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Introduction
Standard Model

LIThe innermost structure of matter
®Three generation of fermions
®Four gauge bosons & Higgs boson
®Hadrons formed by quarks and gluons

_IBasic interactions among elementary particles
®Strong: Quantum chromodynamics
®Weak & Electromagnetic: Electroweak theory
®Particle mass: Higgs mechanism
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Introduction
Challenges facing the Standard Model

IThe origin of hadron mass?

"llnner structure of hadrons?

[IHadron decay mechanism?
®Significant non-perturbation QCD effects

®Hyperon: baryons containing s quarks

®Proving ground of basic symmetries: SU(3), CP
®Decay of ground hyperons:
®Weak hadronic decay (X* — pr?)
®Semi-leptonic decay (2t — pev,, It - pee)

. s
£ ™
® Weak radiative decay (WRHD) (¥ — py) Yl @gg%%&@ﬁ %gj (} y/
P

s
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Weak Radiative Hyperon Decays

Overview
LIFlavor Changing Neutral Current process (s — dy transition) A-ny 20 - Ay
. . s+ 50 - 30
LIA symphony of strong, weak and EM interaction — Py i
YWony | B2y
Ll1Effective Lagrangian O > =y
eGrp _
L= T""Yf(aPC + bPVy5) oM YE,, s W d s 4ot d
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Weak Radiative Hyperon Decays

Effective Theory Point-of-view

_IHara’s Theorem: a5t /z- = 0 under SU(3) symmetry

IVarious predictions based on: VMD, Broken SU(3), Pole Model, Quark Model, NRCQM,
Baryon ChPT ...

1Topology diagrams based on baryon ChPT sci.sull. 67 (2022), 2298

®LO contributions (parity conserving)
— d"‘r —df B
@®NLO contributions é é‘ é é
o2 2 g

o N
1 L

B : share with weak hadronic decays

@ : determined by octet baryon magnetic moments

Meson-Baryon interaction vertex: share with semi-leptonic decays




Weak Radiative Hyperon Decays

Effective Theory Point-of-view

®Unique contribution from “direct photon emission”
®Need experiment input from 2% - A(Z%)y or A - ny process

Re(b)zoy0 = \/gRe(b)EOA Re(b) 5, = —Re(b)zo
Re(b)go, = —V3Re(b)zon Re(b)yi, = Re(b)z 5 =0

Some Conclusions
_!WRHDs contain the same FF information of hyperons as weak hadronic decay & semi-leptonic decay

_INew FF contributions introduced by the decays sensitive to QCD models

_IHigh precision experiment inputs are indispensable to understand the decay mechanism




Weak Radiative Hyperon Decays
Physics Beyond the Scope of QCD Phenomenon

CINew physics in Y; — Y¢I71™ decay
®Smoke screen of new physicsin X+ - pu*u~ decay
Phys.Rev.Lett. 94 (2005) 021801, Phys.Rev.Lett. 120 (2018) 22, 221803

®Experiment results of WRHDs provide SM expectations on such decays — narrowing the range for NP!
JHEP 10 (2018) 040, JHEP 02 (2022) 178
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Weak Radiative Hyperon Decays
Physics Beyond the Scope of QCD Phenomenon

LICP violation in radiative decays
®CP violation in heavy flavor radiative decays extensively predicted under SM
®Decrease as quark mass decreases

® May be significantly enhanced by NP up to 0(10)%
Phys.Rev.Lett. 109 (2012), 171801, JHEP 01 (2013) 027, JHEP 04 (2017) 027, JHEP 08 (2017) 09

®Extensive experimental studies on K, D and B meson decays

K* - ntny 2% 1076 —1 %105 Kt - ntnly 0.0000 + 0.0012 —>nK+y —0.12 + 0.07

K, »>ntny 107 — 1073 D° - py 0.06 + 0.15 - ¢pK*ty —0.13 £ 0.11
D - py <2x1073 D® - ¢y ~0.09 £ 0.07 B* > pty 011+ 033
b > sy 0.1 —1)% D°,D° - K*(892)°y  —0.003 £ 0.020 B° 5 K*(892)°%  —0.006 + 0.011
b — dy (1—10)% B* > K*(892)*%y 0.014 £ 0.018  B® > K; (1430)°y —0.08 +0.15
B - py ~10 % B* - X,y 0.028 + 0.019 B® > X,y —0.009 + 0.018



‘Weak Radiative Hyperon Decays
Physics Beyond the Scope of QCD Phenomenon

ICP violation & WRHDs
®Limited studies in baryon sector
®Unified WRHD theory is the basis for related research

®Two CP observables:
BF, — BF_ _apta

Acp = —
¢ 7 BF, + BF_ T, —a

SM predictions on Xt — py Acp Acp

Phys.Rev.D 51 (1995), 227 10> —10~*
Commun.Theor.Phys. 19 (1993) 475 107> —10*
arxiv:2312.17568 2x107°



Weak Radiative Hyperon Decays

Experiment Research Status

CIFixed target experiments govern the results before 2022 ™7 |

(~23 papers from over 5 experiment groups) % M M
L LT

MORE accurate measurements

Date priment BE <107 Oy 1987 SPEC 0.227 + 0.102 -
2022 846+ 0.039 + 0.052  —0.160-0.101-£0.046

Exprimen &«
BESII 0 04 — Y
E761 1.75 + 0.15 ; =y
SPEC 1.78 + 0.24 ; - o,

Date Expriment BF (x10°%)

/A

x
dcosh 1 + aPycoso

1992
1979 SPEC <0.31 :




Studies on weak radiative
hyperon decays at BESIII




BEPCII & BESIII

Electromagnetic Calorimeter Muon Counter
c = O RPC
T o s O CsI(Tl): L=28 cm [1 Barrel: 9 layers
e an R Pt e S | ] Barrel 05=2.5% [0 Endcap: 8 layers
. i [0 Endcap 0=5.0 % Ll Ospatial: 1.48 cm

%

BESIII
detector

5

R << e

m| Ecm = 1.84—4.95 GeV Main Drift Chamber Time Of Flight

L1 Peak luminosity @ Ecyy= 3.773 GeV: L Small cell, 43 layer O Plastic scintillator
~1.1><1033 Cm—ls—l 0 0,,=130 pm [0 or(barrel): 68 ps

1 Circumference: 237.53 m o dE/dx™6 % H or(endcap): 110 ps

[1 Crossing angle: 2x11 mrad K 0p/p=0.5%at 1 GeV [0 (update to 60 ps with MRPC)




‘Hyperon Physics at BESIII

ClUniquely pair-produced hyperons from 1y decay, e.g. ete™ - /i - YY

L10ver 70 million hyperon pair events collected from 2009-2019

Decay Channel | BF (x 1073) Neye (X 109)

J/w—AK 189 +0.09 19.1
2009 224.0 + 1.3 J/Y - EtE™  1.07 +0.04 10.8
2012 1088.5 + 4.4 J/p - 2%2° 117 +0.03 11.8

J/Y > x7 3t ~15

3813 DUl SR ]/ﬁ — 5070 1.17 + 0.04 11.8
Total 10 087 + 44 J/Y - E"E-  0.97+0.08 9.8
Total ~78




Hyperon Physics at BESIII

Decay Parameter Study

LIHyperon spin correlation & Decay parameter measurement
®eg.ete” > /P > E%(-> AY)E’(> An®) A-prn~,A- prt
®Decay amplitude (Helicity):

3

3
_ = A _E A
W = Z Cwauu,aﬂroaw,avro

uv=0pu’'=0v'=0

Helicity angles:

HE'.' BA' ¢A' 9/_\' ¢j_\' Bp' ¢pr 015' ¢ﬁ
Decay parameters:
a]/l/), ACI)LIJ, az, ACDE, asz, ACDE, ap, Ap




Hyperon Physics at BESIII

Decay Parameter Study

L1C: polarization and spin correlation matrix [la: decay matrices of hyperons

of YY
B =vV1—a?sin(A®),y = V1 — a?cos(AD)
Coo = 2(1 + ay cos® f=0), Cao = —Cop, s L _ -
noo ®For- — - 4+ 0 decay (E° - An°)
Copp=24/1- cx?}, sin fzo cos Bz sin(ADy), Cr = ay(Cy, 2 2
1 0 0 @
Ci = 2 sin? =0, C3 = —-C13, &£ = acos¢gsinf ycosfcos¢ —fFsing —Fcosfcosd —ysing sinfcosd
h =1 a@sin@sin ¢ peosp +ycosfsing ycos¢ —Lcosfsing  sinfsing
Ciz=24/1- af?}, sin B=zo0 cos B=zo cos(ADy), Cs3 = —2(ay + oS> f=0), @ cos 6 —ysinf Bsiné cos f
. ° 1t 1t _ —~0
LIBESIII observation of non-zero Ad®y For> — - + 1 decay (E" — Ay)
®Transverse polarization and spin-correlation b 00 e
. = |acos¢gsind 0 O -—sinfcos¢
between hyperon pairs Nature Phys. 15 (2019), 631 @ =|asin@sing 0 0 —sinfsing
@ cos 6 0 0 —cosf
Decay @y Ay Polarization (%) [[IDecay parameters fitted from amplitude
J/ih— AN 0475+ 0.002+0.003  0.752 4 0.004 + 0.007 24.7 . L ) _
Jjih— $YE —0.508 4 0.006 +0.004 —0.270 + 0.012 + 0.009 16.4 ®Sensitivity multiplicated by several times chin. Phys. €
J/i —Z"EY 0.586+0.012+0.010  1.213 +0.046 + 0.016 30.1 47 (2023), 093103
J/i —Z°2° 0514+ 0.006 +0.015  1.168 + 0.019 + 0.018 32.1




Hyperon Physics at BESIII

Absolute BF Measurement

IDouble-tag method for BF measurement

6 6
0.7¢1% 02510
5 061 - S 02f
E 0.5f b 2
S ()4;_ . 80.155—
S 0.3F ey < oaf
g 02 50.05}
UE 0-1:_ m 85 | 1 |
O 26 128 13 132 134 136 1 6 08 1 12 14 16 18
1.26 128]‘4’1;/%}2%%94 136 1.38 i
ST reconstruction ST recoil
— —
Mz o M. = M(Pcpy, — P/_\no)



‘Measurement of the Decay X — py

Datasets
IData
©10 B J/y data accumulated in 2009-2019
LIMC sample
LBy e MG
®Signal MC
®1 M DIY MC aj/y —0.508
®1 M PHSP MC ADy —0.270
®Exclusive MC Ayt prO —0.980
®j/Y - 2S5 pn®, 57 - pn®: ~10 M, DIY A5+ Sy —0.652

o/ /Y -»3tE7, 2t - pn®, 7 — pr®: ~10 M, PHSP
o//Y -2y, 2t 5 pr% £~ - anything: 10 M, DIY



Measurement of the Decay X* — py
Event Selection - ST

ICharged tracks: LItV Selection:
o). < 2cm,|V,| <10 cm,|cosfB| < 0.93 ®Loop over all combinations of neutral tracks and
on., <2 preserve all m° candidates passing 1C fit
_ ®116 <m,, < 148 MeV/c?
CIParticle ID: B i
®p/p criteria: 1Y~ Selection:
®prob(p) > prob(rr) and prob(p) > prob(K) om0 — my+ | < 4.5 Mev/c?
®Momentum > 0.5 GeV/c ( Kinematic constraint) 5 5
.nﬁ > 1 OMpec = \/(Ecm - Eﬁ —Eqp0) — (pﬁ + pno)

LINeutral tracks:
®Nominal energy&angular requirement
®Angle between n.t. and c.t. larger than 10°
®Angle between n.t. and p larger than 20°
Onpe =2



Measurement of the Decay X* — py
ST Fit

LISignal shape: truth matched signal MC shape @ Gaussian
]/ — AYA~ BKG shape: PHSP MC

IResidual BKG: 3" order Chebychev polynomial
LIFit method: binned extended likelihood fit
CIFit range : 1.07 < M. < 1.32 GeV/c?

x10°
140F 120
- 3120F 100f
pns —)pﬂ'o > —>f)7TO 3100;— 80:
STYield | 250938042301 | 217777142285 S F “60f
esy (%) 14.31 39.02 § a0 sof
B(x1073) | 1.078 £ 0.001 1.062  0.001 “ a0f 20 |
0 B s s O i 12

115 12 1 . 12 , 125 13
Meo(GEV/C?) Meo(GEV/C?)



Measurement of the Decay X* — py
Event Selection - DT

1O0bject number: IDominant background:
®1 proton ®//Y > 3tE7, 2t 5 pn% 57 - pr®
®At least 1 photon candidate o//Y > ATAT, AT > pr®, A™ - prr!
3
LIKinematic fit: < ofd P
®ppr'y hypothesis = 3: & !Sf%er o
@5 constraints: the total 4-Momentum, T%mass @ 62— ] -%32;‘”
®Final state particles from ST are fixed 7] 5
®Loop over all signal photon candidates § g
®Preserve the combination with the least yZ, - 2
[JUse proton momentum in the % CoM \
%.1 0.15 02 025 03 035

frame to extract DT signal (p,)
200 times the signal!




Measurement of the Decay X* — py
DT Background Study

lIntroduce 1 more photon into 5C fit
.X§C,4y > X§C,3y

L1Optimize ch cut in signal region 0.21 < p, < 0.24 GeV/c
®Require yZ. < 30

x10> 10°
; 9: Y —— Data >’ﬂ'25><
O 8F .+ R Other Bkg [oh) Z ; —— Data
= 7E d == AA = o N BN Other Bkg
Tp) s Emr opn To) - e ATA
& 6f — T Py 8T oD
= 5: 95_
2 °F L F
S 4F c I
(O] : ()] 1
D 3 |
2 0.5}
1E S [ o %
%.1 0.15 0.2 025 ., 0. 0.35 1 1 2 0
P; l%eV c:‘{3 % 0.15 0 0.2 Pp /%ev B9



Measurement of the Decay X* — py
DT Background Study

CIMajor BKG: non-Z* baryons’ decay (e.g. At - pr?) 5 x10°

2.
e e : >
®Significant life time difference s b o
. . o] i —éﬁ’
®Define an effective decay length ) i3 - op
e 1
/' __ x10° ol
L / p 5% 0-5F y
P — e ; . e
Lo O = o 4E¢ 37015 02 o025 03 035
N AP S o
\ ““9: 3P ; §8X —— Data
\\ ]/II} N YD *E 21.6f :%ggrskg
2 Q-4E -
i M oF —I-py
2 1F
’ S0.8F
_ 0.8
P, Ip. P “oak
S8 T =~ . — 0.2F
,0N B © Signal efficiency > 78 % o i i r e e
A J/P - A*A- ©® Background rejection > 93 % ' ' ' ' ' '




Measurement of the Decay X* — py

DT Fit

_IFit method: unbinned extended maximum likelihood fit

CIFit range: 0.15 < p, < 0.30 GeV/c

} &) Gaussian

[JResidual BKG: 2" order Chebychev polynomial

Llsignal MC shape: DIY MC
Ot - pr® BKG shape: DIY MC

LlIndividual & simultaneous fits performed

X103

: s 600
P | i
o f $ 400}
o~ -
>3 (a) i
ﬁ - ¢ & 200}
Q2r i 1 %3702 023 004
\; [ ; ¢ Data
‘E : m—= Total Fit
g ]._— — = Signal
m I ' —pn’ BKG
0: — . Other BKG
0.15 02 0.25 0.
pr (GeV/c)
x103
: 3 600
<UF 71 400
>3 (b) [
o [ f 12000
= it
i o AT
@ 2r T %37 0327023 004
‘; [ _‘ § Data
=81 — Total Fit
5 1__ 4 i — - Signal
5 [ ! T Spn BKG
[ —  Other BKG

3



Measurement of the Decay X* — py
DT Fit

LIDT branching fraction:

Clindividual and simultaneous fit results consistent

lIndividual BF of two charge conjugate channels differs only 0.31 o

Xt — py X7 = py
ST Yield 2177771 + 2285 2509380 + 2301
egr (%) 39.02 44.31
epr (%) 21.16 23.20
Individual BF (1.007 4+ 0.032) x 1073 | (0.994 + 0.030) x 1073
Simultaneous BF (0.997 +0.021) x 1073
Correction factor 0.998 0.999
Corrected individual BF | (1.005 + 0.032) x 1073 | (0.993 + 0.030) x 103
Corrected simultaneous BF (0.996 + 0.021) x 1073




Measurement of the Decay X* — py
Decay Asymmetry Parameter Measurement

LIFurther requirements to improve signal purity

[1Signal region: 0.215 < p,, < 0.235 GeV/c

EI)(% < )(fto cut: treat signal photon as missing particle and compare y* under two
hypotheses, m, = 0 or m;0 = 0.135 GeV/c*

. x10°

> [+ Data

031'4 B Other Bkg

=4 pl=1"
Llmmi —-pn

— X -py

%.1 015 0.2 0.55 O: 0.35 ..1 A 2 2 . .
B BT 02T 0E 0g 0

c

Processes | * — py | £~ - py Processes | £* - py | £~ - py

Signal | 1137 38 | 1225 = 40 Signal | 1026+ 38 | 1076 = 40
Stoopn® | 101+£4 | 1085 Stopn® | 58+4 62+4
Other BKG | 76+7 | 112£9 Other BKG | 536 70 +7




Measurement of the Decay X* — py
Decay Asymmetry Parameter Measurement

!Method: unbinned likelihood fit 1Objective function:
LlInput parameters: & = (05,6, ¢, 05, ¢5) § = —InLyaa + InLpyg
CLikelihood construction: IConstruction of BKG likelihood:
N Wi, H) | Mg o>t - pr® BKG: extracted from DIY MC (5 X Ngata)
L= l_[ l]\f’ N = N z WiMC(f, H) ®Other BKG: Use data in sideband region ( 0.088 <
i=1 MC 731 pp, < 0.1GeV/c, 0.204 <p, <0.216 GeV/c) to
®W;: differential cross section estimate
® N : normalization factor based on PHSP MC ®Number of BKG: obtained from individual DT fit
®H = (a]/w,Aq)w, A+ _py Otz—_WO) LIFit result of two c.c. process deviates 1.1 ¢
1Objective function minimization: MINUIT Processes St opy | -y
Individual fit | —0.587 +0.082 | 0.710 + 0.076
Simultaneous fit —0.651 = 0.056




Measurement of the Decay X* — py
Systematic Uncertainty Study

Source BF uncertainty (%)
Tracking and PID 0.4
Photon detection 0.3 S it
V2 < 30 0.8 ource @ uncertainty
X§ c < Xﬁ‘y 0.2 Tracking efficiency 0.001
Decay length cut 0.4 Decay length cut 0.005
D 0.6 )(% < )(30 0.006
ecay parameters ' Signal region cut 0.014
ST yield fit 0.4 Background likelihood value 0.004
Fit range 0.8 Background event number 0.002
Signal shape 0.2 Other decay parameters’ uncertainty 0.011
0
E+_ — pn shape 0.5 Total uncertainty 0.020
Polynomial background shape 0.8
Total Uncertainty 1.8




Measurement of the Decay Z° — Ay

Datasets
[IData
©10 B J /4 data accumulated in 2009-2019
LIMC sample a 0.514
©10 B J /Y inclusive MC AdDy 1.168
®Signal MC for ST: Az0_, p 0 —0.375
®J /¥ - E%(- anything)Z%(- Arn®),A - pr*: 20 M, DIY ADzo_ 0 0.005
®Signal MC for DT: A50_ 770 0.379
/Y - E%(> Ay)E?(—> An®),A - prr™: 1.5 M, DIY, PHSP Adso_ 5o —0.005
EV>AT '
®Exclusive MC: an 0.755
®j/Y - E%(-> Ar®)E%(> An®),A - pn~,A > prn*: 0.5 B, DIY . _0.745
®j/Y - AXm +c.c. MC: 20 M, DIY tzop —0.749
EV-Ay .
(Zgo_,‘,—\y —0.749



Measurement of the Decay Z° — Ay
Event Selection - ST

LICharged tracks: X10° X
®No requirements on V., V,, |cos8| = 50%- =0, —; 60 D[Z*
o A0F CIA/A = S0
LIParticle ID: < so0f = o
“P/P >
®prob(p) > prob(r) and prob(p) > prob(K) i o 5 OE T
®Momentum > 0.3 GeV/c 05 Lo IS po, B30 0 0.10203 040506070809 |
®nt : Tracks other than p/p x10° :
F ——Data
JA Reconstruction (all candidates preserved): = Sgral MC

®Vertex fit on pr™ combinations
®|my+ —mz| < 6 MeV/c?

Events / (0.25 MeV¢2)
Sooo oooo

cocooP———==2
OO R R 50— N B O 00 B

1 1.105 1.11 1.115 1.;2 1.125 1.13
mW/GeV c



Measurement of the Decay Z° — Ay

Event Selection - ST

LIPhotons:
®Nominal energy&angular requirements

®Angle between n.t. and c.t. (p) larger than 10° (20°)

CI7z0 Selection (all candidates preserved):
®1C kinematic fit on yy combinations

®115 <my, < 150 MeV/c?

] Object number:
®N; > 1,Ny+ 21, Ng =1, Npo =1

[1=9 Selection

2 2
OMz0 = \/(E@ﬁ + Eno) — (pﬁn"' + pno) — Mp+ + My
®Signal region: |m,—mo — m§o| < 12 MeV/c?

80F

50
40
30

Events / (1.00 MeV¢?)

70F
60 F

20 -
10
0 ~

x10°

[ —e— Data

[~ - Inclusive MC

== Signal MC

= Unmatched signal MC -

*ee0es00es

— |

0.11  0.12

x10°

013

W

3 v C£4 0.

15 0.16

o <
W N

©c L o
— b W

Events / (2.00 MeV ¢2)

<
NN
TTT171

E —e— Data
L - BKG

O

E ~— Unmatched Z'=

=0=0

An®

126 128 1.3 132 1234 136 1.38
/ GeV



Measurement of the Decay Z° — Ay

ST Fit
. . . x10°
Mrec = \/(Ecm - Eﬁn+ - Eno - (pﬁn+ + pno) ;100- _;%:s}im
[5) B (a) Polynominal BKG
: =
CIFit range: 1.20 < Mo < 1.45 GeV/c? =
IS
[1Signal shape: truth matched signal MC shape & Gaussian 2
2
. =
[1Background shape: R TEE R RTI WY
®Unmatched signal MC shape M,..(GeV/c?)
— 3
®J /Y - AZ°mY+ c.c. DIY MC shape _ ?<10 —
o] /1)) - £*95*0 PHSP MC shape } Bump-like BKG o =8
- e P

Jy—E 27
Self BKG

@3 order Chebyshev polynomial Continuum BKG

Events / (2.50 MeV ¢?)

127725 13 135 14 145
M,.(GeV/c?)



Measurement of the Decay Z° — Ay
Event Selection - DT

1Object numbers:
ON, =1, Nyp- 21, Ny =1, Ny > 1

e . . . 3
CAAR Y Kinematic fit: x10 .
®5 constraints: total 4-Momentum, m%mass = 6L N +E)gata
9 = —=Ay x 10
® Minimizing y2 > sk — 2An’
Xsc [}
= 45 - Other Bkg
. - - ot
ClUse A momenta in the 2° CoM frame (p,) g - Ax’nc.c,
o (g 3 [
to extract DT signal = F
®p,=0.178 GeV/c for signal % 2F
D 1f . i
0-#'.—: P T T T (N T T _:-"‘I_- ..... etrettesd
0.1 0.15 2 0. .
pAfGe‘?C'l 25 0.3



Measurement of the Decay Z° — Ay
DT Background Study

CIFor 29(*) associated background
®Veto L/g;, <2.0

CIFor X9 associated background
®m, z: The invariant mass of DT y and ST A

®|m,z — mgo| > 12 MeV/c?

—— Data ~ 14 - — Data

10 w-,.’ =R S 12F f -~ Other Bkg
S o - Other Bkg > b - Axr+c.c.
S 10 *++ } -~ A=n+c.c. = : E oAy
g ﬁﬂ,llﬁ % T 2 sk r — 2%>An°
E Tm‘ﬁT ﬁ u i fr‘:“ 6
° 1 11 m it T 1t >
a9 = 4F

10" g ﬂﬂ ﬂ + ﬂﬂ” %H + ﬁ {

C
) Y . D T P +| = ¢+
5 WE 1.2 1.3

o
@ o]
=
3
|
»)
[¢]
<
9]
-
b
wh




Measurement of the Decay Z° — Ay
DT Background Study

_!General purpose optimization
Oyi, <40

x10° x10°
80 Data T 3 * 150 1.6F 150¢
Y e B o P I
= e ZE'AT 1.2F 1L 0 3 e
Si 60 - Other Bkg + + + ﬁ 1 3 505 . E 1.2 : 50¢ =
= 50 - AX%+c.c. o : E T o S S 1E : I S
P 2 0.8F 0.16  0.18 02| 0.sE 0.16  0.18 0.2
5 40 B + Z 06k —— Data I ——Data
LT;E 30 ++ <F-+ z : - Other Bkg = 0.6 : : Ot_rg)eg Bkg
+ +1'+ 5 04F -~ AZn%+c.c. 2 04E -~ AT T+c.cC,
20 + - =0 - =
- E Ay 88 - = —Ay
10 = 02p . EAT 0.2F — E A
n ] e [ sscstiadeces L e dentencsncnnlucitnincntatian. . P L L N I ——
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Measurement of the Decay " — Ay

DT Fit

LIFit range: 0.1 < pp < 0.25GeV/c
L1Signal shape: DIY MC

(a)

&) Gaussian : .
=% - Ar°BKG shape: DIY MC =200F e
| _ *§ 1oof e
IResidual BKG: 1°t order polynomial R *
0501 0.15 0.2
Modes =0 = Ay =0 5 Ay p,/GeVet
ST Yield 1400541 + 1989 1611216 +2111 % 500E™ b)
est (%) 17.61 + 0.01 19.77 + 0.01 SN
epr (%) 4.43 +0.02 4.77 +0.02 2 400F |
Individual BF (1.391 + 0.093) x 1073 | (1.344 = 0.099) x 1073 S300F . Dot
Simultaneous BF (1.379 + 0.068) x 1073 o 2005_ — g_otal lFit
Correction factor 1.032 1.014 ‘é 100 3 .2 A BKG
Corrected individual BF | (1.348 + 0.090) x 1073 | (1.326 + 0.098) x 1073 a0 F ~pw ther BRG
Corrected simultaneous BF (1.347 + 0.066) x 1073 0% 0.1 0.15 0.2




Measurement of the Decay Z° — Ay
Decay Asymmetry Parameter Measurement

L1Signal region for fit: 0.170 < p, < 0.190 GeV/c (30 mass window)

ClConstruction of Ly,
050 > Ar® BKG: DIY MC (100 X Ngata) 100
®Other BKG: Cocktail MC samples +

®J /Y - AZ%%+c.c. DIY MC shape sol
®J /¢ - £*95*0 PHSP MC shape
®Number of BKG: Obtained from DT fit

0- [ [
[INormalization factor obtained from DIY MC 0.17 0.18 0.19

N — 1 ZNMC W(EUH)
Nmc “I=1 W(&,Ho) Processes 2'->Ay | E'->Ay
Individual fit —0.652 + 0.092 | 0.830 + 0.080
Simultaneous fit —0.741 + 0.062




Measurement of the Decay =°

Systematic Uncertainties

—>Ay

Source | 29— Ay (%) | 2° > Ay (%) | Combined (%)
Selection Efficiency Related
Proton tracking and PID 0.5 0.5 0.5
Pion tracking and PID 23 1.4 1.8
A(A) reconstruction 0.9 1.1 1.0 —0 =0 _. & .
Photon detection 0.4 0.4 0.4 Source | E°— Ay | 8 — Ay | Combined
ch < 40 0.5 0.1 03 Selection Efficiency Related
Decay length requirement 1.3 1.8 1.6 Track detection 0.001 0.001 0.001
My requirement 0.2 0.0 0.1 ch < 40 0.001 0.002 0.002
Decay parameters 0.6 0.6 0.6 Decay length requirement 0.001 0.001 0.001
ST Fit Related myx Tequirement 0.001 0.001 0.001
- Signal mass window 0.002 0.001 0.002
Fit range 0.5 0.4 0.5 -
Bin width 0.5 0.6 0.6 Fit Related
Signal shape 0.2 0.2 0.2 =0 — An® background yield 0.008 0.014 0.010
Self background shape 0.2 0.7 0.5 Continuum background yield 0.006 0.012 0.009
Continuum background shape 1.5 1.9 1.7 Continuum background model 0.012 0.040 0.013
Bump-like background 0.4 0.7 0.6 Input parameters’ uncertainty 0.002 0.002 0.002
DT Fit Related Total Uncertainty 0.016 0.044 0.019
Fit range 1.6 1.6 0.2
2% — Ay MC shape 0.7 3.0 1.8
=20 — An" MC shape 0.4 0.4 0.4
Polynomial background shape 0.2 0.2 0.2
BAspr- | 0.8 | 0.8 | 0.8

Total Uncertainty ‘ 4.0 | 5.0 ‘ 4.0




Results and Discussion

>t = py YT = py =0 = Ay =0 5 Ay
N;}'E“’ 217777142285 2509 38042301 Né’]rf\s 140054141989 161121642111
egr (%) 39.00+0.04 44.314-0.04 egr (%) 17.61+£0.01 19.7740.01
N 1189438 130639 NG 308421 330425
enr (%) 21.16£0.03 23.20-0.03 ey (%) 4.49-+0.02 4.9240.02
Individual BF (10~3) 1.005+0.032 0.9934-0.030 Individual BF(10~2) 1.348 4+ 0.090 4+ 0.052  1.326 + 0.098 + 0.065
Simultaneous BF (10~?) 0.996 + 0.021 + 0.018 Simultaneous BF(10~3) 1.347 4 0.066 + 0.052
Individual o, —0.587+0.082 0.7104-0.076 Individual o —0.652 + 0.092 + 0.016  0.830 + 0.080 4 0.044
Simultaneous c., —0.652 4 0.056 + 0.020 Simultaneous ., —0.741 4+ 0.062 £ 0.019
Published, phys.Rrev.Lett. 130 (2023) 21, 211901 BAM-760, waiting for SP’s approval



Results and Discussion

Ozt - py: Oz° > Ay:
®BF (ay) accuracy improved by 78 % (34 %) ® Competitive accuracy to PDG values
®BF deviates from PDG by 4.2 o

The first determination of absolute BFs
Precise a, with 100 times smaller statistics

1 ! ' ' ' | ! ! ' ' | ' ' ! ! ]
X BESII
— * ! ¢ PG
u VMD
0.5
~ A PMI
z A PMI
i i ¥ NRCQM
OT 0F 4 BSUQ)
E]/ <> ChPT (BF x0.1)
NS
-0.5 <>
'§" X A
M | L] . ) L 1 L . _1 . * i L J | 1
0.5 I 15 > 0 . Es Ay (><1%)'3) 3
BF (X*= py) (x107) 2 Ay



Results and Discussion

1_

LIFour established channels o e
L : ¥ VDM
: 05 |- L A n
LINo QCD model succeeds in - | .
predicting these BF & a,, results I of j
T
LCIBESIII results have better o5k
accuracy/unbiasedness : *
_1_‘ * A A T T T
=0 0 1 2 0.5 | 1.5
A - ny =2 = Ay BF(A%ny)(xlO 3) BF (5= py) (x10°)
Z+ - py E — Z y 1: o I.v. BESIII I e oal
i r—*—« P 0.2-;
Y ony |27y M A ~ of 3 o
0" > & Dot |
} : <> ChPT (BF x0.1) ;;_ 70:87
Promote the establishment of -osf p a3 * '
unified WRHD theory B P A R S,
0 lBF > AY) (xl%ﬁ) 3 BF(="—x%)(x 10?)




Results and Discussion

LINo evidence of CP violation within the limited statistics
®Comparable accuracy to radiative meson decays
®SM prediction: 107> — 10~*

. Acy Acy

¥* >py 0.006+0.011 +£0.004 0.095 + 0.087 + 0.018
2% > Ay —0.033 +0.049 +0.031 —0.120 + 0.084 + 0.029

LIIf there is an experiment with a statistics 100 times to BESIII

®BF and a,, measurement accuracy improved by ~10 times (statistical & systematic)
®Expected sensitivity on CP violation reaches 0(0.1) — 0(1)%
®Validate unified WRHD theories & Test on NP enhanced CP violation



R&D on Electromagnetic
Calorimeter of STCF




‘Super Tau-Charm Facility

Hadron Physics at T-charm energy region
10 | _ |

Nucleon/Hadron form factors Jhym
c

OO0

Lightest multiquark states

LH spectroscopy
Gluonic and exotic

Hyperon physics

N N N

'Ra'rely E'xplored!

T physics & Ditauonium

XYZ particles

CKM matrix & y angle

fp and st
Dy-Dy mixing

I+ESI|I e BESII ¢ PLUTO o Suh of exclusive
TEDT ¥ MARK-I A Crystal Ball pﬂCDﬂys
|

Charm baryons
I 1 [ | [ I

New XYZ particle "2""3""4""5 67

Multiquark state
Di-charmonium state Super Tau-Charm Facility

Charm baryons

Hadron fragmentation Tackle challenges facing the SM with unprecedented statistics

Oo0O0o0OgioooooOojjoooan




Super Tau-Charm Facility

Project Overview

e-/e+ linac

1 Large Piwinski angle + Crab Waist
1 Design L >0.5%1032 cm— 251
O Ecm: 2—7 GeV

1 Potential for beam polarization

291 cm >

Scintillator

—————————fironYork/MUD—————————

185 cm_—

L serosseimgmemean
ek

PID (RICH)
85cm —
=]
=
MDC E
L 1

" 200

© < 0.25% X/ layer o oxy <~ 100 pm URWELL/CMOS
*oxy <130 um ¢ op/p~ 0.5% @ 1 GeV/ce dE/dx~ 6% Drift Chamber
e 1/K (and K/p) 3-4 o separation up to 2 GeV/c RICH & DTOF

 Erange: 0.025—3.5 GeV ¢« 0p<2.5% @ 1 GeV
°0, <6mm @ 1 GeV ¢ 0¢<0.8 ns @ 0.1 GeV

Pure Csl + APD

* 0.4-2 GeV T suppression > 30

RPC + Scint.

M. Achasov, et al. Front.Phys.(Beijing) 19 (2024) 1, 14701



Challenges in Design and Operation

STCFCDR

T BB e
——— v in continuum @ 7.0 GeV
——— yin Acdecay @ 4.7 GeV
——— yintdecay @ 4.26 GeV

yin D decay @ 3.773 GeV

¥ in Jiy decay @ 3.097 GeV
——— yinToyu @ 4.26 GeV

yinD ‘> yD, at4.18 GeV
yiny(2S)=s v nc(ZS} at 3.686 GeV

P ="

L1 T AT TS L e
0.0 02 04 06 08 10 12 14 16 1.8 20
E (GeV)

4 )
E, =~1 MeV - 3.5 GeV
Event Rate > 400 kHz
\_ )
Large Dynamic Range &

\_ Fast Response )

Gyly
10°
10*
10°
102
10
g :
.é 101
(a4 102
10°
104
10°
5 100 150 200 250 300 350 10
Z axis (cm)
[
Average TID > 0.3 krad
Peaking TID > 40 krad
N
Radiation Tolerate
N\

Counting Rate (MHz)

40 60 80 100 120 140 160
Polar Angle (°)

Beam background rate ~1
MHz per channel

Fast Response &
Pile-up Recovery -




Introduction of STCF EMC

Detection Unit

120

Radiation Hardness 100 krad LYSO BaF2 Csl CsI(TI) BGO PWO
100
Decay Time 10 — 30 ns BaF2 PWO Csl LYSO BGO | Csl(Tl) - ;
. 80 !
Light Yield 2000 / MeV | CsI(TI) | LYSO BGO Csl BaF2 PWO S !
HI- i ! : Tyvek
Price $46 /g Csl Csl(Tl) BaF2 | PWO | BGO | LYSO A ; ---E‘éﬂR |
wl N '.' . Teflon
Magnetic Resistance PD  APD SiPM - \\—';'_;'_':'
204 Package reflectance
Dynamic range PD APD SiPM - e
200 300 400 500 600
Q. E. > 85% APD PD SiPM K (nm)
SNR 1000 e/cm? | SiPM APD PD
&

®Undoped Csl: 5 X 5 x 28 cm?

® 250 um Teflon
®Si APD: 10 X 10 mm?* X 4

Csl

Teflon

APD FEE

. Achasov, et al. Front.Phys.(Beijing) 19 (2024) 1, 14701




Introduction of STCF EMC

Frontend Electronics

LICSA

®High gain/Low gain: 33
®Maximum charge: >7200 {C e~ 7

®Noise: 2.0 fC :_S_Pl\:lﬁ:

|
LI1PZC
®Decay time: 100 ns

LIADC
©80 MHz; 14 bit

— v — ]

L.F. Luo, et al. JINST 15 (2020), C09002



Introduction of STCF EMC

Prototype Test

Cosmic
Ray Test

\4

2/ ndf = 21.16 / 44

Width
MP

2229+ 276.3
5722 + 102.8

CLIMaximum LY = 155 pe/MeV
LINominal LY ~100 pe/MeV
CLINominal 0,5i5e = 1.0 MeV

Y. Song, Z. K. Jia et al. Nucl.Instrum.Meth.A 1057 (2023), 168749

4000 5000 6000 7000 8000
ADC Counts




Introduction of STCF EMC

Full Geometry
IBarrel: 6732 crystals (51 X 132); Endcap: 969 crystals

LINon IP-oriented alighment to mitigate dead region

W

l 18?7

210cm

HIEANNNS

320cm

Y. Song, Z. K. Jia et al. Nucl.Instrum.Meth.A 1057 (2023), 168749



R&D on LY Enhanced Detection Unit

Motivation

LlLight yield — The bottleneck of EMC performance
®Energy resolution of low energy photons

®Time resolution
®Pile-up recovery capability

g . i : i : : : i 8 La : : i i ’
[P N S NN S N N - i W .l.th..n.Ql_Eﬁ ________________
§ B §1000 e BT
= - = : _ _ _ ; : _
E B _3 Fo]0]0] RS DRSPS PRSI S W - éWfU'ﬁﬁlS'E ..................
o, 3
o SN N T T S T o 600 e e
S . £
o . = 70 ST . S H— — ———
g 3 _—\'("““' """""""""""""""""""""""""""""""""""""""""""""""""""""" .
: a '...“ 200 “"'i';'; ................. RN S SN S —
2 :"'3””“'5":’ﬂ"ﬂ"ﬂ"_“2_"':'2""'_ i """“'---T:::.T-.HHHHnuuuu
| I 0 | |

I A I
0 05 1 1.5 2 2.5 3 35 0 05 1 15 2 25 3 3.5
E/GeV E /GeV

Z. K. Jia et al. Nucl.Instrum.Meth.A 1050 (2023), 168173



R&D on LY Enhanced Detection Unit

Light Transportation Simulation

ISpeculation: LY subject to transmittance

1Validated by optical simulation @ Geant4

5 1
ook - 90
> =
‘©(.8 // — Csl Emission 80
% /7 = = . Csl Transmittance
§0_7 / — — APDQ.E. 70
/
0.6 _ 60
0.5 // -------- 50
. P
04F | . - 40
|-~
0.3 *|'/\ 30
0.2 ", \ 20
0.1 \ 10
0 ELu e B eh Ferarirl airirn chelrersl o

300 350 400 450 500 550 600 650 700
Wavelength / nm

Z. K. Jia et al. Nucl.Instrum.Meth.A 1050 (2023), 168173

100

APD messsm___ Silicone
Grease
Crystal
Obtical —— Tyvek
ph’:)tl:)::s <
Cosmic
Ray \
Luminescence
( a) Center
Table 1
Summary of the optical simulation parameters and
result.
Component Uv VIS
Generated ratio (%) 70 30
Absorption length (cm) 26.7 55.0
Q.E. (%) 48 89
Detected ratio (%) 31.53 68.47

UV detection efficiency < 10 %




R&D on LY Enhanced Detection Unit
LY Enhancement method with WLS

IHow to improve effective transmittance and Q.E. simultaneously?

LlIncrease scintillation wavelength during propagation — Coating WLS on crystal

5 1
SoofF
%‘08 //, — (sl Emission
% // = = . Cs| Transmittance
€0.7 / —-APDQE.
0.6 ‘_// :gt ggqsig;?;f" Scheme L.Y. (p.e./MeV) Relative ratio
0.5 e No-coating scheme 143
o T WLSP scheme 338 2.36
04F | Alternative-1 scheme 179 1.25
03 l-- Alternative-2 scheme 341 2.38
“E
02F K\
NOL@LumInnoTech “EV N
® QE.>95% 7N
0 A PN PR Bt B i RO el )
® 7~10ns 300 350 400 450 500 550 600 650 700
Wavelength / nm

Z. K. Jia et al. Nucl.Instrum.Meth.A 1050 (2023), 168173



_ R&D on LY Enhanced Detection Unit
Experiment Validation: NOL coated Tyvek Film

I\|IDOL SO|li’FI0n Film Spreading
. 04r§;):11ra lon With Mayer-bar
® Toluene solution e VYD

Drying

® 40 um film ‘ Assembling

Z. K. Jia et al. Nucl.Instrum.Meth.A 1050 (2023), 168173



'R&D on LY Enhanced Detection Unit
Experiment Validation: NOL coated Tyvek Film

(a) Iron
. Barrel
o
©
P 1.2
£ Sample % -
2 o =
Q N
B06 306640605000 6000 7000 800 ° . < 08[
channels ° o NOL Film o f No performance
= 0.6 degradation @ 40 krad
120 o N
100 (b) [ OAfmmimmimimimimimi s
_— - No WLS
~ 80 0.2
» 60f o: e
c
® 40 1 10 10°  10°  10* _ 10°
0 _ Dose / rad
1...."l...l...:.::-':l"..l‘,.
' %000 6000 8000 100001200014000

channels

Z. K. Jia et al. Nucl.Instrum.Meth.A 1050 (2023), 168173



'R&D on LY Enhanced Detection Unit
Mass Production: NOL Coated Csl Crystal

w

310 nm NOL9
NOL 53

F-9
1

Better matching
absorption spectrum

N
1

Normalized Intensity (a.u.)

453 nm 575 nm

<
/

o

......................................................

300 350 400 450 500 550 600 650 700 750 800
Wavelength, nm

Collaborated with SIC CAS



R&D on LY Enhanced Detection Unit
Mass Production: NOL Coated Csl Crystal

Pamtmg
' = 2% 8l (o e/MeV)

3 5 274 2.3
10 303 2.6

w

(5 pe/MeV)

c=39 +11

N

L1 Nominal scheme: 5 g NOL-53 per crystal
L1 Average LY: 273 pe/MeV

Ll 0hoise = 1.0 MeV - 0.4 MeV

oy @100 MeV:6.4% — 4.5 %

Events /

—_

o
SO Ul L. N W oo b

g TITTJITT

:

Y L [
200 250 300 350 400
L.Y. (pe/MeV)

Collaborated with SIC CAS 56




EMC Timing Performance Study

Time Resolution Derivation

Loy X (Ointr@0noi)

[IDefine noise sequence n = y — Af(r). Require y% = 0, according to error
propagation formula:

X340 =Y (5- 470 - 47 )r) s (5 - 4F(©) - 47" (0)r)
_2dTSTHFI(0)
AfT0)STLf(0)

Onoi

Loy influencing factors:
®(time correlated) electronics noise 7 (proportional)
®Signal amplitude A (anti-proportional) .
®Waveform slope f' (anti-proportional) *‘ -&: .':.:. -5'5:,;' i gx :

111111111111111111111111111

0 500 1000 1500 2000 2500
Time / ns

L. F. Luo, Z. K. Jia et al. JINST 17 (2022), P02034



"EMC Timing Performance Study

Electronics Scheme Upgrade

INumerical studies on timing & amplitude measurement performance
®Traditional electronics scheme: CSA + (RC)? shaping + ADC
®New scheme: CSA + ADC + DSP (Template fit with least square method or optimal filtering)

(f<o>Tslf<o> f(0>TSlf'<o>) (A) _ (f(@)TSIg)

FO)Ts 1 f0) FOTsF0)) \Ar)  \F(0)'s g

Channel #1-#2 fiting time resolution in experiment

Numerical Result Ol Test result:
(ps @ 200 fC) ® 0, = 130 ps : :
CSA+(RC)? 1 Consistent amplitude SNR
+correlated noise 492 1 GeV L1 2 times improved time resolution
2 8001 “ ” . .
CsA+(RC)? 213 £ L1 “Compact” electronics design
CSA 133 :::

0 1 1 . 1 . . . 1 L
0 50 100 150 200 250 300 350 400 450 500
Charge /fC

L. F. Luo, Z. K. Jia et al. JINST 17 (2022), P02034 58




EMC Timing Performance Study

Other Intrinsic Factors

Clojaee: APD avalanche, shower growth, light propagation...

— 0.2 e T
< 0.018f Avalanche process in APD = Shower and light S|mulat|on

0.016 - Bt ]

12007

S)
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. wnh nmse
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—e
o
o
o

0.014F ORI e

ootk 4 E 800:— ............. .................. ................. .......... - WIOHDISE ...... ...........

0.01F v e -

600:_ ............. .................. ................. O-i_ntr < 150 pS

0.008 - - =

Time Resolutio
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EMC Timing Performance Study

Time Resolution Measurement on Detection Unit

B Nucl.instrum.Meth.A 1051 (2023), 168202 7—’ Trigger

/
|4

|~ Crystal

TO

Tracker
(MicroMegas)

Much improved g; for new detection unit
®0;:5.0ns - 2.0ns @ 0.033 GeV (measured)
®o, = 0.7 ns @ 0.1 GeV (extrapolation)

Critical for Event timing & Neutral PID

o,/ ps

25
b — wio WLS
15k — with WLS

500 1000 1500 2000 2500
Time/ns

— - Expectation
-& with WLS
——w/o WLS

‘-‘-‘—-‘—"—‘—-‘—

llllllllllllllllllllllllllllllllll

100 200 300 400 500 600
Energy / MeV



Studies on Pile-up Recovery Methods
Pile-up Induced Resolution Deterioration

_IFast crystal & electronics — Isolate background out of ~500 ns

ISignal waveform still deformed by 1 MHz beam background events

w
(=]
[

= —s— Summead wavelam B < ‘ ’ :
500 O 50 e ... e  Without Background|:...
5 B R :
“;‘ = [Bhyg compomanis C 5 C ; | ;
o —=— Signal comparment B S r-* *  With Background |
= 4 400} ] S e . e
T 2 - © |
c - > 0
w 3 8 300F % ] e
O S F
2 200F oF e
1 100+ 5y .Q...'.. ................
C ! sees . o . : : ‘
U e | [ i I L

10 15 20 25 30 35 0607 08 08 1 14 de o oTomoEEL
Sampling points

Mwi-e

5 H
Or
g :
=

Deposited Energy (GeV)

M. Achasov, et al. Front.Phys.(Beijing) 19 (2024) 1, 14701



Studies on Pile-up Recovery Methods
Proof-of-Concept Algorithm

CIMultiFit: ygg = (y AT) (ﬁ—/TT)

0 A: Amplitude vector
O®T: Template matrix, adjacent column with fixed time interval
®Utilize fnnls for minimization to avoid overfitting — noise level dependent threshold

> 600 . : BC“E 30_ . ,STCFCDR‘ ......
[0} —®— Real waveform B Aa % B : i
E 10 :_ S 500: . Wlth Background ‘A“ E 25}_. . Wlthout Background
5 | s rusmoom 0 U T O b
CICJ G F Pile-up Recovery :
i3 - * | Energy Resolution
L ‘. : ' ' 1 i i
1k B 5 - i : : - %%s0s00 06080808 ¢ s :
107 15 — 86 07 08 09 1 11 12 L B T
10 15 20 Sam ?n int - - . - . - | | | Fa (GeV)
ampling points Deposited Energy (GeV

M. Achasov, et al. Front.Phys.(Beijing) 19 (2024) 1, 14701



Studies on Pile-up Recovery Methods
MultiFit with improved LY

_IMultiFit threshold: 5 MeV — 2.1 MeV

LIAmplitude resolution further recovered

-
o

—e— Peak finding, o= 1.0 MeV
—a— Multi pulse fit, 6= 0.3 MeV
—— Multi pulse fit, 6= 1.0 MeV
w/o pileup, 6=1.0 MeV

Resolution / %

O 4O N W b~ OO O N 0o ©

20 30 40 50 60 70 80 ) 90 100
Amplitude / MeV




_ Studies on Pile-up Recovery Methods
~_An Online Pile-up Recovery Scheme

C1O0ptimal filtering: Least-y? fit w/o iteration

(f(u)Ts1 f(0) f(o>T81f’<o>) (A) _ (f(oﬁs@)
FOTSTHf0) Forsfo)) \Ar)  \F(0)'s™

10nline application: point-by-point optimal filtering, pipeline processing

Pipeline signals Subtract from
Pipeline signals

In time & over
threshold? Upload A& T

Amp. sequence Optimal filtering




Summary

LIEMC technique scheme
®undoped Csl + APD + CSA-based Electronics

IDedicated technology R&D
®R&D on LY enhanced detection unit

®EMC timing performance study

®Pile-up recovery Methods

1Achieved performance indicators
®1.3 times improved LY — 30 % energy resolution improvement of 100 MeV photon
®Time resolution: 1.9 ns@33 MeV — 0.7 ns@100 MeV — critical for event timing & neutral PID
®Pile-up discrimination threshold: 5 MeV — 2.1 MeV — oz recovered to < 2.5% @1 GeV

Fully meet experiment & physics requirements



Publications and Conference

| ahos | Tmwe | o | Commems _

M. Ablikim et al. .. + . fy— .
1 (BESIII Collaboration) Precision Measurement of the Decay 2™ — py in the Process J /i —» X7 X Phys. Rev. Lett. 130, 211901 (2023) Primary Author

2 Z.K.liaetal. A light yield enhancement method using wavelength shifter for the STCF EMC Nucl. Instrum. Methods A 1050, 168173 (2023) First Author
3 Z.K.lJiaetal. Study of the Properties of GSO:Ce for Applications in Dual-Bolometers IEEE Trans. Nucl. Sci. 70, 1301-1306 (2023) First Author
4 Y.Song,Z.K.lJiaetal. Pure Csl electromagnetic calorimeter design for the Super Tau-Charm Facility Nucl. Instrum. Methods A 1057, 168749 (2023) Second Author
5 L. F. Luo, Z. K. Jia et al. Study on time measurement for CSA-based readout electronics in STCF ECAL JINST 17, P02034 (2022) Second Author
6 Z.K.lJiaetal. Measurement of the Decay 2° — Ay decay with Entangled Z°Z° pairs SP’s Approval
rTT———

Design and Study of Electromagnetic Calorimeter for Super Tau-Charm Facility TIPP 2021 Poster
2 Measurement of GSO:Ce Crystal’s Scintillation Properties in Wide Temperature Range 16t SCINT, 2022 Poster
3 Design and Prototype Test of the Homogeneous Crystal EMC for STCF EEPTFYE KRS, 2022 Oral
4  The Progress of Super Tau Charm Facility in China 31%tLepton Photon, 2023 Poster

5 R&D Progress of the STCF Electromagnetic Calorimeter FTCF 2024 Oral




Acknowledgements

LIMany thanks to

® My supervisor: B2/ #0345
MIEFRR, SEAFRR, B 7
BOZF S8, UM RIS, BRI RIS, XUkt 35S

A
i

® Defense committee:} T,

ISpecial thanks to
oA HIR, BINE 2T B/



% &
@ﬂ 4)».4

A A # @ . iﬁ F;‘ ), |
\ “"i.,""lrp and h-‘\*“"\a€

BACKUP




‘Introduction
Challenges facing the Standard Model
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Introduction
Accelerator-based HEP Experiments

!Varied CME for studies on different fundamental particles

LIBEPCII/BESIII: The only experiment operated at T-charm energy region




'CPV in weak radiative decays

Phys.Rev.D 49 (1994),3771 K* > ntrn% 2x1076—1x 1075

Phys.Lett.B 315 (1993),170 K; » 't n~y 107*—1073
JHEP 08 (2017), 091 D - py <2x1073
Nucl.Phys.B 367 (1991), 575 b — sy (0.1 -1)%
Phys.Rev.Lett. 79 (1997), 185 b - dy (1-10)%
Eur.Phys.J).C 41 (2005), 173 B — py ~10 %

PhysRevLett.70.2529, PhysRevLett.109.191801,
PhysRevLett.118.051801, PhysRevlLett.119.191802
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Double Tag Analysis

Cut Flow of DT
. . . . x10°
LIMain difference comes from single tag 3 mn
. . . . )
IRelative efficiency of DT selection consists < 1
30.8F
c - v+
| srepy | oy Soef X > PY
cut Absolute Relative Absolute Relative 0.4¢
Efficiency (%) Efficiency (%) Efficiency (%) Efficiency (%) 0.2 s |
Single tag 39.02 44.31 %->1<103 015 02 0.25 p 03\ %P5
; —e— Data
DT event 32.04 82.11 35.17 77.84 o s
selection 12| T e
N — X Py
X2 < x%, 31.46 98.19 34.50 98.14 = ;
¥% <30 27.09 86.11 29.88 87.71 206}
> s
Wwo.4¢
Decay length 21.18 78.18 23.22 77.72 :
cut 0.2p
Truth match 21.16 99.90 23.20 99.91 97 015 02 025,03 035

P; /Gev ¢



Measurement of the Decay X* — py
Decay Asymmetry Parameter Measurement

0.2} ~—Dpata 0.2F

— [ — Signal MC 2 /mdf = 1. i 2 /ndf = 0.
Processes Stopy | Zopy 50.1[ — Phase space MC © frdf =182 0.1 + XE/mdf =078
: | + [
Individual fit | —0.587 +0.082 | 07100076 £ o+t B i EE
. CDD" F ! | ®Q, . — S
1 Simultaneous fit —0.651 + 0.056 2.0.1F T —— =_0.1F
_0.2; (a) | . . -0.2;— (b) . , ,
;T 05 0 0.5 1 -T =05 0 0.5 1
cosBy- cosBy-
N, 0.2F 0.2F
i 2 /ndf = 1.63 ’ 2 /ndf = 1.38
M, (cosfss ) = =" cos i cos 6 0.1} X/ =103 | o *
1 21N < p p & b, -+ g t 1. -+
=1 N e ) B S St g = o
. So.1f T 2-0.1F T +
M, (cos by ) = N E sin 6}, sin ¢, 02f (€) . . 02p (d) | +
3 - <05 0 0.5 1 - =05 0 0.5 1

cosBy. cosOy.



'Measurement of the Decay £ — Ay

ST Fit
I Y 7 Y T
1528 602

Input yield 1348 646
10 Check result of ST yield Output yield 1347906 +1754 1528 861+1765
Divergence (X o) -0.42 0.71
0.05 0.08

Divergence (%)

e [ ow
1611 216+2111

1400 541+1 989

Yield
Fit result of data and EST 17.6140.01 19.7740.01
resultant B/, _,z050 B, pzozo (X 1079) 1.240+0.002 1.27140.002
Correction Factor 0.982 1.006
1.26340.002 1.26440.002

B]/gb—)EDED,corr (X 10_3)



Double Tag Analysis

I Y "2 Y TR

Selection Criteria Absolute Eff Relative Eff Absolute Eff Relative Eff

ST selection (no truth match) 20.44% 20.44% 22.12% 22.12%
N,>1 19.24% 94.13% 20.40% 92.22%
N.->1 13.61% 70.74% 14.52% 71.18%
N,=>1 10.47% 76.93% 11.13% 76.65%
Np. =1 10.06% 96.08% 10.68% 95.96%
5C Kinematic fit 6.94% 68.99% 7.48% 70.04%
Veto L/o; < 2.0 5.75% 82.85% 6.18% 82.62%
|m,; — mzo| > 12 MeV/c? 5.51% 95.83% 5.90% 95.47
Xec < 40 4.44% 80.58% 4.77% 80.85%
Truth match 4.42% 99.54% 4.76% 99.79%



Processes | 2" > Ay | B> Ay
Signal 28319 | 30117
20— Ar° 50+7 | 64+8
Other BKG 386 | 26+5
Signal Purity (%) | 763 | 770




Measurement of the Decay Z° — Ay
Decay Asymmetry Parameter Measurement

0.2

=
=

CIFit result of data R S (2) e D
g< 0-1:- — PHSP MC + 8< ol . % —
Processes 2 - Ay | £ — Ay % O?Pifh—---:Fﬁ=‘_'i %_015_ ‘F“__..___ Dat
Individual fit | —0.652 +0.092 | 0.830 +0.080 gl + T T :,‘:‘ﬁgg‘;‘;‘g
Simultaneous fit —0.741 £ 0.062 02 02
cosB(Z") cosB(E")
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o
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[IDecay Asymmetry visualization ot M APL Eﬁ’
_MmMsN A A 2o || EJ —=t_]
©C, A(Qwo) — _Z' 1X1,i%1,i fxo =1 A R Ll T=+= : EF:_ i

. 0.2 i
mwN A A X1 = sinfcos¢p : + o2

©Coz, a(0z0) = 3 Eiz1%0,%3, x, = sindsing | g5 L e

_ cosO(E") 0sB(E)

— p .Dp 6 - : :
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Tracking efficiency correction and uncertainty

IBased on previous work by BESIII software performance group

OStudy of tracking and PID efficiency and uncertainty from J/y - ppr*m~

I:IStudv of ohoton detection efﬂuencv inete™ - ]/u L~ process

09457 10176 1.0098 0.0020 0011 0.0017
sk £0.0192 *o0062 *o.0045 + 0.0000 200000 +0.0000 Ao.oooo
Tk oses 0.0037 0.0013 0.0009 0.0027 0.0011 0.0012
[~ = 0.0049 + 0.0000 * 0.0000 0000 + 0.0000 = 0.0000 + 0.0000 * 0.0000
06—
[ 0.9e82 0.0034 0.0025 0.0016 0.0008 0.0009 0.0011 0.0014
[ =+ 0.00e6 +0.0000 + 0.0000 0.0000 + 0.0000 = 0.0000 +0.0000 + 0.0000
04
[~ osm20 0.0041 0.0028 0.0016 0.0021 0.0010 0.0008 0.0011
[ +0.0080 +0.0000 + 0.0000 0.0000 + 0.0000 +0.0000 +0.0000 + 0.0000
02
™ 0.8000 0.0018 0.0029 0.0013 0.0007 0.0009 0.0008 0.0007
@ ™ :0.0075 +0.0000 + 0.0000 +0.0000 +0.0000 +0.0000 +0.0000 +0.0000
173
0 —
8 [ 0.9087 0.0034 0.0030 0.0011 0.0007 0.0006 0.0008 0.0007
| £0.0104 4+ 0.0000 4 0.0000 £ 0.0000 £ 0.0000 £ 0.0000 4 0.0000 4 0.0000
.02 -
" 09620 0.0027 0.0021 0.0010 0.0017 0.0007 0.0010 0.0005
| £ 0.0046 + 0.0000 4 0.0000 + 0.0000 + 0.0000 £ 0.0000 + 0.0000 4 0.0000
041
: 0.9895 0.0035 0.0027 0.0033 0.0013 0.0009 0.0010 0.0010
" <0003 +0.0000 + 0.0000 +0.0000 + 0.0000 = 0.0000 0.0000 + 0.0000
0.6
|- 0.9885 0.0037 0.0015 0.0006 0.0009 0.0014 00
- = 0.0050 + 0.0000 + 0.0000 + 0.0000 + 0.0000 = 0.0000 0000 0000
_08 [~ 0.9631 1.0228 10022 0.0022 0.0013 no 4
Lcgoope, ] 100085, | 1200068, | 1290000, | 1200000, | ,-0Q00p0, | ,+00000, | ,:00000, |
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Momentum (GeVi/c) -0.5 0 0.5

red
cos6’

Proton PID correction factor (C) and uncertainty (o) Photon Efficiency correction factor (C-1)



https://indico.ihep.ac.cn/event/13269/contribution/0/material/slides/0.pdf
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=765

Tracking efficiency correction and uncertainty

[IThe Momentum-angular 2D distribution of p() and photon ~ Foal

. . . G 0.6} ”e
is obtained from signal MC 0.4
0.2 20
: . of s
LIThe value of each bin called w; ;. The average correction 0.2}
’ —0.4F 10
factor and unc: - ;a,jwu o2 = ;‘Jgg,jw,,‘j 06t :
_6.2 0.3 0.4 0.5 0.6 Olzp(g'PG%\g C_{I
LIBF result is updated with average correction factor. F04s
— 04 7
Proton Anti-proton Photon '-'jbb3g 6
Tracking PID Tracking PID Efficiency 0.95 j
0.2
C—11]734x107 [ 1.41x 1073 || -1.05x 107* [ 0.21 x 1073 | [=3.16 x 103 0.15 Z
o (%) 0.11 0.32 0.10 0.41 0.26 oo 1

0




Systematic Uncertainty

Control sample selection: j/¥ - z+3-, 3% - pr® I~ - pn®

LIThe same ST analysis as Yield extraction:
i o Signal shape: truth matched signal MC
Slgnal events ]- MC Shape®Gaussian
IFor DT > J/¥ — A*A~ BKG shape: PHSP MC
> Residual BKG: 2" order Chebychev =
@1 proton polynomial 3105 _ —e— Data
@1 anti-proton o Fit method: binned extended likelihood & | EE:;:"Q
OAt least 4y fit 10F -
: I > Fit :0.10 < P, < 0.30 GeV s |
®6C kinematic fit, Y2, < 100 i ranee i evie &

Angular distribution fit

0.1 015 02 025 _03 .  0.35
/ GeV c

> Exactly the same as signal Po
| Tt Jr']p ‘ O ;rC'fJ
This work ~0.983 + 0,003 1.000 + 0.005

—0.998 + 0.037+0.009 | 0.990 + 0.037+0.011

Previous work




Systematic uncertainties

/Y » 2727, 2% - prY, £~ - prcontrol sample related uncertainty terms:
.Xéc < xﬁg: A very similar cut ()(ﬁy < xéy)is performed on control sample. Take cut efficiency

difference between data and MC as uncertainty | bivmc | Data |

Cut Efficiency (%) 98.85 98.65

Divergence (%) 0.2

®Decay length cut: The same cut is applied to control sample. Also take cut efficiency difference as

uncertainty
T owmc | pats

Cut Efficiency (%) 76.22 75.73
Divergence (%) 0.6

| Yield wjo x3. cut | Yield with 2. cut | Relative Efficiency (%)
536405 ‘ 455393 ‘ 84.90

2 .
® xz cut: MC
Data

439 189 369730 84.17




Systematic uncertainties

LITracking and PID: 0.4% per track
LIPhoton selection: 0.3% per photon

[IST Yield: Change BKG shape from ]/ — A*A™ BKG shape + 3" order Chebychev
polynomial to only the polynomial.

LIFit range: Change the fit range from

[ 0.15 < P, < 0.30 GeV/c 10 0.13 < P, < 0.32 GeV/c and 0.17 < P, < 0.28 GeV//c.

Range ‘ BF(107%) ‘ Divergence (%)

0.15<P, <0.30GeV/c 0.997
0.13 <P, <0.32GeV/c 1.005
0.17 <P, <0.28GeV/c 0.996

0.82
-0.07

LIFit model:
® Signal and £* — pm® BKG shape: vary the parameters of convolved Gaussian by +1 o.

® Polynomial BKG: change the function from 2"° order to 3™ order.



Systematic uncertainties

1Decay parameters:

® Ayt 0, Oy and A®: generate new DIY sample with these values varied by +1 o . Compare the relative efficiency epr/€sr.
I T
-lo +lo
(- 52.77 52.59
AD 52.63 52.49
ay 52.56 52.62
Nominal set 52.62

® ay+_,p,: generate new DIY sample using ay+ measured in this work and check the efficiency ditterence.

-bY

Efficiency (%) 21.16 21.16



— Systematic Uncertainty
Angular distribution fit

IHow to decide whether a cut is angular dependent:

So the first step is to clarify whether a cut is & dependent or ¢ independent. For PHSP signal
MC, the differential cross-section is a constant. So moments defined in Eq. 17 and Eq. 18 are
also constants when not considering the efficiency. If a cut changes the distribution of these two
moments, it’s considered as a & dependent cut. Specifically speaking, a y> induced by one cut is

defined based on the definition of the moments M| »:

B 1] i(M;«av.-)—M;(e,-))2 , (M;(6) - M2(6))”
el 2(6) 306

i=1

(19)

— 10 =
E 10° E
2 1 C
cut ‘ Xang N ;
Track selection — %
ST selection 0.28 102 )
1
Xie <X3, 0.16 |
2 <30 0.21 . N
Decay length cut 5.12 e
2 2 C
X3cy <X3C,ﬂ(] 15.95 - J
0215< P, <0.235GeV/c] 540 ‘ 1 1 05
25 3
theta pbar

25 3
theta pbar

Lol ]

L I
25 3

theta pbar

85




Systematic Uncertainty
Angular distribution fit

ClLikelihood value of BKG: Az+_ om0, Oy and AP uncertainty:  Event selection efficiency:
® Number of BKG: vary the number of event vary these values by +1 o > Decay length cut: Perform the same angular

by +1o I T distribution fit on control sample and check
I T

the result with or w/o decay length cut

-1o +1o
1o +10 ]
ay 0.647 0.654 " . —
Ny+_pno 0.651 0.651 I - pm 2T - pm
Ad 0.651 0.651
Nother 5KG 0.652 0.649 w/o decay length -0.988+0.003 1.000-0.003
: At 0 0.640 0.662 cut
Nominal set 0.651 A = with decay length ~ -0.98340.003  1.00040.005
©® Other BKG’s likelihood value: change cut
sampling region from Event selection efficiency: ° X5 < Xfto cut: A customized cuton 2t —
011 <P, <0.16 GeV'/c, 0.24 <P, <029 GeV /c > Tracking efficiency: Use corrected efficiency pr? control sample: )()3 > )(72T0* to check the
to to sample the PHSP MC difference on fit result
t t 3 1 . . . .
0.10 <P, <0.15GeV/c, 0.24 <P, <029 GeV/c et X e x [T, g > Signal region cut: change signal region from

Fe =

M€ x ngc < ]—[?:1 E%C 0.215 <P, <0.235GeV/ct00.214 <

or
0.11 <P, < 0.16 GeV/c, 0.25 < P, < 0.30 GeV /c _ P, < 0.234 GeV /cor 0.216 <P, < 0.236
The new set of PHSP MC is used to calculate GeV/c
I

I the normalization factor and update the fit

Region nominal 0.651 result Region nominal 0.651
Region 1 0.651 Region 1 0.665
Region 2 0.647 Region 2 0.643



Systematic Uncertainties

IParticles need correction Selected Control samples™:
ont, A(A), m° et /P > E7 (> AnT)EY (- Ant), A -
(BAM-537, BAM-676, BAM-559) pr~, A - prc*

cA(A): ]/ > E7 (> An7)E* (> An™)

_IEfficiency Correction with control sample _ A
y e n?: J /Y - E%(= Ar®)EC (- An?)

c _ Ngetect
MC(data) — 1 1.1
Ndetect + Nmiss 0.8 108
. &E ' )
®Correction factor: ¢ = =4a& 0.6 1.06
EMC 0.4 1.04
®Syst. Uncertainty after correction: o 02 1.02
2 2 g 0 I
€data O-S,MC O-s,data —0.2 0.98
o = + —0.4 0.96
£ g2 g2
MC ] MC data —0.6 0.94

—-0.8 0.92

b 005 01 015 02 025 0309
p/GeV ¢!



yystematic Uncertainties

Efficiency Correction

|
0.8
0.6
0.4

1.1 1
1.08 0.8
1.06 0.6
1.04 0.4

1.1

1.08
1.06
1.04

o 02 1.02 o 02 1.02
2 g 0 1
202 0.98 —0.2 0.98
0.4 0.96 0.4 0.96
-0.6 0.94 -0.6 0.94
—0.8 0.92 —0.8 0.92
—d 0.9 —6 0.9
S5 055 06 065 0.7 0.75 0.8 0.85 S 055 06 065 0.7 0.75 0.8 0.85
p/GeV ¢! p/GeV ¢!
1 1.25 1 1.25
0.8 1.2 0.8 1.2
0.6 1.15 0.6 1.15
0.4 1.1 0.4 1.1
- 02 1.05 o 02 1.05
2 0 1 2 0 1
°_0.2 0.95 ° 02 0.95
—0.4 0.9 -0.4 0.9
—0.6 0.85 —0.6 0.85
—0.8 0.8 -0.8 0.8

b 005 o1 1502 025 0.75 005 01 015 02 02507

. 0
p / GeV ¢~ p/GeV ¢!




- Systematic Uncertainties

ST Correction Factor

IR R Y

° 0.976 0.973
it 1.020 1.037
A(A) 0.989 0.993
Total 0.982 1.006

DT Correction Factor

YR YT

nt 1.045 1.028
A(A) 0.987 0.986
Total 1.032 1.014

Particle detection uncertainty

o p(P): Tong Chen’s report Weighted by
> Photon: BAM-511 signal
distribution

> Other objects: This work

____ souce |2 Ay (%)

We't‘%hte‘l" bY ' protontracking&PID  0.47 0.52
signa : :
T Pion detect 2.3 1.4
distribution 'o_n etection
A(A) detection 0.90 1.11
Photon detection 0.40 0.40


https://indico.ihep.ac.cn/event/13269/contribution/0/material/slides/0.pdf

Systematic Uncertainties

CIThe control sample of 2 —» Am? decay  ° Decay length requirement, yZ, < 40:

®one more photon at DT side > Good signal-control sample consistency (BAM-559)
®Event selection consistent with signal* ° m,x requirement
®Extract yield from pp ° Modified to m,,, 3 requirement
@ Efficiency difference between MC and data --Photon decayed from DT 7° with higher energy
as syst. Uncertainty > Close efficiency between signal (95.83%) and control

sample (94.74%)

Tt Pt ¢ Daa ~ 16f - =

> 10* 3 — Total Fit >b 14F

) - Signal > F

= | —- OtierBKG > 1(2)5 Decay length my; XSC <40

= 107 : requirement | requirement

- T z 6f

£10°E 5 4f MC (%) 77.49 94.74 80.61

S F Rof

= e qE Data (%) 78.53 94.59 81.03
0.1 0.15 0.2 :

p,/GeV c!




Systematic Uncertainties

_IDecay parameters for MC Model
®BAM-537 & this work
®100 sets of MC samples
®Randomly sampled decay parameters according to the uncertainty (with correlation)
® o of pull distribution as uncertainty — 0.65% in total

- 10—
12~ (a) mean = 4.42 + 0.01 L (b) mean = 4.41 £ 0.00
— 10F ©=0.03 +0.01 8 5 =0.02 +0.00
O a o I Other
2 gk 14 — -
S S 6 Parameters
Z 6F 2
: S 4f
63 4F 83 i
2F 2r
0'.I----I----I----I----l----l--- IR BT BT B B
43 435 44 445 45 455 0 41 42 43 44 45 46 4.7
Efficiency / % Efficiency / %



. Systematic Uncertainties

LIST Fit uncertainties > Signal shape:
®Bin width (number); o Sampling Gaussian parameters according to fit

esult fwith corvelation

o Repeat fitting by 500 times

60 1396 983 S C _
o ¢ of pull distribution as uncertainty
80 1394 820
100 1400 541
120 1401 884 60F
50 :_ mean = 1400541.79 + 114.60
140 1399 875 )

L & =2466.87 +86.08

OFit range:
® Shift the fit range by £20MeV/c?

20f
Fit range (GeV/c?) | [1.18,1.43] | [1.20,1.45] | [1.22,1.47] o

Yield 1406703 1400541 1407123 T T
Difference (%) 0.44 --- 0.47 1360 1380NST 1400 1420

Events (700.3)
(%)
S
T




Systematic Uncertainties

o Self BKG shape: ° Bump-like BKG

> Convolve the same Gaussian as signal > Removed from the fit one by one

T e
1400 541

Before convolution 1400 541
After convolution 1403034

A2%70 BKG 1400 448
3030 pkG 1 406 727

o Continuum BKG shape:
> Vary the order of polynomial

Polynomial order

2nd 1421 223
3rd 1400 541
4th 1403 150



- Systematic Uncertainties

_IDT Fit uncertainties
®MC shapes of 2% - Ay and 2° - Ar®
® Sampling Gaussian parameters
® Repeat fitting by 200 times
® o of pull distribution as uncertainty

o Continuum BKG shape

> Vary the order of polynomial

Polynomial order
1st

313
2nd 312

° Fit range
o Shift the fit range

®MC shapes of 20 —» Ar®
® Consistent with 20 - Ay

23: (a) mean = 31284 £0.18 35 by mean =313.89 £ 011
7 25t ook (0.09,0.22) 313
g i 2u (0.07,0.20) 315
- “_,fgj : “5’ (0.11,0.24) 318

sig

sig



. Systematic Uncertainties

L2rr s

Efficiency related uncertainties > Signal mass window:
° Particle detection efficiency > Angular distribution fit on 2% > An°® control sample
> Utilizing efficiency correction results ° Loose mass window: 0.110 < p, < 0.150 GeV/c
> Reweight MC sample > Tight mass window: 0.120 < p, < 0.140 GeV/c (30

L. mass window
o Update Normalization factor )

> Negligible influence (consistent with BAM-537) * Only set azo to be free

> Decay length requirement, ch <40, mz

requirement: ___ Messwindow |

o Angular distribution fit on 2% = ArY control sample 0.110 < p, <0.150 GeV/c  -0.380
> Only set a-o to be free 0.120 < pp <0.140GeV/c  -0.378
o Decay length my,z 2
-0.380 -0.381 -0.382 -0.381



. Systematic Uncertainties

Fit related uncertainties > Continuum BKG model:
> Background Yield: PACsirulstec-distrisution
> Varied by +1¢ o Side band event (0.075 < p, < 0.100 GeV/c,

0.204 < p, < 0.216 GeV/c )

 meves g

+10  -0.659 MC simulation  -0.652
20 - An? BKG .
-10  -0.644 Sideband -0.639
+10 -0.657
T T o > Fixed parameters’ uncertainty:
Nominal -0.652 > Referred from BAM-537

o Sampling within uncertainty (with correlation)
o Repeat the fit by 300 times
o ¢ of pull distribution as uncertainty



Summary

CIFirst measurement of 2° — Ay decay at BESIII

ICompetitive sensitivity compared to the world average value

_IConsistent BF and a,, result with PDG

1.3481+0.090+0.066 -0.6521+0.092+0.016

=0 > Ay

20 5 Ay 1.32640.098+0.069 0.830+0.08040.044

Combined 1.347+0.066+0.062 -0.741+0.062+0.019

PDG Value 1.1740.07 —0.70 £+ 0.07
1.55 0.57

Divergence (X o)



STCF Project

BRI
Conception design
(CDR)

KRR ARTEFN
ANIZITR&D
(TDR)

FES s
Construction

=17
Operation

2018 |2019|2020| 2021 | 2022 | 2023

2024

2025

2026

2027

2028

2029

2030

2031

2032-2047




e ""R&D Timeline

2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Conceptual
Design

Timing Performance
Key

Technology Pile-up Recovery
R&D

Light Yield Enhancement

Prototype
Fabrication

Beam Test




Homogenous Calorimeter Technical Routing

Nal(Tl)+ PMT  Crystal Ball 1983 20Xg 2.7%
BGO + PD L3 1993 22X 2.1%
Csl + PMT KTeV 1996 27X 2.0% LICommon routing: CsI(Tl) + PD
Col + SIPM Muze ! 10%o 4.9%* ClRadiation hardness (<1 krad)
Csl(TI) + PD BaBar 1999  16-18Xg 2.7%
Csl(TI) + PD BELLE 1998 16Xg 1.8% LIHit rate (< 1 kHz)
Csl(TI) + PD BESII| 2010 15Xg 2.5%
PWO + APD CMS 1997 25Xg 3.0%

PWO + APD PANDA ? 22X 2.5%




~ Time resolution requirements

-g frr T T T T T
i = L * 3o n/yid
|_
600 B < 400 3 - 30K /yid E
4001 I |
i 10° 3 E
200
_ 02 04 06 08 10 12 14 16 18 20
ol L. p (GeV/c)

0 01 02 03 04 05 06 07
Pion Hit Energy / GeV




ECAL Software Development
Simulation Framework

IConducted under Offline Software of Super Tau-Charm Facility

ExternalLibs l

® Root Geant4 DD4hep
A Cernllb... Simulation =) ECAL Hit

|l 3

—

] 3

Reconstruction ‘ ECAL Shower

Digitization ECAL Digi




ECAL Software Development
Simulation Framework

ISliced hit information (Data size reduced by 10 times)
®Layer width: 2 cm
®Time bin width: 500 ps

LIComplete digitization procedure e -."-,.-‘3;5’:::,%:;3;..”
o . . ..: : * . {‘ 'o: \: *
®Light output nonuniformity
0 500 1000 1500 2000 2500
® H 3 3 H H Time / ns
Scintillation light propagation T correlated
®Electronics response & noise Electronic noise
©®ADC Sampling /|
ADC
Sliced ECAL hits L photon hits on APD L CSA outputs - | Output waveform
j Sampling v v Convolution
Light .outptft Pre-simulated.optical photon Decay time & CSA response
nonuniformity propagation model




Energy resolution from material budget
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ECAL Conceptual Design

Position Resolution Y. Song, Z. K. Jia et al. Nucl. Instrum. Methods A 1057, 168749 (2023)
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Position Resolution (mm

Xe = z w;(E;) 'Xi/z w;(E;) G. ~ —2M
j j X JEJE,
4.9 mm @ 1.0 GeV




Least Chi-square and Optimal Filtering

LITarget function for least chi-square method:

X’ =) _Vi— ) _Anf(Ti + 7m) — p)S;"

s

Vi — > Amf(Tj + m) — p)
10ne possible way for minimization:

Replace AT with B, rewrite It as:
fmTS—‘Ifm fmTS—’Ifrm fmTS—11 A fmTS—1y
ffst—‘Ifm ffst—“lffm frst—“I1 B — ffst—"ly
1T5—‘|fm 1Ts—1fr‘m 1Ts—11 p 1T5—1y

1Only iterate one time: optimal filtering




Key Technology R&D
Light Yield Enhancement

Csl(pure) @ 4 S8664-55 Csl(pure) @ 4 S8664-55
L.Y. =33.5 p.e./MeV L.Y. = 53.5 p.e./MeV

Csl(pure) @ 4 S8664-1010

L.Y. =155 p.e./MeV

¢® 500 2 = > 180
£ % X~/ ndf = 43.82 /40 2 400 X2/ ndf = 37.96 / 41 2. X2/ ndf=41.16/ 44
CI>) 400 - Width 36.56 =7.04 D 350 Width 81.18 £13.72 % width 2229 + 276.3
T - MP 1774 +22.0 > 5380 = 18 1 S 140
:_* SArea 7.184e+04 + 3.879e+03 LIJ 300 e 7. 212e+01+ 5 47; +0-3 LLI 120 MP 5722+ 102.8
300F _ 250 SArea eleeri =5 Arse SArea 6.541+04 + 3.423e+04
F GSigma 267.5 +24.5 } GSigma 2141.3+123 100 GSigma 5743 + 167.3
200F + BArea  4.176e+06 + 1.491e+07 200 BArea 1078 + 188.8 80 9 e
Exp ~0.008772 + 0.002884 150+ —0.001934 + 0.000309 BArea 7179012
3 ) 100 60 Exp —0.0003445 + 0.0003213
100 50 40
% L 1 obm e T 20
1000 1500 2000 2500 3000 3500 15600 2000 2500 3000 3500 4000 4k, . . . .
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Proved the feasibility of LY. > 100 p.e./MeV

Further improvement for better performance?
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_Studies on Pile-up Recovery Methods
~_An Online Pile-up Recovery Scheme

C1O0ptimal filtering: Least-y? fit w/o iteration

Pipeline signals Subtract from
Pipeline signals

In time & over

Amp. sequence Optimal filterin
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Prototype Fabrication and Beam Test

Prototype Fabrication (5x5 array)
v'Csl crystal, APD and NOL are ready

v'Frontend electronics, Signal processing module
and DAQ system are ready

_INOL coated crystals under processing
IMechanical system in design

Beam test scheduled in July, 2024




~ Prototype Fabrication and Beam Test




Amplitude Analysison J /Y —
yr'n Decay




~ Physics Motivation

CIPhysics of /Y — ¥y + 1™ process

®lsospin suppressed radiative process — better
sensitivity on exotic states (if exist)

®A test field for light meson production
mechanism (FSI, CUSP, VMD, ...)

BU/Y -
s o b

Eur.Phys.J.A 56 (2020) 1, 23 0.48x10~7

PhysRevD.101.014005 2.7%10~7
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FIG. 5. 7% production driven by p" conversion. (a) tree level,
(b) rescattering. The intermediate states are { = K¥K—, KK, 7%,



- Physics Motivation

CIPhysics of J /Y = ©°(n) + 11 ~ process

®Rare knowledge about axial-vector mesons
production & radiative decay

®The first measurement on the BF of axial-vector
meson-related decays

Decay Mode BF Prediction BF from PDG Decay Mode I Prediction (keV) Experiment BF

J/¥ = nh,(1170) 0.95 x 1073 hy(1170) - yn® 837+134

J/¥ = n'hy(1170) 0.54 x 1073 Ab t h,(1415) - yn® 81 +18

J/¥ = nhy(1415) 0.04 x 1073 sén b, (1235) - yn® 180+28 Absent
J/¥ - n'hy(1415) 2.35%x 1073 h,(1170) = yn 3.1 +0.9

J /i — 1°b, (1235) 1.23 x 1073 (2.3 4 0.6) x 1072 hy(1415) = yn 438180

b;(1235) - yn 488 +70



https://doi.org/10.1103/PhysRevD.77.034017
https://doi.org/10.1103/PhysRevD.99.094020

Analysis Method

IPartial wave analysis under the framework of covariant tensor amplitude

LlGeneral formula: A = v, (m1)e), (ma) A" = v, (ma)e) (ma) Y AU
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HY (a2 . Iﬂloo 4 “‘};:5;
Uyara =9 p(w)l’ﬁa) ap ' B2(Quiyan)f ? o
U* Hav p (a2) . o . ~_- . |

(7@2)3 q p([}b) Z(Q(w)?’a )f §_§ § § gﬁi}ﬂ*q,te.’,ﬂwziﬂﬁ;‘#w‘y ‘;ﬂnﬁ%“ﬁf#ﬁ

7(1)8 o DX £(x B 1 : 5 R B
Usinx = SapyPnT " Ve poosis™ " f o gy Gave? : 2 SRy
U = GOm £ 2 . : :
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Physics Motivation & Analysis Method

LIPhysics of /i — ¥y + 1™ process e . % - )
®lsospin suppressed radiative process — better U A ‘e - e TN . -
sensitivity on exotic states (if exist) NN N R

®A test field for light meson production K- ’ I !

mechanism (FSI, CUSP, VMD, ...)

CIPhysics of ]/ —» ©°(n) + 11 ~ process J/% y‘: L ’éﬂ i i a
®Rare knowledge about axial-vector mesons \

production & radiative decay @) (b)

®The first measurement on the BF of axial-vector FIG. 5.

2% production driven by p° conversion. (a) tree level,

meson-related decays (b) rescattering. The intermediate states are i = K+ K, K°K°, z%.
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FIG. 5. 2% production driven by p° conversion. (a) tree level,
(b) rescattering. The intermediate states are i = K+ K, K°K°, z%.




