) ¥ Bz HAXR $ & 5,——5;

nd Technology of Chin

STCF L ¥R I fEE -

BH T
PERFRARKE

BRMREETITS
2026.7.2 A&



D BRI EREE

+
l Super Tau-Charm Facility

Outline TC

ﬁ
—

»Motivation

»Analysis strategy

»Simulated data sets

»Single tag analysis

»Double tag analysis

»Measure the Form Factors and V.

»Summary



- B 4% i S5 1

+
l Super Tau- Chc.'rrn Facmty

Motivation

T

ﬁ
—

B Determination of CKM matrix element or Cabibbo-angle 0.. In fact, different previous measurements of 0.,
have

B =" - Ae V. canprovide a complementary method to and to test the Unitarity of

the CKM matrix. LR | Vio Kg, N, = 24141

s 0.2233 = 0.0005
. . . Vis Koo N, = 2+141
v" Determine the branching fraction e 05250 + 0,000
. ds u —e—  CKMunitarity &V_&V,,
v Determine the form factors g O:2erz= 0001
4 H—e—H T — Xv [OPE-1]
v 0.2184 + 0.0018 + 0.0010

I . i T — X,v [OPE-2]
S W™ 0.2219 + 0.0022

2 2A5 4 —a—i T — Xv [latt-disp]
r —_ GF|VMf1 (0)| A 1 — éé 0.2240 + 0.0018

e,.SM 60][3 2 —e—j T — XV [latt-incl]
0.2189 + 0.0018 + 0.0007

3 (0)2 92(0) 91(0)] H—e—H T 5 Kv/t—oav
3(1—=6 — 46 0.2229 + 0.0016 + 0.0010
" ( )mmz £1(0) £,(0)

dss —e—il T — Ky
0.2224 £ 0.0016 £ 0.0008

—e—il © exclusive average
0.2225 £ 0.0015 £ 0.0008

PRL 114, 161802 (2015) e < average

0.2208 + 0.0013 £ 0.0005

0.22 0.225 HFLAV

IV,


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
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B Study of SU3 breaking effects.

v g1(0)/f1(0) has intriguingly . Lots of phenomenology models are waiting for more experiments.
v' g, is 0 or not. Could be the first observation of a second-class weak-interaction current.

B Proton spin content

v" Provide complementarity to polarized deep inelastic scattering experiments for the determination of the proton spin content.

Decay Scale £,(0) g,(0) &/ fi £,/ £
n— ped Vg 1 D+ F F4+D %M = 1.855
P
i RERMET T A L S T
® *gﬂ . .EJI = o Eer Y M, 2 :
oo Aety Uy O 2p Zp _Ms: [l 490
1 1 1 3 3 M, V272
(3) _ . Ms— @pep+ pa) _
/ dz g (x, Q ) = (EQA + 36gA 1+ E CNS¢ (g (Q) =% Vg V2 o 2F F M, a =0
0 0
£21 s Ete v Vg V2 —2F -F Mo @utp 1) _ 53
( ) Q? "o )
0 2 - - =0 (tp — n
|mv{1 + E cse Qg (Q } + (’)( ) — )81(@ )4M2' ORI Y R N | D+F F+D EPT:”W
£>1 N P 1 RS M- (p —pn) _
BT W o (D+D F+D T =2.609
S~ —nev V, -1 D—F F—D Aﬂ/"; W —1.297
P
0 s pep L Lo _ My Gupt+ 2p0)
BEoper Ve & 0= h) F—D ", S = - 1292
— = 3 1 My pp
A — pe D Vs =/ ——=(D+3F) F+ D3 —E2 _ 1066
& : /% M, 2
o - 3 _Lip_ _ _Me- )
B = Ae b Vi \C Z(P-30 F =D T = 008

Annu. Rev. Nucl. Part. Sci. 2003.



https://www.annualreviews.org/content/journals/10.1146/annurev.nucl.53.013103.155258
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B Searching for new physics PRL 114, 161802 (2015)

v" Provide extremely stringent constraints on the Wilson coefficients (€, €7) of new physics.

v Complement the search for new physics at high-energy experiments such as the LHC.

R#€’=F(Bl _fBQJH_[_/#). RMC l_m_;.zt( —Em_ﬁ_.cl,m_ﬁ) Y
['(B, — Bye7,) M AZ 2A2  A? 0.0l
15 m4 m2
— Earctanh( {/1-—2£).
Ty asiean ( AZ) 0.05{
RH¢
R = 1 + rseg + rrer, 5 0.00
SM
A-=p X" —n 53t E--SA -0.05}
g1(0)/f1(0)  0.718(15) —0.340(17) 1.210(50) 0.250(50)
fs(0)/f1(0)  1.90(10)  2.80(14) 1.36(7)  2.25(11) -0.10} ol _
fr(0)/f1(0) 072 —0.28 1.22 0.22 Y& R
rg 1.60 4.1 0.56 3.7 . . ; , 2
rr 5.2 1.7 7.2 1.1 -010 -005 000 005 0.10

€s


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
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Analysis strategy

'__

v Double Tag Method: L -
Double tag method can reduce several terms of / ya
systematic uncertainty. tag = /'Z )

— — _ - / +
Tag Mode: E* - An*, A - pr™ S o =
e
Signhal Mode: 27 - Ae™ v, A = prt™ & signal
e e _ signa

Yield of each side: n:.

hd NST — N]/l/) X Br]/lp_>§+3— X BT§+_>/—\ TL'+ X Br/_\_)ﬁn.+ X £ST

* NDT - N]/lp X BT]/IP—>E+E_ X BT§+_)/_\ ot X Br/_\—>ﬁ7T+ X BT‘E—_,Ae—Ve X BrA—>pn‘ X sDT
Npr , &st 1
* Brz—_j,-3 = X X
EoAe Ve ™ N T gEpy Bra-pn-
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v" OSCAR version: 2.6.2

v CDR J/1:3.4 x 102

v" Simulated MC and dominant BKG sample: 5.0 X 10°(2 X) and 5 x 107 (0.1 X)

v Signal MC :ete™ -» J/Y > E¥E",E* - An™, A - prnt,A - pr~

v’ Background MC: ete™ - J/Yy o EYE7, 5t > Ant,E2~ - An~ ,A->prnt,A > pr~

e ST-MC: /Y - EY(Ant (A - prt))E™ (anything)
e DT-MC: /Y - EY(prtat)E-(Ne V. (A — pr 7))
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Single tag analysis
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» ST signal MC truth information(final state particles):

Histogram 1 Histogram 1 Histogram 1
2000 2000 2000
% - % - -
> - . > - . - .
@ 18001 —STsignal | @ 180F — ST signal 18001 — ST signal
1600 [ 1600 [ 1600 [
1400 [ 1400 | 1400 |—
1200 [— 1200 [— 1200 [—
- A - =+ -
1000 PTL'+(A) 1000 (:‘ ) 1000
800 800 800
600 600 600
400 400 400
200 200 200
0 11 L | 1 - | 11 Ll I Ll 11 I 1 11 | | F—— I. IIIIIIII 0 :l Ll I A : 1 1
0 G0E o he s o 03 0% o4 0 } ) ) . ! ] 035 04 83 0.4 0.5 0.6 0.7 0.8 0.9
P(A) (GeVic) P.(Z) (GeVrc)) P; (GeV/c))

e ST-MC:J/Y - E¥(An* (A - prt))E~ (anything)
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» ST Event Selection Tag Mode: E* - Ant, A - pr*

v Good charged track :No Vertex requirement;| cos 8| < 0.94, Ncharget 2 2; Nenarge- 2 1

v Particle ID: For proton:p; > 0.32GeV/c; N; = 1;
For pion:p_+ < 0.30 GeV /c; N+ = 2;

v'Vertex fit for A, E* : Primary vertex fit :p*for A, A *for £+
Secondary vertex fit :A w*and 2%, E*and initial vertex
2 2
(Mﬁn*'_M/_lpDG) (Mpn+n+ ~Mpnt *Mippg _M§+pDG)

Loop all the combinations, select the minimum y? = = + o,
2 2

o
=)

v'Decay length: L5/0, > 0&& Lz+/0;_, > 0

v Mass distribution : Mz — My, | < 0.006GeV; |[Mpps — Myps + Mz, — Mzx | < 0.008Gev
1.273GeV < My < 1.363GeV
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» ST Event Selection
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.'g F

@«

= [
W 7000

6000

5000

4000

3000

2000

1000

30000

25000

20000

15000

10000}

5000

—BESII
—OSCAR

95

EEKF]

. 113
M. (Gevic?)

10000
£

L]
@ 9000

7000

30000
25000
20000

15000

10000

5000

10

o_llll‘IIIIlIIHlIIfI]IIII] HI]II[I]\IIIIIIIIIIII\

|IIII|1ITI‘|I1I[III

N
ST TTT[TTTTITTT

ﬁ
—

1.273GeV < M, < 1.363GeV
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> Cut flow

Selection Criteria Event

number
Total Number 500000 100.00 —-mme 100.00 —-mme
Good charged track 480551 96.11 96.11 92.81 92.81
Ny = 1 444423 88.88 92.48 80.53 86.77
N+ = 2 352551 70.51 79.33 54.27 67.39
Z* Vertex 335150 67.03 95.06 48.01 88.47

Further cut 173603 34.72 51.80 27.27 56.80
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Double tag analysis
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» DT signal MC truth information(final state particles):

2 2000

c E 2000 00—
G 1800 — DT signal 18001 — DT signal - — DT signal
1600 1600 00f-

P,-

L M BRI BRI
035 04 . ! . 03 035 04
P, (GeVic) P.- (GeV/c)

e DT-MC: J/y » EXY(prtat)E~(Ae v, (A — pr 7))
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» DT Event Selection Signal Mode: = — Ae™v,, A » pr~

v’ Particle ID: Proton:p, > 0.32GeV/c; N, = 1;
Pion or electron:p/m~ < 0.30 GeV /c; N = 2

v’ Vertex fit under the hypothesis

Primary vertex fit :pt~ for A, Ae™ for Z7.Secondary vertex fit :A and Z7, £~ and Primary Vertex.
Loop all the pairs, select combination by minimizing |M, ;- — My, .| and minimizing primary vertex fit XAo- Of 27
=~ secondary vertex fit has also been done to get the decay length information.

v’ Vertex fit under the hypothesis
Primary vertex fit :pn~ for A, Am™ for £7.Secondary vertex fit: Ar"and £7, £~ and Primary Vertex

2 2
: . (M + __MAPDG) (M tan "Mp+ _+MAPDG_MEPDG)
Loop all the pairs, select the minimum y? = =-~—2-F% = oo —
A =

-

* Mz~ —Mpg- +Mp,,. — Mz | > 0.0054GeV

“PDG

v Further cut: L /o, > 08&& Lg/ay, > 0; x3.- <20; My — M, | < 0.006GeV
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» DT Event Selection

225000 »
g C —— Dominant bkg $ 12000/ —BESII
w - w -
20000} — Signal i —OSCAR
- 10000 —
15000 - 8000 —
10000 B
5000 |— C
- 2000 —
P28 120 13 131 132 133 134 135 186 137 138 95 1_705 T '1_1'15' e 1125 Ti3
My M. (Gevic?)
10000 » 8000 10000
— BESII ] C — BESIII F — BESIII
. = [ =
000 & 7000 — 9000
8000 f~ — OSCAR E — QSCAR 8000 — — OSCAR
H 6000 — =
7000 F 7000 —
6000 5000 8000 -
50004 4000[— 5000
40004 3000 40001=
30001 E 3000/
F 2000 =
2000 E 2000~
1000 1000~ 1000
0: : = = | - i RN 2 N A N i TR S : TN, T Y R R s
0 10 15 20 25 320 9 00 -80 -60 —40 -20 0 20 40 60 80 100 S0 =0 w0 20 0 20 40 60 soL ; 100
X (3 =10
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Double tag analysis
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> Cut flow

Selection Criteria Signal Dominant bkg Signal Dominant bkg
Absolute Relative Absolute Relative Absolute Relative Absolute Eff. Relative
Eff. (%) Eff. (%) Eff. (%) Eff. (%) Eff. (%) Eff. (%) (%) Eff. (%)
After DT Vertex fit 19.83 57 .11 22 .47 -- 13.58 49.80 15.92 ---
veto dominant bkg 17.55 88.50 5.92 26.35 11.99 88.29 3.05 19.16
Ly >0 13.51 76.98 3.53 59.63 9.98 83.24 2.06 67.63
O'LA
Lg- >0 10.72 79.35 1.70 84.16 8.60 86.17 1.31 63.50
O'LE_
x*<20 9.90 92.35 1.05 61.76 6.77 78.72 0.54 41.37
|M - — MYPCG| < 6MeV 9.32 94 .14 0.59 56.19 6.50 96.01 0.44 81.84
Global PID or BDT 3.99 42 .81 0.00217 0.37 4.15 61.57 0.00066 0.15
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o.a:— . * ¢
- ) . 3, F
06— o ¢ e L
& [ *o—e @B 20:
o . e 1of-
L - o h-a g -
02l b ° . =
B o R . . 13'_—
°ah.' S '3'.1'.' ' 'ais (Iae:.'lr: Ty B 1T:—
l Optimize =
1:_ e o ® e ® 9 4 15:_
o8- T 14l
i . . | L 1 | 1 |
06l 0.9 0.92 0.94 0.96 0.98 1
.,? i *g—se probE
t e ~ signd  Background
L . ®e—=pu
0'2:_ . . Absolute Eff. (%) Relative Eff. (%) Absolute Eff. (%) Relative Eff. (%)
00_ 00 X = '.h.1|5'.' Sl :ozls :':o.l; 035 3.99 42.81 0.00217 0.37

P (GeVic)
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Ev - cm/2 EA E

P,=Pg _—Py—P . e L
v Scorr A € Comparison of the distribution of Umiss different processs
@ 160¢ 2 160~
S C @ I S —
G 140/ — OSCAR 9 a0l | - Signal
B - %E —An
1201~ 120
100[— 100 _
80— o
60— 6ol R
40— 40P
20— 20
:1 [ R R R | Pore Jo0 0 Ly i‘- s o, RS | Lo 1
B85 -0 Z0.05 0 0.05 0.1 0.15 o o R a7 v
Umiss/GeV U, ./Gev
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Measure the form factors p—
-

> Differential cross section:
By = Rupbpy, Ay = Rypayy

W < Vpp(g%) | q* —

,v=0

3 3

E A =
77 7 Up ’A AVVIAVIO )
u' i

R, ,: Rotation matrix, Cy3: Polarization and spin correction

byy: Semi-leptonic decay matrix, a,,: Non-leptonic decay matrix

> W=W(_E¢, w)
)

Observables: & = (95—, On Do Op, Gp, Ox, O, 05, G5, Ocs Pe, q

Fit parameters: w = (ay, AD, az, Oz, Ap, 9avr Gw> Jav2r Ap)
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» Likelihood: L = [15~, W(fi;‘)) 0= L yNuc WEpw)

> Predictions:

* Fix g,, 9av2: Agap,~0.003 = 36 X precision
* Float Yav: Gwr Yav2-
Ag,,~0.007,Ag,,~0.04,Ag,,,~0.05

PDG value

0.14=0.11
o

BESII measurement

34+0.09
BESIII I/O check

» Input parameters for DI'Y MC sample:

_ STCF (without BKG)
* Channel: £ - Ae™ v, A - pr~

EAEIFSEE IR ENEN .

0.586 1.213 0.25 0.085 0.3756 —0.012 0.7572 —0.7629

STCF (mixing beam BKG)
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Summary

v This work is now ready to study at the STCF under the OSCAR framework.
v Optimized the event selection of 2= - Ae~v,

v' Fitted the form factor g,

Next to do

» Try to fit with the g,,, and g,, and further calculate V,

—— Thanks!
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