(0.3%)

obs. _ p . Asignal _ A bkg.
» Apg =P Apy ™ + Py - Apg 55 96.7%

0.148 0.030 0.130 u(1.7%)/d(1.4%)

o For b/c final states: backgrounds are c¢, bb, and very small proportion of s§
— efficiency can be determined by data-driven method

o For s final state: backgrounds are uii and dd, data-driven is not available.

» Estimation on the systematics of A7, measurement

 Equivalence to A sin” Hfff ~ 5% 10™*, comparable to the previous leptonic

channel of the LEP’s AFB measurement

e Serve as a first high precision s measurement

» Robustness and effectiveness of the Working Point

ImPurity

107"

107 f E : : : : : :
f - — s impurity

]I ¥ Working Point [
| | I | | I | | I | I | | | | I | | I | I I | | |

11
005 01 015 02 025 03 035 04 045
Efficiency
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Conclusion on the sin? Hfﬁ measurement @QCPEC

» Estimation on sin? Hfff measurement according to 1 month data

collection

Overall precision at Z pole

Flavor comparison

Precision at off Z pole

A sin* 0% ~ O(107)

A sin* 0% ~ 6(107°)
Able to make comparison

First s§ final state
measurement (O(107%))

Asin” 0% ~ 6(107 ~ 1077

Energy running test

» Important in SM global test & new physics search

Previous work with lepton and b quark: https://iopscience.iop.org/article/10.1088/1674-113"7/act91{ Th a n kS

Work with new jet tagging: under revision
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https://iopscience.iop.org/article/10.1088/1674-1137/acf91f

