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Photon polarization in b—sy

» This transition occurs in the SM through one-loop W boson exchanges.

> In the SM, the b — sy photon is emitted predominantly with left-handed helicity (right-handed in
b - 5y)

» The exchange of new virtual particles in the loop could modify the decay rates the and the helicity
structure of the vertex

» Such a significant right-handed contribution would be a clear signature of New Physics

W H=.x",9.)\"

The b — sy penguin diagram mediated by SM particles (left) and new physics particles (right)
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B‘S)/B_g mixing and CP-violating "5

» The right-handed component can be observed by effects of mixing-induced CP asymmetries and time-

dependent decay rate of BY and 3_2 decays.

> The rate » The SM predictions for A,

P(t) x elst [cosh (%) _ Adsinh (AFSt

2

) + C cos(Amgt) — S sin(Amst)] C, S in the B§ — ¢y decay

are close to zero
There are three observables:

A = 0.04779852
SSM = O i O 02

|4(BY-¢yr)|

A2 = sin(2vy), where tan(y) = |A(F—>¢y )|

S =~ sin(2y)sin(¢), where @ = @, — @p — @, is weak phase angle

C characterize direct CP violation

» The observable A and S are sensitive to the ratio of helicity amplitudes (photon polarization) and weak

phases, while C is related to CP violation.
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CEPC advantages

CEPC advantages _ _ _
Numerical values used to estimate the signal
» Clean collision environment statistics at Tera-Z.
_ o f(b - B% 0.404 + 0.007
» High statistics b hadrons (b - BY 0.101 + 0.008
» Much higher b quark boost Br(B? - ¢y) (3.44+0.4) x107°
> Good VTX/tracking and PID system Br(¢ > K'K™) (49.1£0.5 )%
Table 1. Expected yiclds of b-hadrons at Belle II, LHCb Upgrade 11, and CEPC Tera-Z.
b-hadrons Belle 11 LHCb (300 fo- 1) | CEPC(100 ab ')
BY, BY 5.4 x 101 (50 ab ! on Y(45)) 3 x 1013 4.8 x 1011
B* 5.7 x 1010 (50 ab ! on T(49)) 3 x 1013 4.8 x 101
BY, BY 6.0 x 10% (5 ab ! on Y(59)) 1 x 107 1.2 x 101
BF - 1 x 101 7.4 x 108
AP, A - 2 x 104 1.0 x 101
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Reference Detector and Samples

. . Separation Ability
Fast Simulation il
16_: 3 b
Detector performance e T
10 o 10f- LR 2
Vertex : 0,4 =5 @ 7~ (um) < S
p(GeV)sin20 6 =
Tracker: 01 =2 X 107> P 0.001 3 52 E
PT p(GeV)sin20 z" IEAIE AN YT RS
-2217'1% -10-8 6-4-20 2 4 6 8 10
ECAL £ NS & 0.01 (R'RK)/ Or P (GeV/c)

PID performance from CEPC CDR

0 = o
IiSK_l ig)y

yield 1.04524e+06 6.4944e+11 4.5797e+11 6.4944e+11 4.9323e+11 6.1992e+11
samples | 223521 | | 1.9967e+08 1.9999e+08 1.9999e+08 1.9981e+08 1.99869e+08|
weights 4.67625 l 3252.57 2289.96 3247.36 2468.49 3101.63 I

Generated by Pythia8 Generated by Whizard 1.95
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Topology of BY —» ¢y decay

> Signal side : event selection
» Tagging side: used for b jet tagging;

> B mesons are produced through the

hadronization of b quark.

/ > BY lifetime ~ ps, flight length ~ mm
= (z~1ps) B?

The topology of BY —» ¢y decay at Z-pole
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Reconstruction of ¢ > K"K~

Event selection strategy
1.

Reconstruct charged tracks and select the K* K~

pair

log,ox? < 1: eliminate bad fited vertex.

log1oV ¢-.k+k- > 2.6 : eliminate QCD background.

50><1073

Normalized Candidates
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Normalized x? (left) and Ve-k+k- (right) of signal

and background distributions.
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Reconstructed ¢ candidates mass distribution (left)
and the overall efficiency andpurity distribution (right)

Selected ¢ : 1.011 < mg+p- < 1.027GeV

> Eff =63.6% & pur = 74.9%



Reconstruction of BY - ¢y
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Event selection strategy

1. 84, <1:eliminate random ¢y pairs
Selected By : 5.187 < mg, < 5.547GeV

2. E,>8GeV &pgo > 25 GeV: Selected y & BY with
) > Eff =43.9% &pur =11.1%

high energy.

0.2 0.3 gox10”
r — Bs->¢y r — Bs->¢y r — Bs->¢y
0.18:— — z->dd L — z->dd 70i — z->dd
- z->uu 0.25 z->uu N z->uu
@ 016 “ z->ss 3 ’ z->ss 3 6ol
g 0.14F z->cc § i z->cc @ :
5 F — z->bb 5 0.2 — z->bb T 500
c 012" =S s L
O ot S 015 S a0
N 0.08f S r N -
= Vo = | = 30L
g § g 0.1 8 -
£ 0.06- = = T
o [ o | O 20—
Z 0_04; =z | Z C
r 0.05 ) C
0.021 M 105
0:‘—‘ 0 |\|\|’7im‘“"—ﬂkblw PR N 07 § e =
0 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

Gamma Energy [GeV] B? Candidate Momentum [GeV]

Normalized signal and background distributions for 04y, E,, and Egp
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b-jet tagging

CEPC Ref-TDR

Z-qq, 91.2 GeV

T
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b-jet efficiency ~ 95% with mis-id rate

of only 0.1% fr
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- BY -> ¢y ——- Signal Fit B B2 -> ¢y ——- Signal Fit
1407 ............ Background Fit 70? """""" Background Fit
o - o =
@ 120 O 60
(1] B 1) C
% 100 % 50— b-tagging efficiency = 95%
= o 5 o
S & S
60
40~

20 } -~ °s,

The distribution of the invariant mass of the reconstructed B?
candidates before (left) and after (right) applying b-tagging
With a b-tagging efficiency of 95%. 0., jefr) = 98MeV,
Om(right) = 95MeV

Selected B : 5.187 < my, < 5.547GeV
» Efficiency: 43.9% - 41.7%

» purity 11.1% - 43.1%

»> Accuracy 0.443% — 0.237% 10



Event Selection Signal : Candidates Bs — ¢p(—» K" K™)y; Background : exclusive z —» qq
Reconstruction: K"K~ & y repeatedly paired

-\
R

. Bs — ¢( z - dd, utu, _ Remaining .
CutChain S K*K-)y <5 Z > CC 7 — bb S/B(%) VS + B/S
1.04e+6 1.76e+12 4.90e+11 6.20e+11 3.63E-5 162
K+K- Pair Selection 1.04e+06 6.37e+11 2.38e+11 3.66e+11 8.39e-05 107
log10(x?) <1 9.98e+05 5.64e+11 1.91e+11 2.43e+11 1.00e-04 100
log10
7.77e+05 6.33e+10 4.81e+10 1.39e+11 3.10e-04 64.5
(Vp-kk/pm)>2.6
1. 011 < mK+K—
<1.027 Gel 6.84e+05 7.39e+09 8.24e+09 2.16e+10 1.84e-03 28.2
04, <1.0 6.61e+05 4.90e+08 2.21e+08 1.68e+08 7.52e-02 4.49
E, > 8GeV 5.07e+05 1.81e+08 3.68e+07 3.80e+07 1.99e-01 3.15
Pg, > 25 GeV 4.59e+05 1.22e+07 4.85e+06 3.27e+06 2.25e+00 0.994
5.187 <m, <5.547
Ge(fly 4.16e+05 1.84e+06 8.16e+05 4.93e+05 1.32e+01 0.454
B-tagging
(Sb c,dus—b
o . 1.2 1. 4 4.68e+ .19e+01 0.237
— 95% 1.660% 3.96e+05 Oe+03 36e+0 68e+05 8.19e+0
,0.065%)




BDT training

10°
- CEPC TeraZ

BY — oy

Pre-selection strategy 10’;—
log10(x2) < 1 :
log10(V _xx/um)>2.1
1.01 < my+g- < 1.07 GeV

10°

Events

10°E

1.
2.
3.
4 04, <15 104;
5. E,>5GeV :
0.4 0.2 0 0.2 0.4
6. PBS > 10 GeV BDT response
7. 5.0<my,<5.7 GeV BDT response distributions compared for
_ signal and background after pre-selection
8. B-tagging(ep cqus—p = 95%,1.660%,0.065%) and b-tagging.

> BDT Response > 2.3 : Accuracy = 0.156%

2025/11/07 12



A

Event Selection Signal : Candidates Bs —» ¢p(— K*K™)y; Background : exclusive z — qq ‘-’
Reconstruction: K"K~ & y repeatedly paired Accuracy = 0.156%+0.0025%

. Bs - ¢( z - dd, uu, _ Remaining .
CutChain S KK )y <3 Z - cC 7 > bb S/B(%) VS + B/S
1.04e+6 1.76e+12 4.90e+11 6.20e+11 3.63E-5 162
K+K- Pair Selection 1.04e+06 6.37e+11 2.38e+11 3.66e+11 8.39e-05 107
log10(x?) <1 9.98e+05 5.64e+11 1.91e+11 2.43e+11 1.00e-04 100
log10
9.23e+05 1.46e+11 8.53e+10 1.71e+11 2.30e-06 68.7
(Vg-kx/pm)>2.1
101 < g 8.89e+05 3.89e+10 2.09e+10 4.17e+10 8.75e-06 35.9
<1.07 GeV ) ) ) | ) )
04y < 1.5 8.77e+05 5.54e+09 2.05e+09 1.86e+09 9.29e-05 11.1
E, > 5 GeV 7.43e+05 2.00e+09 4.07e+08 4.10e+08 2.64e-04 7.13
PBS > 10 GeV 7.39e+05 1.51e+09 2.79e+08 2.40e+08 3.64e-04 6.10
5.0< mg,<5.7 GeV 7.32e+05 5.67e+08 9.98e+07 8.48e+07 9.74e-04 3.75
B-tagging
(Sb c,dus—b
o 6.96e+05 3.68e+05 1.66e+06 8.06e+07 8.42e-03 1.31
= 95%, 1.660% € € € € ©
,0.065%)
BDT Rgs;:nse > 4.65e45 273 4.96e+3 5.60e+4 759 0.156




Detector Performance Dependence P )

» K/ 30 separation power  mmmmm=) Accuracy = 0.156%

> ECAL resolution : 17% mmmmmms)  Accuracy = 0.156% CEPC CRD
» ECAL resolution : 3% mmmmsss)  Accuracy = 0.133% CEPC Ref-TDR
024; as?
0.22:_ N CEPC CDR 0_45;_ M CEPC CDR
— i o 04> O
% 02} % 035%_ E=V%+D'01
ol - 0 =
@ 0.18/~ E 035
- 0.257
0.16F 0.2
- 0.15-
0'14:j.‘\.".\‘.‘.\H“|".‘\.“.\‘.H|‘..‘|.‘..\‘ 0.15* N B B B B B
15 2 25 3 35 4 45 5 55 0 0.2 0.4 0.6 0.8 1
K/n Separation Power [o] Statistical ltem

Dependency B? — ¢y measurement accuracy on PID performance (left)
and ECAL resolution (right)
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Decay Time Resolution

The B? lifetime can be calculated using the reconstructed
vertex position and momentum

Mmglyrx
Ps

Events

The resolution of three Gaussian functions can be calculated
by

=2
O_T:\/ — Zln(fle 20'1Ams _I_fe 2 Ams +fe 20'3Ams)

where f123 are the fractions, and 6123 denote the widths of
the three Gaussian functions,

2025/11/07

1600
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—— Three Gaussian

1400
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1200

- Gaussian 2

1000 Gaussian 3
800
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g00—400—300—200—100 0 100 200 300 400 500
3t [fs]

Time resolution distribution of

B! candidates from full simulation,
the resolution of three Gaussian
function is o, = 76fs
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Acceptance and background fit

Ar .t Al .t
Tgo 4, (1) x st [cosh <—s> — A4sinh (—s> + C cos(Amgt) — S sin(Amst)]

2 2

The effciency as a function of the decay time t

is parameterized as
B

Signal fit:
F(£) = Tgg_y (D®A()

Background fit:

at 1 I~ 2 1 Int 2
A0 =" e = 0 x foxpt—x (%5) ) w02 x expr—2x (%)
Acceptance Function
% 0 08: R x2/ naf 99.2/46 © - % 0.09, 2/ ndf 198/162
o C Prob 8.972¢-06 = C o j Prob 0.02853
° 7: alpha_acc 4579+ 0.253 5 07— < 0.084 U 0.09072+ 0.00230
8 0.07¢ X\ beta_acc  0.8909+ 0.0287 g B = 1 taut 0.1547 + 0.0021
E 0 ksi_acc  0.08816+0.00201 < - € 0-07: sigmal  0.5779+ 0.0129
S 0.06: conle 04707+ 0.0035 0.6— 2 H tau2 0.4267 + 0.0152
ool - 0.06; sigma2 08328+ 0.0193
Bl \ 05k 0.05
0.04 i
i \\ 0.04
0.03f \ 04 0.03
002; ‘\\\% 0.3 A(t) = (4.58 * 1°%) / (1 + 4.58 * 1°%°) * (1-0.091)) 002£ \
0.01- R 0.01}
O:\\\\ L1l L1l L1l \\\\ﬁ - 02 0:\I\\ \\'\\wﬂ“ Z¥= FNLF] bk o | Lol | I .
0 1 2 3 4 5 6 7 Eravava o b v b v v b b by 0 1 2 3 4 5 6 7 8

8
t (ps) 0 1 2 3 4 5

Reconstructed signal fited
2025/11/07

Acceptance function

7 8 t (ps)
t(ps)

Reconstructed background fited
16



B%/B? initial flavor tagging

B! inital flavor can be tagged by B? initial flavor
tagging algorithms

=l

,-""J- u .
- Same-side
kaon tagger

Opposite-side

+ 0 +
B> =D =K kaon tagger

Schematic representation of B! initial flavor tagging algorithms

» The tagging algorithm record the charge of this two kaon
to identify the initial flavor of Bs

2025/11/07

g

Y. )
J-
ey

¥ gt {40y

Reconstructed BY can be categorized into
correctly tagged (R), incorrectly tagged(W),
and untagged (U) events.

R+ W
€ =
99 " R+W+U
w
w =
R+ W

eeff = etag(l — 2(1))2

Methods €tag W Eoff
Leading SSK (%) 57.45 19.96 20.73

Leading OSK (%) 72.41 31.36 10.06
Combined (%)  72.12 21.39 23.60
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32/3_2 mixing

r

B(S)—>

B?—)

>

oy (D) X el'st cosh(

[ A
¢y(t) x el'st cosh(

I's

-~

NN

st

N

>
™~
-~

S

) — A“sinh(
A
) — A“sinh(

NN

st

N

) — C cos(Amgt) + S sin(Amgt)

0.8

w

m
—
—
—
—~

0.7

—— True I'(t)

—— + Mis tag
+ Acceptance

== 4 Resolution

f = 354fs

Reconstruction effect, with pre-defined the
central value of the LHCb measurement result

assthetrue value

t (ps)

) + C cos(Amgt) — S sin(Amgt) |BSOL) = p|Bd) + qlB_g)

|B?,,) = p|B2) — q|BY?)

The values of parameters for 32/3_2 mixing, where
I =T +Ty)/2, Al =T} — Ty, Amg = my —my

I 0.6598 + 0.0025 ps~!
AT 0.084 + 0.005ps !
Amg 17.765 + 0.006ps~1!

LHCb measurement result

Az, = —0.67103](stat) + 0.17(syst)
Cgy = 0.11 £ 0.29(stat) + 0.11(syst)

S¢y = 0.43 £ 0.30(stat) + 0.11(syst)
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Impact of CP-violating parameter A

Generated A = -0.67

- 0 .
Parameter A can be fitted by flavor untagged B decay time : g Py
90 Prob 0.9285
- Constant 54.67 +2.20 .
r.t AFSt A AFSt ” 80 Mean  10.02726+0.00093 bias
rB?—nl)y(t) xXe s [COSh T —A Slnh(T)] § 70 | Sigma  [0.02846 + 0.00072]
(e C
=5 O 60
A ] 1A (Bs - ¢)’R) | é 50
AL = sin(29), tan() = —— 5.
3 [
4 (BY > ¢v1)| z .
825000 % B
5 C 20
a3 -
20000 —+mc 100
BUBD gy Ul Model $250.15 2012005 0 005 0.1 015 02
15000 — signal SA
10000 _ - Background The distribution of systematic bias
A =-0.6354 + 0.0283 . . .
5000 > Systematic uncertainty =\/blas2 + 05,
01 T Y e e .
ot 2z s 4587 8 > Fit result :
t (ps) A

The decay time for flavor-untagged for B!B? — ¢y Agy = —0.67 £ 0.028(stat) + 0.041(syst)

decays and photon polarization parameter A fit.
2025/11/07 19



Impact of parameters C and S

Parameter C and S can be fitted by flavor tagged
B? decay time

Generated C = 0.11
Generated S = 0.43

i 22/ ndf 33.66/34 80— x2/ ndf 40.96/43
120— Prob 0.4844 C Prob 05602
Al st Al gt i s 70 c 1925 +
r.t S A s . - Constant 65.29+ 267 C onstant 9.25 +1.93
['Bg—"l’}’(t) xes [COSh< 2 > —A%sinh ( 2 ) +C cos(Amst) -S Sln(Amst)] » 100— Mean  -0.003234+ 0.000311 n r Mean -0.0369 + 0.0003
< = Sigma  0.009466+ 0.000245 c 60 Sigma  0.009369 +0.000218
S - S r
f2! C 0 B o r
= - O 80— O so-
O 25000 = B b B
it - e - £ 40
- —+ mc E 6o S
20000H- Full Model § r § 30
i 0 — Full Mode o 40— o
; Bs — ¢y = = 200
15000} —— Signal 20 F
I i 10~
_-Background 7\\\‘\\\‘ [ TR T R P R R 0:\\\‘\ [T B |
10000 —8.08—0.06—0.04—0.02 0 0.02 0.04 0.06 0.08 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02
dC 0S8
C =0.1160 + 0.0097
5000 S =0.3925 + 0.0095
o 2 s 4 5 8 7 8 > Fit result :

t (ps)

The decay time for flavor tagged for B — ¢y decays
and photon polarization parameter C and S fit with a
different decay time resolution.

2025/11/07

€5, = 0.11 £ 0.0097(stat) + 0.0092(syst)
Sgy = 0.43 + 0.0095(stat) + 0.0384(syst)
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Impact of parameters C and S

b— sy CCP b— sy SCP
Average HFLAV Average HFLAV
K*y —— K*y
-0.04 + 0.14 -0.16 + 0.22
0 Average HFLAV 0 Average HFLAV
-
Ky -0.07 £ 0.12 Ky -0.15 % 0.20
Average HFLAV Average HFLAV
Keny 0.06 + 0.29 Kty -0.49 + 0.42
0 Average HFLAV o 0 Average HFLAV
Ksp™y -0.22+0.14 Ksp™y -0.06 £ 0.23
Average HFLAV . Average HFLAV
Ksoy -0.35 £ 0.60 Ksty 0.74 £ 0.90
LHCDb 0.11+ 0.40 — LHCb 0.43 + 0.41
oy CEPC 0.11+0.019 " oy CEPC 0.43 + 0.048
\ | | \
-2 -1 0 1 -2 -1 0 1
Summary of the S¢cp and Ccp measurements in b — sy transitions.
the current measurement result of b factory are shown in bule, the
result of CEPC Tera-Z is shown in red.
2025/11/07

» The uncertainties at CEPC Tera-Z
are significantly improved

compared to the B-factories.
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Sensitivity of NP oy

0.6 0.6

. statistical error

- o —-— I T The measurement result relies on preassigned input
= 02 y=x I +/l L 0.2

g 0 : +.} ¥ il value.

e

%-02 /+‘ } -0.2

s

R
s
»

» The 10 sensitive boundary for new physics are

&z "3 2 o4 o0 o1 02 03 o4 06
Generated A SM A A
Az, < —0.10rA4;, > 0.2
0.15 —0.15 0.151 0.15 ¢y ¢y
7 . statistical error - L . statistical error -
o e o B o Cyy < —0.04 o1 Cy, > 0.04
—— total error i I — total error *
&) */ n | #/
o005y y=Xx /* 0.05 £0.05 y=X /* 0.05 .
O o /*/ Flo O o /*/ [ 0
> >
% - *//*/ % i *//*/
0.05 2% -0.05 @.0.05 . -0.05
= | i/* = | #/i
_0.1/#/ i 0.1 —0.1}/#/ -0
_0_157 L _0‘1 L L L \_0.05\ L L L 0 L L L \005 L 1 L L 01 L 7_015 _015 L L _A] L L \_0.05\ L L L O L L L L 005 L L L L 01 L _015
Generated C SM Generated S SM

Sensitivity of A, C, S. The blue rectangular area represents the statistical uncertainty,
while the red solid line indicates the total uncertainty, which combined systematic

uncertainty and the statistical uncertainty, the green area shows the predicted range »
by SM.



Constraints on new physics

- g
e
B 1
YA
oy
ant
.\
o

Im[C;F]

0.10F

0.05F

0.00 O

-0.05

—-0.10¢ ‘ ]
-0.10 -0.05 0.00 0.05 0.10

Re[CFT]

0.4-
0.2

0.0-

~0.4r

0.4 -0.2 0.0 0.2 0.4
Re[C)F]

Constraints on new physics of the C5"? (left) and the CY? (right) .
The 10 and 20 frequentist bound are shown in lighter part and

darker part.
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2Re(e™'sC,Cy)

Alp = ,
G2+ 1612
< 2Im(e~%sC,C))
¥ 1C71% + 1G5

» CPV is very sensitive to the new
physics of C-.

» Constraints from other channels
such as B? - ¢ll will further

improve the constraints.
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> The accuracy of B? - ¢y at CEPC Z pole is 0.156% + 0.0025%, which achieves an improvement of two
orders of magnitude compared to existing measurements.

» The predicted value of A, C, and S at CEPC are
Az, = —0.67 £ 0.0283(stat) + 0.0408(syst)
C3, = 0.11 £ 0.0097(stat) + 0.0092(syst)

S¢y = 0.43 £ 0.0095(stat) + 0.0384(syst)
» The 10 sensitive boundary for new physics are
A A
Adw <-0.1 orA(m, > 0.2
Cpy < —0.04 0r Cyy, > 0.04
Sy < —0.04 0r Sy, > 0.04

> CPV is very sensitive to the new physics of C5
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