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Motivation

Photon PolarizationIn - vy

> Sensitivity to BSM W w3
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Motivation

Photon PolarizationIn - vy

> Have never been measured at a high precision

« CPasymmetry in time dependent decays () -

- T T transition [2] ( ¥ ~come from a virtual photon)
- (forward-upward asymmetry )

> Hadronic state helicity in - (- )

4 [CrE —Cuf InSM, Ay~ —1forb—syand A, ~ +1 forb — 5.
T |G+ [CoLl?

Ik ylcosOx > 0| —Ig. . v|lcosOx <0 . _
Ayp = Kus1608 Ok > 0] — Tigeyy|c0s b <O in(1.1,13)GeV, = (6.9 17) x 1072
I'k,..ylcos Ox > 0] + Ik y[cos O < 0]
{7 (f f*)} Observation of photon polarization !
min - (J X
=(A = . R. Aaij et al. (LHCDb Collaboration), Phys. Rev. Lett.112, 161801 (2014).
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of D semipleptonic decay

> To extract

a ratio of Up-Down Asymmetry in semi-leptonic decay - 1+ ~

» Combining - (- ) and - (- )
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> Kinematics for O ) I
( -
(.

Motivation

W. Wang, F. S. Yu, and Z. X. Zhao,
Phys. Rev. Lett. 125, 051802 (2020).

Statistically limited to measure the

M. Ablikim et al. (BESIII Collaboration),
Phys. Rev. Lett 127,131801,(2021)



. . MC Sample
MC Simulation

> Fast simulation tool for STCF [1]

* Resolution and efficiency responses for tracking of final state particles, PID system ; kinematic fit related to variables.
* Functions for adjust performance of each sub-system.

> MC simulated samples 1ab-! @Vs =3.773 GeV

charmed hadron pairs near the charm threshold allow for measuring ~ in with very low background level

« lab'@\s=3.773 GeV
NS = .1,

— ) - _l / ) ( )

. S ( )™t Mass (GeV/c?) 1.25340.007
The mass , width[3,4] Decay mode Decay ratio (%)
and ratio of subdecays of K,(1270)[4] (fit2) Kp 54.8+4.3

K;(1430)m 2.01 +£0.64
K*(892)m 171423
Kw 22353

[1]. X.-D. Shi et al. JINST 16 P03029 (2021)

[2]. D. Scora and N. Isgur, Phys. Rev. D 52 2783 (1995).

[3]. P.A.Zylaetal.(ParticleDataGroup),Prog. Theor.Exp. Phys. 2020 083C01 (2020)
[4]. H. Guler et al. (Belle Collaboration), Phys. Rev. D 83 032005 (2011).



Event Selection

> Singletags (ST) D' > K7z, K'7 7°, K

» Good charged tracks |[cost|<0.93, |dr|<lem, |dz|<]10cm

> Particle identification of charged tracks
Kaon: CLy >0.00L,CL, >CL, Pion: CL_>0.001,CL, > CL,

CL

electron: £ > 0.8 < > 0.8,CL, > 0.001

p "CL,+CL, +CL_
> Neutral pion

M, (0.115, 0.150)GeV/c?
1-C mass kinematic fit on w%— yy, V2xmerr< 200

> ST D mesons
—F

beam

AE=F

Knrx

MBc=\/E§eam—le © < (1.858, 1.874) GeV/e?

+ -+ -

T

~ (29, 27), (-69,38), (-31,28) MeV

Event Selection and Analysis

» Charge conjugation, Double tag
(DT) method

/Kf(fzm;'
_____,...---‘(34'

> Singal candidates D" — K,(1270) e'v,

K, (1270)" > K 7' n~

only four good unused charged tracks
charge(lepton) = charge(Kaon 1n tag side)
other three charged tracks are identified as a
Kaon and two pions.

charge(Kaon) = -charge(lepton)



DT Candidates

» Main peaking backgrounds c<,
most criteria are same as M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett 127,131801,(2021)

> Accepted

Nﬁmﬁ (GeV¥eh

> 2-D fit of BESIII results ~ 109+12.5
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> Selection efficiencies
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Event Selection and Analysis




Event Selection and Analysis

Dependence of DT Efficiency on

> Singnal reconstruction efficiencies in

> Electron Momentum Dependence
bins of cos  vs. cos

oS
~ low momentum electron tag mode 1

~ tracking & PID efficiencies - angular bin j

generator leve

gen-level

P, (GeVic)

oo Cos

P, (GeVic)
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cos8,
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Event Selection and Analysis

Angular Fit to Extract

> Fitto and to obtain signal yields > Fit function [1
+ 2-D unbin-maximum likelihood fit f(cos B, cos O;Ayp, d+,d-) =
 extracted signal yields in each (cos  vs.cos ) bin (4+dy +d_)[1+cos” Bk cos” 8]

+2(dy —d_)[1+cos® O] cos 6

. . . +2Ayup(ds —d_)cos Bk [1+ cos? 0

> Bin migration ,UD( + —d-)cos Ok| !
+4Ayp(d+ +d_)cos Bk cos 6

 full width at half maximum(FWHM) : — (4—d, —d_)[cos? Bk +cos’ 6].

(cos )~0.12
(cos )~0.05 .2 P
. =Tl T Tl
e bin width: 0.5
J expected bo be negligible . ~ transverse polarization of 4

o ~ longitudinal polarization of 1

[1]. W. Wang, F. S. Yu, and Z. X. Zhao, Phys. Rev. Lett. 125, 051802 (2020).
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Event Selection and Analysis

Angular Fit to Extract

> 2-D x 2 fit to efficiency corrected signal yields in each (cos vs.cos )
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statistical sensitivity 1.8 x102 @1 ~! MC sample
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Optimization of Detector Responses

» Optimization factors for different sub-detector responses

* charged tracking selection (detection efficiency, momentum and position resolution)

<1>. detection efficiency ( , cos) : increasing from 10% to 50% v
<2>, (resolution of tracking system in ~ plane): ranging from 150 to 30
<3>.  (resolution of tracking system in direction): ranging from 2500 to 500

* neutral selection (detection efficiency, energy and position resolution)
<1>. detection efficiency : increasing from 10% to 50% v
<2>. energy resoultion : increasing from 10% to 50%
<3>. position resoultion : increasing from 10% to 50%

* identification of electron at low momentum (misidentify a pion as electron in p<0.6 GeV/ )

<1>. misidentification rate for / ranging from 5.7% to 0.64% @ 0.2GeV/ )
(can be reduced from 6.4% to 3.2% at 0.2GeV/ in STCF)

> Characterization of the detector performance
» figure-of-merit (\/_T )

DT efficiencies



Optimization of Detector Responses

> Optimization

ncy
o
T

(a)

Ly

 reconstrcution efficiency for charged track: in 1.1(10%) improved by 27%
* reconstrcution efficiency for meutral track: in 1.1(10%) improved by 4%
» misidentification rate of /

> Sensitivity

1

N PP PR PP MPT
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Charged track efficiency scale
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» 1in3.2% @ 0.2 GeV

78}

76} |

(b)

|
1.1 1.2 1.3 1.4 1.5
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 signal selection efficiency ~ improved by 33%
() ~1.5x102 (~improved by 17%)
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i o ’ Statistical Analysi
Dependence of Wilson Coefficiency on atistical Analysis

> Dependance of Wilson coefficienct on

2P -

| 7 I° o+

input of = (6.9+1.7)x10-2 ~ (1.1, 1.3) GeV
(R. Aaij et al. (LHCDb Collaboration). Phys. Rev. Lett.112, 161801 (2014)).

InSM,  =(9.242.3)x10-2

> Potential sources of systematic uncertainties

* celectron tracking and PID efficiencies
* bin migration

* signal and background shape modeling
* non-resonance contribution

 1(1400) contribution v o

1€, FC,f

P
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Summary

> Statistical sensitivity of arXiv:2107.06118v3

L=1ab! @  =3.773 GeV + optimized efficiency with the fast simulation

statistical sensitivity of a ratio of up-down asymmetry =~ @ STCFin % - ;(1270) *
~ 1.5x102

> Probing for new physics

-+

Combining the = in STCF and measured in - 1(- ~ M)y from B factories
photon polarizationin -  can be measured model-independently with high precision.

-+



» Counting method to calculate

Back Up

( > 0, <0+ [ > 0, >0)— <0, <0)— <0, > 0)
( > 0, >0+ ( <0, >0)— ( <0, <0) - > 0, > 0)
statistical sensitivity 5.2 x10-2 Nrptm | NrpLp  Nikmim _ NKmLp
— / EKpLm €EKpL; EKmLm €EKmL;
1 L MC sample A = P i P
@ p ud NI{,PLP NI\'"”-"PL - NgmIm _ ‘MI{PL"“
€EKpLp €EKmLp €EKmLm €EKpLm
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