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Motivation
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Motivation

» The T lepton is the sole lepton with a mass large enough to decay into hadrons. Its decays to hadronic final

states occur via W - exchange, and the decay rates to final states containing a strange quarkare suppressed
by the factor (IVUSI/IVudI)Z.
» Given a value of mg ,|V 5| can be determined with unprecedented precision from the inclusive sum of

the branching fractions of T decays to hadronic final states with net strangeness equal to unity .

u mn

» Since the origin of CP violation (CPV) remains an unsolved problem, indicating there may be non - SM

CPV sources, exploring CPV in the tauon sector, such as in the decay T+ — K g ntD., provides a

different and complementary landscape to seek CPV beyond the Standard Model (SM).
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MC sample

vVs=3.773 GeV
» 400,000 signal MC

» signal MC Generator model: tauhadnu.

Vs=4.260 GeV

> 3,000, 000 Inclusive ditau MC/11,000, 000 Inclusive ditau MC
» Inclusive ditau MC Generator model: madgraphS5 + pythia8.
» signal MC : from ditau inclusive MC.
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MC sample
Double tag method

B(tt - ntn’D,/ 1t - K*tn'D,)

é ) Nsig

T @ Tear e
Niq: Signal yields
Tag: 17 -ev.D, e T >e v, D.and T - ntn'D, /T >

Signal: 1. t* - n*n®,, n° - yy

2.1t - K+n®D,, n® - yy K*nYD efficiency
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MC sample
Double tag method

sig
2N reB(K2 = ntn~)B(n® - yy)

e: V‘g ’vr N
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T

7/
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" kg g T - e D Deand Tt = Kon*D, efficiency

sig- Signal yields

n: W
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Tt - nt D,
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Tt > ntn'D, Event selection

2025/9/19

» Charge tracks

Vyy<lem, |V,]| <10cm

c0s6<0.93;

» Photon selection

E,>0.025 GeV in the barrel section
E ,>0.050 GeV in the end cap

0 < TDC < 14(Xx50ns)

N, =2

> 19 Reconstruction

X 2<200(1-c kinematic)

» PID requirement
Using PID system: Global PID

¢ :Prob,>Prob;Prob, > Proby
n :Prob, >Prob.;Prob, > Proby

N, =1,N, =1
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Events/(1.5 MeV/c?)

Events/(16.0 MeV/c?)
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Events/(20.0 MeV/c?)

Events/(42.0 MeV/c?)

Comparison chart

Compare with BESIII at /s = 3.773 GeV
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Events/(40.0 MeV/c?)
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Comparison chart Vs = 3.773 GeV

Compare with BESIII at /s = 3.773 GeV

. . BESIII
SigMC num Efficiency efficiency
No cut 108515 55.08% 50.24%,
0.12< m(z°) <0.15 82454 41.85% 43.94%,
= (n) <0.9,
0 0
08 < E(e) <1.05 70372 35.72% 39.18%
P.<12 P, <12 69968 35.52% 39.00%
exN(y) =1,N(z°) =1 65830 33.42% 30.36%
the(rhoe)<3.1413 43965 22.32% 20.63%
2< mrec(zz®) <3, . .
0.5< mrec(zze) <2.8 43424 22.04% 20.47%
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Comparison chart J5 = 4.260 GeV

Compare STCF at +/S = 4.260 GeV with BESIII at +/S = 4.270 GeV

0.1 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 0.1 L L L L L BB B
i 1 L i i | i 1
[--STCF2.6.2 . i - STCF2.6.2 1 | ’ " -~ STCF2.6.2 ]| | - STCF26.2 i
] 1 I ) o~ 0.0% —

< | i < . & 003 — o ]
= S 0.0 | N i > * 1
> o | >0 > o .o .
< |— BESII . s | — BESINI 1 s | — BESIII : > 0.0¢=— BESIII =
] ] 2 S r . M ]
— L 4 g B ] o | i 2 | B
S | i e r iy e = 0.04— -
2 2 ool — & 001— n 2 1 §
g 0.03— — 5 | i g | B 5 - B
B 7 > | ] > > = 1
= | | m i i m 3 b m 0.0 —
- ‘ Lcdossaasiaoleschoniesd R i T A I A M WA N ol b b b b e b o gk ol [ tesseskedsedoososbeds]
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0 0.2 04 0.6 08 1 1.2 14 1.6 18 2 02 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
2 2
Mo(Ge Vic®) P.(GeV/c?) P, (GeV/c?) M,,.o(GeVic?)
ﬁ\\llllll\\\ T T T 1 1] 0~1\‘\I\\I\\!\\!1\!1\Il\\l TTrr 0.2y T T T T [T T T[T T T[T T T 1T} T[T T T T[T T T[T T[T rrrT
L W ] B . B | i +
0-04__ . M, —— STCF 2.6.2 ] B --STCF2.6.2 T [ —— STCF 2.6.2 7 0.04 —— STCF2.6.2 —
(\{0\ B 0. ] ((.; B b @ 0.2: ] {I: I 4
B N = r — < -
% 00y~ o " ] % 01— > 1 > I
2 "7 . — BESIII ] 2 | — BESIII 2 (14— BESII - 2 . BeESH ]
(=} - - (=} - — (=] . i (=]
5 L “ 1 ' V- ] = :
S ool % ] g r . = I : ] g |
2 T - : 5 T . 5 ot ] N
2z L o » ; b2] - - B Z -
<} B . ] = 0.05— — =} - R o
q>) r L ] <1>) | B °>’ - B g 0.02—
R 001 =, - [l | R od ] mL
B L 7 B 1 -
e e e B E = - i
L) ®eoge ; | ., ] I | |
[RNEEN B RENEN SR ENEN SNETENE S I N Lol ] \I\\‘I\\\\\\J“\.‘J-LI\\ ol b [ecesstooboelesiosieodoodsestosbenianl Lo dondsobasboshsobesiaodendond-o] Lol b ceolecbotedent
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.0 -1 -0.5 0 0.5 1 1.5 2 2.5 3 0.2 0.4 0.6 0.8 1 12 14 L.¢ 0 0.5
2
E/P.(GeV/c?) EmcEnergym(GeV/c?) E/P, (GeV/c?)

2025/9/19 Shanshan L1




Event selection Js = 4.260 GeV
Signal selection criteria

At /s =426 GeV, m (7Z'+7l'0) is used to 1dentify semileptonic decay, combined tag and signal selection .
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Event selection

Js = 4260 GeV
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Event selection

Vs = 4260 GeV

Signal selection criteria
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Event selection

Js = 4260 GeV

ditau BESIII ditau
sigMC | Efficiency . bkgMC bkg ratio
efficiency
num num
No cut 151492 55.7% 48.3% 90351 37.4%
0.115< m(z°) <0.15 116461 42.8% 45.0% 35756 23.5%
E
0.8 <5 (e) <1.05 100881 37.1% 40.8% 28160 21.8%
N(#°) =1, exN(y)=0| 92117 33.9% 31.1% 3350 3.5%
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tt - n*n’p;  Branching fraction measurement s = 4.260 GeV
Signal Fit

Vs=4.260 GeV

» Signal shape: From 2,000,000 ditau inclusive MC;
» Background shape: From 2,000,000 ditau inclusive MC;
» Data:1,000,000 ditau inclusive MC serve as data.
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"D, Branching fraction measurement

Calculation details

Nsig
rreB(T™»e™ v Te)gB(n>yy /K3 » ntn™)

> B(1t - ntn'D,) = —

B(T™ = e"V¢De)err )2 ( B(n? _)VY/Kg S )err )2
B(T e VD) B(n0—>yy/Kg ->ntnT)

> inputsys.=B( Tt - ntn’D, ) x \I(

_— Nsi err err
stat. =B (1t - n*tn'D,) x \/( £7Y2 4+ (87)2

Nsig

Parameter value
Biag 0.1782 + 0.0004
B(n® - yy) 0.9880 + 0.00034
B(KQ - n*n™) 0.6920 + 0.0005
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tt > n*n’D:  Branching fraction measurement

Measurement result

data volume Bf(%) stat. input sys./sys.

Our work 1,000,000 MC 25.39 0.21(0.83%) | 0.06(0.24%)
(4.260 GeV) | Estimated cumulative retrieval 1ab' | 25.39 | 0.0036(0.01%) | 0.06(0.24%)
ALEP — 25.47 0.097(0.38%) | 0.085(0.33%)
Belle — 25.24 0.01(0.04%) | 0.39(1.55%)
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Tt > K*tn’D, Event selection

> The Event selection for charge tracks , n°reconstruction and photon selection in process of
Tt — K*n%D, are the same as for the previous channel.
» PID requirement:
Using PID system: Global PID
e :Prob,>Prob,;Prob, > Probg;
K:Probg>Prob,;Probg > Prob,;
Ng=I,N,=1
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Compare with BESIII at /s = 3.773 GeV
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Comparison chart Vs = 4.260 GeV
Compare STCF at +/S = 4.260 GeV with BESIII at +/S = 4.270 GeV
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Event selection

Js = 4260 GeV

Signal selection criteria

At /s =426 GeV, m (K+7r0) is used to identify semileptonic decay, combined tag and signal selection

2025/9/19

Events/(20.0 MeV/c?)

III|III|III|III|III|III|I!""""

600— # - incMC
}
t incMC bkg
) p . .
400— " — incMC sig
{
oy
H*‘ )
200— 7+ "
s
o‘l #e‘r?.e ]
[ ||| ||| | LS | [ —L|_Lh['-QTeﬂ:!$b_-._‘“-A-JH.M-LA..I__J_
0 02 04 06 08 1 1.2 1.4 1.6
M, o(GeVic?)
Shanshan Li

\’II\_

1.8

2

24



Event selection Js = 4260 GeV
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Event selection Js = 4260 GeV

Signal selection criteria
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Event selection

Js= 4260 GeV

ditau BESIII ditau
sigMC Efficiency . bkgMC bkg ratio
efficiency

num num
No cut 1233 37.59% 41.7% 7560 85.98%,
0.115< m(z°) <0.15 892 24.07% 37.9% 3805 81.01%
0.8 < g(e) <1.05 731 20.92% 34.3% 3173 R0.25%
N(z°) =1, exN(y) =0 689 16.86% 22.3% 1983 74.21%
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Tt - K*n’p;  Branching fraction measurement  s= 4.260 GeV
Signal Fit

Vs=4.260 GeV

» Signal shape: From 2,000,000 ditau inclusive MC;

» Background shape: From 2,000,000 ditau inclusive MC;
» Data:1,000,000 ditau inclusive MC serve as data.
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tt - K*n’v:  Branching fraction measurement

Measurement result

data volume Bf(10-3) stat. input sys./sys.

Our work 1,000,000 MC 2.91 0.32(11%) 0.006(0.21%)

(4.260GeV) | Estimated cumulative retrieval 1ab' | 2.91 0.0054(0.19%) | 0.006(0.21%)

BABR — 4.16 0.03(0.72%) 0.18(4.33%)

ALEP — 4.71 0.59(12.53%) 0.23(4.88%)

CLEO — 4.44 0.26(5.86%) 0.24(5.41%)
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Event selection Js = 4260 GeV

» Charge tracks » K% selection
(Except for those decaying from K2) V.| <20cm ; cos6 < 0.93
VXy<1cm, |V,| <10cm 0.4826 <M_+. - <0.5126
c0s6<0.93 ¥2<200 (Vertex Fitting)

» PID requirement ¥ 2<200 (Secondary Vertex Fitting)

Using PID system: Global PID

¢ :Prob,>Prob;Prob, > Proby

n :Prob,>Prob.;Prob, > Proby

(exclusion for those decaying from K (S) )

N.=1,N, =1,
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Event selection Js = 4260 GeV

Signal selection criteria

At /s =426 GeV ,m(K gn) is used to identify semileptonic decay, combined tag and signal selection

8000.—lllllllllll|lll||IIJIIIIII""""IIIIL
B - incMC

— incMC bkg

(=)
(=]
(=3
(<)
[

— incMC sig

Events/(20.0 MeV/c?)
T T

| IAJI"J.IH.IT‘LLI [

] Ll I ‘
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

My .(Ge Vic?)

2025/9/19 Shanshan L1 RV



6000

4000

2000

Events/(20.0 MeV/c?)

B n"." - incMC 5
- ) N _
i . . incMC bkg ]
L X i
- e ~. ]
| X — incMC sig .
« ~,
i 1 i
- ~ -
"
- L ..~ 7
= \ _

I|III|III|III

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

P.(GeV/c?)
P(r) <1.1
T LI | LI I T l LI | LI I LI 1 I LI
e -+ incMC )
6000—F ¢ —

~ B . .
R3) Il 1 incMC bkg
> . L
[5) T % A
= 4000 2 — incMC sig —
Q <
= 1 |
N "= .
= L
2 h ¢ .
§ 2000t~ L% —
ST \ ol

:kk ‘==::=:“-‘-._ :

L1l |J|||lllll-r'-lg“"?"!‘g-“__!-ﬂ——l—lll'lllll-lxllll

0

2025

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

exMaxE,

eXE(Y)max < 0.2

/9/19

Event selection
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Event selection Js = 4260 GeV

Signal selection criteria

Py <11, () > 08,

8000_]]IIIIIIIIIIIIIIIIIJIIIIII """" 1T T ] L/0L>2, 150—r||||||||||||||||+||||||||| T T F
[ % -=incMC | i -s-incMC 1
. i _ i
‘Seooo_— — incMC bkg N exE(y)max < 0.1, RN ' incMC bkg
2} il 2 1000~ _
= — incMC sig . M(nton™) <0.8 =T — incMC sig
S I . K o
8 4000— =1 a B
= B - » = -
2] - &
b= 1 S 500 ¢ .
B ool : s _
@ 2000 i 2 | ol 1%
- ] i .'.r .. a8
_ ,J.:'ﬂlkg _ I oy T 1
' R Ry 4 L1 ' P S Bhten -4 W N R . Ll I 0 TR SR DY W
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
2
My (Ge VIc?) My (GeVic?)

2025/9/19 Shanshan Li 34




Event selection

Js= 4260 GeV

Signal MC
Initial number of events 16603 | Cut efficiency £(%) | Rest efficiency £(%)
After the algorithm 5498 33.11% 33.11%
P, < 1.1GeV/c 5464 99.38% 32.91%
E
~(e) >08 4869 89.11% 29.33%
Further event
selection L/o, >2 4349 89.32% 26.19%
exE(Y)max < 0.2GeV | 4249 97.70% 25.59%
M(m qn~) < 0.8 GeV/c? | 4103 96.56% 24.71%

2025/9/19

Shanshan L1

35




Event selection Js = 4.260 GeV
Signal Fit

J/s=4.260 GeV

» Signal shape: From ditau inclusive MC;
» Background shape: From ditau inclusive MC;

» Data: ditau inclusive MC serve as data.
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2025/9/19 Shanshan L1 36




t+ - K¢n*p,  Branching fraction measurement s = 4260 GeV

Measurement result

data volume Bf(10-3) stat. input sys./sys.

our work 11,000,000 MC 5.07 0.189(3.7%) | 0.012(0.23%)
(4.260GeV) | Estimated cumulative retrieval 1ab' | 5.07 | 0.0004(0.008%) | 0.006(0.21%)
Belle — 4.16 0.01(0.24%) 0.08(1.92%)
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Summary

> We have measured the branching fractions of the decay T+ — ntnD,, T+ —

K*n’D, and T+ — Kg:ﬁvT at /S =4.26 GeV.
» We have also compared the performances and efficiencies between STCF and BESIII

at +/S = 3.773 GeV and +/s = 4.26 GeV. Apart from significant differences in the

distributions of m(z°%), E/P(hadron), and the EMC energy of hadron , the

distributions of other variables are relatively similar.

Next to do

» To use more MC samples.

» To estimate the strong coupling constant and CPV .
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