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Study of the EM

Transition
Y (3686) — 1,
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“Physics Background

* Asahindered M1 transition, the EM transition from ¥ (3686) to 1. is vital for the study of

is not taken into consideration in the previous measurements of the branching
fractions of the transition , introducing uncertainties
* The radiation decay Y (3686) — yn. has been observed, while the corresponding Dalitz decay ¥/ (3686) —

e*e~n.has not been discovered yet, of which the branching fraction is predicted to be B()(3686) — e*e™n.) =

3.03 x 1075 ot
Decay Channel BIYD B o Y
J/b = 0t (1.03 4 0.25) x 10~ — N o=
C
P(3686) - n l*l”  (3.03+0.45)x107° (2.79 + 0.41) x 1076 7
Y(2S) - nyltl~ (3.38 + 1.31) x 107° (2.56 + 1.00) x 107 [s¢
Y(3S) = nultil- (4.77 + 0.79) x 10~° (6.20 + 1.03) x 1077 C
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“Physics Background
* Inthe assumption that ¥(3686) and . are both point-like particles, the ratio of the decay widths between the Dalitz
decay and the radiative decay is the fine structure constant a

« The g%-dependent decay width of the Dalitz decay dI'(y(3686) — e*e™n.)/dq? can be normalized into the radiative
decay width I'(¢p(3686) — yn.) as

dl'(y(3686) - ete™n,)

= |F 2)[2 x QED(q?)
dqzr(llj(3686)—>ync) | l[)(3686)7’]c(q )l Q q

are described via transition form factor (TFF) Fy,(z686)n, (g?), which, in the single-pole approximation of the

vector meson dominance (VMD), has the form as

1
F ) = ————
1/1(3686)7]C(q ) 1— q2/N?

« VMD is effective for most EM Dalitz decays except w — utu~n°

« Using Y (3686) — ete™n, to extract the absolute branching fractions of 7,
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“Analysis Method and Result Reconstruction
- ©
Using (448.1 + 2.9) x 10° ot o=
Y(3686) events @ /s = > (3686
3.686 GeV
6 x10° e
E [ 13/N=93.80/36=2.61 * Branching fraction: B(y(3686) —» eTe™n.) = (3.77 +
= 4] 04051, & 0.185y5;) X 1075
—
T . p— [W@E686)—ete™ne) _ =2 [taki
% 5| R = 0 GEse ST (1.11 £ 0.21) x 107~ [taking the
5 _ average of B(y(3686) — yn.) from PDG as input]
0 _u P TR o= J

2.8 2.9 3 3.1 Published at PRD: Phys. Rev. D 106 (2022) 112002
RM,.. (GeV/c?)
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“Method to Measure the BF with Considering Interference

)

=== data
—_— qf—»e*e'm MC

R,(cm)

w‘—wnc MC
= inclusive MC

Events/(0.1 cm

e Using (2712.4 + 14.3) x 10°
P (3686) events @ /s = 3.686 GeV

. + — . waay
« Usinge e~ from photon conversion - z 0

BN S D T R e Ry(cm)
at material to reconstruct 1 (3686) — Background 0 ° Rj(‘ém)
Real signal
YNe; using the vertex of eTe™ to ot &
o ) Ny@ese) BTeterne ke | yree - it
distinguish ¥/(3686) — e*e ™1, and NMC ete nc T ¥ T Nyc
ete .
lp(3686) - yTIC tot MC fit bkg suv fit
. . Ny es6) * Brym. . NPke 4 yrec_ it Br. = Nyn{(Nete—y Nt o=y = Netey - Nyg)
e Simultaneously determine the NMC YMe ete™nc — ete . Tyme = N tot NDke | pbke suv NSuv
Y 1p(3686)( yne  Yeten. ‘etene Y¥nc
branching fractions of ¥ (3686) —
+ . NXec NSuv MC _ bk it
ete™ n.and Y(3686) = yn. with Br,,. = - Zle  Eype = N”I\ZE . N(,,J,e_nC(N]f‘ntc - N, & — N3pv . Ng¥e—p )
o : Yne " Vi (3686) ¥ Tetewn. = bk bk
considering the interference effect : 1})%%686)(Ne+eg—nc ‘Nyncg = Nyn? - eSEZ-nC)
Nerfz_nc N:EZ—WC
Bre+e—y, = tot 1€etemne T TMC
€etenc * Ny (3686) Ngio—p.
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‘ Signal Fit
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Total fit

Non-interference background
Peak after interference

Pure signal

— — — — Interference background

(3686) = y1c

Y (3686) —» eTe 1,
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“\Branching Fraction

Value
Parameters
Constructive interference Destructive interference
Nyj3686) 2.708 x 10°
MC

Ny 1x 107

MC
Ng¥o-n. 1 x 10°

N 33554 + 604 68295 + 1170
e 17241 + 785 36477 + 3333

bkg

Nynt 682 + 59

NOSE 13991 + 153
Nec
NppY 37513 + 284
etemn, 197229 + 694
B(Y(3686) - yn,) (3.19 £ 0.065¢a;, + 0.234y) X 1073 (6.48 + 0.124,, £ 0.954y) X 1073
B((3686) > ete™n,) (312 £ 01545 + 0.325y5) X 107° (6.61 £ 0.705¢a¢ + 0.375y5) X 107°
I'(y (3686 te~
g = [(W(3686) > evern) (9.7 + 1.3) x 1073 (102 + 1.9) x 1073
I'(y(3686) = yn.)

This analysis is being reviewed: https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1240



https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1240
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1240
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1240
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\.Form Factor

corr
sig

I\

Measured TFF is not completely consistent with the VMD model under the single-pole approximation: F¢(3686)nc(q2) =

Double-pole model (F¢(3686)nc(q2) =

0.10) GeV/c?, A

Need further checking and discussion
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% (GEVZIC)

Signal yield after correction
using efficiency

= (27.3 £ 62.3) GeV/c?)

1
1_q2/A2

10

(GeVZ/c )

A 1-A . . . . .
ey 1—q2/A§) can be used in the fit, while the result is not physical (A; = (0.13 +
16 o 1.6 -
a_ Lep « F
£ 14f 5 14
& E & 12k
g 1.2 —_ + —L ) E : N e
Y - I — SO S gue— —
= F T — T | = E
= osF 0.8F
0.6F ‘i’ 0.6;—
0.4F . 0.4
: Single-pole model oab Double-pole model
"2 A = 3.773 GeV/c? K
0 O
_0,2: ol e Y —O.Zi | mi L
107! 10° 1 107 10° 1
% (GeVzlc ) %
Measured TFF
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Study of 1, Decay
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“Physics Background

v’ As the singlet of S-wave and the lightest charmonium, n. decays via the annihilation of charm and anti-charm quarks

v' 1. has two main decay mechanism: strong decay via two gluons or EM decay via two photons, no tree-level decay

Strong decay of n.:
* Testthe 12% rule between ground-state charmonium and corresponding first radial excitation (chin. rhys. c 46, no.7, 071001 (2022)]

* Potential mixing among n,1’,1; glueballs are also included in some models [phys. rev. D 84, 034003 (2011), Phys. Rev. D 85, 034002 (2012),

Phys. Rev. D 97, no.9, 096002 (2018), Phys. Lett. B 827, 136960 (2022)]
e Study intermediate resonances
No need to consider the spin polarization due to the pseudoscalar nature of 1., so that the PWA can be performed directly from 1,
* Due to complex non-perturbative effects, the calculations of the BFs of 1. decays are scarce and unreliable
* In history, n. decays are usually measured via the radiative decays of vector charmonium
Large uncertainty of the BFs of the radiative decays
Unable to measure the absolute branching fractions

Significant interference with background processes

Avoiding the interference, 1(3686) —» n°h,, h, = yn, is an ideal decay channel to measure the absolute branching fractions of 7,

12
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“Physics Background

Ne 2 VY-

The simplest decay;
Test the wave function from NRQCD calculation
Benchmark for theoretical calculations

More than 30 between the latest LQCD calculation and PDG

v" PDG (Two-photon): T

1 = 5.14 0.4 keV

v 1QCD: T, = 6.788 + 0.045¢; + 0.041,,; keV

The latest result from BESIII (/Y = yn.): T(n, = yy) =

(11.30 4 0.5645¢ + 0.664ysr + 1.14,0¢) keV

Sys

v' Large uncertainty
v' Interference effect

v" Larger than the PDG and latest LQCD calculation

—ete”
R = I'(J/Yp—-e e )
F(nc—yy)

predicted by theory to be3/4

cancels the non-perturbative uncertainty,

Works

E.S. Ackleh et al. (1992)
M. R. Ahmady et al. (1994)
C. R. Miinz et al. (1996)
H. W. Huang et al. (1997)
A. Czarnecki et al. (2001)
N. Fabiano et al. (2002)
D. Ebert et al. (2003)

C. W. Hwang et al. (2007)
C.S. Kim et al. (2005)

J. P. Lansberg et al. (2006)
J. ). Dudek et al. (2006)
M. Z. Yang (2009)

J. T. Laverty et al. (2009)
H. K. Guo et al. (2011)

T. Chen et al. (2020)

J. Chen et al. (2017)

R. Li et al. (2019)

Theoretical Models
Potential Model
Potential Model
DS&BS equation
DS&BS equation
NRQCD

NRQCD

Potential Model
Potential Model
Potential Model
Heavy quark spin symmetry
LQCD

Sum rule + pQCD
DS&BS equation
NRQCD

LQCD

DS&BS equation

Soft gluon factorization

F(mc - vy)/(keV)
4.8

11.8+0.8
35+04
6—7
7.01
76+ 1.5
5.5
5.43 —9.30
7.14 + 0.95
7.5 —-10
2.65+0.26 + 0.80 £ 0.53
6.49+07
5.09
6.611233
1.122 £ 0.014
6.32 — 6.39
5.02+0.13 + 0.38

Y. Chen et al. (2020) LQCD 1.62(19)/1.51(17)

C. Lin et al. (2020) LQCD 3.93+0.09 £ 0.43

Y. Meng et al. (2021) LQCD 6.57 + 0.15 + 0.08

B. Colquhoun et al. (2023) ' LQCD 6.788(45)(41)
13
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ne = €Y

The lowest contribution in the SM is one-loop diagram,

§ Physics Background

suppressed by a? compared with . = yy

The tree-level weak decay via Z° has little contribution due
to the Breit-Wigner form of the propagator.

Due to the helicity suppression, the decay width of n, —

ete” is smaller than . = u*u~ by 4 orders of magnitude

ZO

Potential enhancement by new physics models: leptoquark,

light pseudoscalar Higgs boson next-to-minimal

supersymmetric Standard Model

LQ

1

I+

(b)

Theoretical Works B, - ete)

L. Bergstrom (1982) —

4771877 x 10713

4741077 % 10713
Y. Jia (2009) (2.174+0.17) x 10713

L. Tang (2012) —

N. Kivel et al. (2016) 2.5%x 10713

M. Z. Yang (2009)

B, - pup)
1.9x 107
6.41739¢ x 1079
6.397393 x 1077
(3.024+0.24) x 107°
6.391293 x 107
0.74 x 107°

Backup

Only include EM contribution
Include weak contribution
Taking B(n. — yy) from PDG as input

14



e. Study of 11, Decay

N

Tag Signal

“Analysis Method ® y 7

* Since the width of h, is small and the
background components are clear, the @
70 recoil mass spectrum (invariant
et e”
mass spectrum of h,) after tagging the
‘ > (3686
y is used to obtain the yield in both
Tag and Signal side « Tagside:
v’y —tagged h, yield = 1. yield g
) ) ) Fit the recoil mass spectrum of 7° to obtain the inclusive yield of ne: Ny = ?acg
v' Estimate an item of systematic Ene
uncertainty to consider the * Signal side:
potential non — 1, background Fit the invariant mass spectrum of all reconstructed final particles from h to obtain
sig
exclusive yield of n.: Ny = Izgfig

Using (2712.4 + 14.3) x 10° X
v Branching fraction:
Y (3686) events @ /s = 3.686 GeV

E

B(me - X) =
Nc
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“\.BF of the Strong Decay of . and Resonance Parameters of h_

/ This Work

< [, = 0.878 £ 0.063 + 0.023 MeV

W3525.340 +0.025 + 0.010 MeV/c?

n. Decay Channel  x?/Ngs N;ii s;iig(%)
ne » KOK*n™ 1.04 | 961+ 33 3.6
e = K¥K~1° 123 | 696 + 29 5.2
ne = K*K™n 0.57 96 + 11 1.2
Ne > ntnn 0.60 319 £+ 22 1.4
ne > ntn ntn Ty 0.93 325+ 22 0.8
ne > KK ntn~n0 0.63 707 + 31 1.7
ne = K¢K*ntntn® 116 | 415422 1.5
ne » ntn nn° 0.57 970 + 41 3.1
ne > ntn ntr n7® | 1.05 | 1665+ 55 0.9
ne-o>ntn ntnTntnT | 1.10 684 + 32 3.3
ne > K"K ntn~ 0.57 503 + 26 5.0
ne » K*K-n*n-m*tn~ | 111 | 168+ 14 1.6
ne>ntn ntn~ 1.13 | 1088 + 38 4.6
Ne = PP 0.88 165 + 14 9.7
ne — ppm° 1.80 144 + 16 4.3
Ne = pprtm” 0.96 305+ 21 45

One order of
magnitude better than
the PDG precision

B(n. — hadronic)[x 1072] (This work)

2.13 £ 0.08 £ 0.08
1.09 £ 0.05 + 0.06
0.63 £ 0.07 £ 0.04
1.80+ 0.13 £ 0.06
3.39+0.24 £ 0.24
3.28+0.15+ 0.21
2.28+0.13 £0.12
2.51+0.11 £0.13
14.27 £ 0.51 £ 0.50
1.69 £ 0.08 + 0.05
0.82 +£ 0.04 £ 0.03
0.84 +£ 0.07 £ 0.06
1.93 £ 0.07 + 0.05
0.137 £ 0.012 + 0.006
0.27 £ 0.03 £ 0.02
0.55+ 0.04 £ 0.03

[y, = 0.78 £ 0.28 MeV

My, = 3525.37 + 0.14 MeV/c?

B(n. — hadronic)[x 10~2] (PDG)

24+0.2
1.2 £ 0.16
0.68 £ 0.11
1.7+ 0.6
44+ 1.6
3.5+0.6
28+1.3
47+ 1.4
158+ 2.3
1.7 £ 0.4
0.66 + 0.11
0.75 £ 0.24
0.91 £ 0.12
0.144 £ 0.014
0.36 £ 0.15
0.53 £0.21

This analysis is being reviewed :

BAM-00855

16



https://hnbes3.ihep.ac.cn/HyperNews/get/paper855.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper855.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper855.html

Absolute Branching Fraction of 1, = yy

“.Branching Fraction of . — yy

sig
Br = N{;’g == (3.04 £ 0.485¢ar. £ 0.115y5 ) X 107*
Nc

Taking I, = (30.5 + 0.5) MeV/c?, T,

oy = (927 £ 1464

0.344ys;) keV

- _ _ TU/p—oeTer) _
Taklng F]/ll)—>e+e_ = (553 + 010) keV, R = W = 0.60 + 0.10

The most precise direct measurement of the branching fraction of . — yy
so far, consistent with the latest measurement from BESIII using J /Y — yn,
No interference effect

Large deviation from the other measurements from two-photon processes

Consistent with the latest LQCD calculation (HPQCD 2023) within 20

St Signal
§ i — Background
§10 B — Total Fit
2
g |
LE s
5 L

HPQCD(2023) o
Meng et al.(2023) o
Y. Meng et al.(2021) o
J.T.Laverty et al.(2018) [ ]
J.Chen et al.(2017) ®
T.Chen ef al.(2016) @
H.K.Guo et al.(2011) O
M.Z.Yang(2009) —
J.J.Dudek ef al.(2006)—@——
J.P.Lansberg et al.(2006)
C.S.Kim et al.(2005) ——
D.Ebert et al.(2003) (]
N.Fabiano et al.(2002)
PDG e
BESIII 2712M y(3686)(2025)
This Work

1

-5 0 5 10 15
I (m,—Y7)[keV]

This work is being reviewed : BAM-00855
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» Using inclusive MC sample (Full blind):
* Events left after selection:
n.—ete : 1
Ne D> W U™ 4
* Upper limit of the BF:

: Upper Limit of the BF of n. —» ¢7¢~

Nsig
+,-) —. _e’e” -5
B(n.—eve™) = e <2.6x10 4 orders of
. magnitude
NS from the SM
+- . .
B(n, - utu-) = A‘,‘ta“g <42x107° prediction
Mc
. 3550 . —— — o 3550g . . —
< 3.5452— — E? 3.5452— —
3.540 - e 3.540 - e
3535F 3 3.535F 3
3.530 F 4 3.530 F =
3.525F 3 3.525F 3
3520 3 3520 3
3515F = 3515F =
3510 — — 3510 — —
R 30 i BT 30 il
M, M,

» Using semi-blind sample:
* Events left after selection:
n.—ete : 0
Ne oUW U : 0
* Upper limit of the BF:

This work is being reviewed : BAM-00836
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sig
+ -
+,-\ __ete -4
B(n,—eve™) = tag<1.5><10
Nc
si
N
+,7) — —4
B, »u u) = fag <1l6x10
N
Nc
o 3.550F T T T3 = 3.550 ¢ T T L
= 3sasf 3 Fo3sasE 3
3.540 - = = 3.540 - =
3.535 = 3.535 =
3.530 F = 3.530 F =
3.525 0 & 3.525 0 &
3520 F 3 3520 F 3
3515 E = 3515 E =
3510 = 3510 =
3.505 & . ! L 3.505 & . ! -
2.9 30 31 2.9 30 31
M.,.. M.,


https://hnbes3.ihep.ac.cn/HyperNews/get/paper836.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper836.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper836.html

Study of Hyperon-
ucleon Scattering
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“Physics Background

Extremely dense
matter inside the
neutron star

Phys. Lett. B 747 (2015) 43-47

Hyperon
Puzzle

Pauli exclusion principle
Strong interactions
between nucleons

Chemical potential
of baryons
increases

Number of nucleons
in @ quantum system
increases dramatically

JPS Conf. Proc. 17, 101002 (2017)

Section through Neutron star

Neutron
liquid

i3 Hyperon/

n core?

Quark
fluid?

Nature 467, 1081-1083 (2010)
Science 340, 6131 (2013)

Phys. Rev. Lett. 121, no.16, 161101 (2018)

Astro observation has
discovered large-mass
neutron stars

Conflict

Hyperons are created
from nucleons by
weak interaction

Soften equation

of state

energy density [M vem]]

0.01

Particle Fraction

A
0.001 — an

0.1 F

0.01 e 1 IV 4
s z1/a

0.001 ! 1 1 11 11 1 |
02 03 04 05 06 07 08

ng (fm3)

1

1

1

1

Unable to support
neutron stars whose
masses are more than
2 times of solar mass

I e e — 1l
ool d AVIS*TNI+ESCOSb
L ] AVIS+TNI
400 |- 4 B
2001 -
000 |- . B
800 (- -
600 - -
400 |- . B
2001 - )
0 L 1y 1 | .| Lioy | |
02 04 06 08 I L2 500 1000 1500
. -3 . 3
baryon density [fm "] energy density [MeV/fm’]
S —— . . 25
[ AvI8+TNI
[ AvIB+TNI+ESCO8b
] e S Y SRS R TR Ry
15F L dus
: =
1 - 3=
osf M, =228M_ 05
r M =138 M
[ max wun
oL I 1901 ]
10 12 14 0 05 &=V .y
. -3
R [km] central density [fm "]

Pressure [MevffmS]
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“Physics Background

Key to solve the hyperon puzzle: hyperon-related two-body & three-body interaction

Experiment Theory
* Scattering experiment: Most direct, unable to measure * NN scattering theory is mature
three-body interaction * YN scattering has multiple models to describe, lacking
NN scattering has been measured for many times [Ann. Rev. Nucl. experimental constraint

Part. Sci. 10, 291-352 (1960)]

Julich or Nijmegen meson exchange model [Phys. Rev. € 72, 044005
YN scattering results are scarce and most are old (2005), Prog. Theor. Phys. Suppl. 185, 14-71 (2010)]

YY scattering has little results Chiral effective field theory [Nucl. Phys. A 779, 244-266 (2006)]

Low-momentum model [Phys. Rev. € 73, 011001 (2006)]

* Bound state (Hyper nucleus) } Indirect

. _ measurem
e Correlation function ent Methods based on quark model [prog. Part. Nucl. Phys. 58, 439-520 (2007)]
’ : ,,__.,»IL \ \ | * Theory is not complete for YY and three-body scattering
g * _/,1'! <= ; ’ l' | [Phys. Rev. C 62, 035801 (2000), Eur. Phys. J. A 56, no.6, 175 (2020)]
| - & } +
10 A | | L] . ' ¥ ‘o .
1 e More experlmental measurements of
T T e T YN, YY scattering are needed »




Study of Hyperon-Nucleon Scattering

\7-
“Analysis Method

Carbon Fibre

Double-tag

5
AN
V)

e |
0.95 —
- \
0.8 g

Beam Pipe MDC Inner | ~

0.7¢ Chamber |—x*

0.6
0.5
0.4

. 0.3
Single-tag 02

>

N/N,

Beam Pipe

|
)
IIIIII|IIII|IIIIIIIII|IIIIIIIIIIIIIIlIII

0.1

IIII|IIIIIIIII|IIII|IIII|III|I_’|‘L_U

|/

e R

Published at CPC: Chin. Phys. C 48, no.7, 073003 (2024) o 2 4 6

Distance from interaction point (cm)

o0

10
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P(25)

<

.

gAnaIysis Method

pK_/_\ Ytn This work
A+p K*AA
AR K*E™p
T - ‘ frm R ET+p— E%n, AA
3 20 +n— AA
ETEY >~ +p— X, An
0T+ >t +n— X%, Ap

Hyperon beam Possible inelastic scattering

23
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o\ AnaIySIS Method Using (10087 + 44) x 10° ] /1y events @
. J5 = 3.097 GeV
Double-tag yield:
Npr=Ly -oc(YA—>Y'A) - BY')- e Double-tag

target material
Sum of the 9
contributions

of all the layers

° o p
Luminosity of A beam: 4yerage track \
length in material 70 - \\
7 7 i e
Lo = Zﬁj =N N E pL Rj Ratio of the Au N
Y =l a7y = ST NAT £ gl 159] cross sections A
J 7 with different ot
\
N

Cross section: \ j - ;
N
c(YA—Y Ay=—DI . _1 ,
Ege Ly BY') >\/ >
71.—0—

Ratio of the cross section with different materials:

Assum surface reaction—proportional to the proton number in the nucleus surface

N
A

Single-tag

2
R00<Neff=A§><

ol
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“Cross Section of Ap - X*n

> Calculation of effective luminosity

Events/(2.6 MeV/c?)

> Fit Mo spectrum to obtain the yield

> Npp = 795 + 101
> Ssig = 24.32%

1500

1000

500

¥’=37.4/50 =0.7
#ig= 795 £ 101
#bkg= 11171 £+ 118

mean= 1185.3670 + 0.0620 MeVY
6=6.9190 +£0.1110 MeV

1.2 1.25

Published at PRC: Phys. Rev. C 109 (2024) 5, L052201

7
p
Y_Z£Y=NST'NA Z L
Z{NSN%CIU
I
MC
Ngr

—

Ly = Ngr-

L,/Ngr =23.59 x 10°! cm™

> Total cross section

N 4 .
MC
Ner

7 N

MC
ST

22

J

Parameters
Nst
Npt
Esig
Lp/Nst
Bt - pr?)

o(A+ °Be > It +X)

Value
7207565 + 3741
795+ 101
24.32%
23.59 + 10% cm™2

(51.57 £ 0.30)%

(37.3 + 4.7tar. + 3.55yst) mb

i

Pér i
M
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\.Differential Cross Section

» Calculation method
do M

Npr(x) 1

dx Ny pr-l eg(x)- Ngr-dx B(E* — pa0)
» 0O, -dependent (6. is the angle
between the momentum of incident A

and the =)

2 .

1.5 + .

do/do,,, [mb/°]
_+_
—+-
_+_
|

0 50 100 150
gsct. [O]

do/dg? [mb/(GeV¥/ch)] v

» px+-dependent (ps+ is the momentum

of =)
3 |
= 100 | + -
9 B — ]
= 50 ]
£ B _+_—+— —
aoof G
s |
S s0F | | s
0 02 04 06 0.8

p,. [GeV/c]

q*-dependent (g = (pp — pg+)?)

100 — —+—+ .
50 1% +
of + T :
0 0.5 1

g* [GeV¥/c4]
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: Prospect at STCF

BF et (cm) FEE  Baccay (X107 pinax (MeV/c)  nlip (BESIIL x 105;STCF: X 10°)  Brag (%)  Ly/Nsr(102" - cm™2) (STC?'I%%?%%%@)
A 7.89 J/ - AA 1.89 + 0.09 1074 26 64 23.59 5290
Tt 2.40 J/Y - Tty 1.07 + 0.04 992 4 52 4.83 537
=0 8.71 J/p — EOE° 1.17 + 0.04 818 7 64 15.81 2368
=7 491 J/Y - = Et 0.97 £+ 0.08 807 3 64 7.44 924
Q- 2.46 (3686) — Q- Ot | 0.056 + 0.003 774 0.05 43 2.61 3
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Development of the | mi
Joint Alignment

Algorithm for BESIII
Tracking System



\' ® Using fit residual to align:
: insufficient precision

“Research Background

Co 0.02647
¢ -0.08802
C; -0.0778

ol
o ® .

)

Unaligned
Ideal geometry geometry

I I/ | I W |

)
S N

e
[

esidual (mm

Sine Trend

R
s 5 5
o o A

/

| /I l 1 2 plrad)

Fit residual with respect to ¢ in
the case of transverse translation

e

1291
1171

MDC measurement: drift distance

difficulty

2
36

CGEM measurement: readout

344.95

215.85-
164—
248.4—
280.85-
3129

from x and v strip

The derivatives of the

measurements over
Nucl. Instrum. Meth. A 824, 515-517 (2016)

the fit parameters
cannot be solved PoS EPS-HEP2021, 766 (2022)
29

analytically
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NAlignment Method: Millepede i

arXiv: hep-ex/0208021 [hep-ex]
Nucl. Instrum. Meth. A 566, 5-13 (2006)

— . _ . T
y=Jx;a) ri=y;— f(x;a,) =d; Aa
Decide the Express the measurements .
parameter equation in the one-order linear Express the residual
of tracks

approximation
n
v = f(x:a.) + ) d;Aa,
Jj=1

PRACY

J
0aj

X=Xf

Alignment parameters: global parameters

~ . gglobal | ,local global\ T 1 _ global local\T ;local
yz':f(xjaago a,aOC )'I‘(dl )Aagoa_l_(dioca) aoca

Track parameters: local parameters

Minimum the
weighted residual
sum of squares

Solve the normal
equation

Simultaneously fit the
alignment parameters

using all tracks

30
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gAIignment Methad

e
R”©

\f’ A gglobal )

k

( v global
Zk:l b

( Y Cilobal H, I %d
0 O_ »
H, 0C|o
\ 01 0 \
C:(C“ Clz) B=C"'
Co | Cx CB=1

local
Aa P

local
bk

B, =(C;; - C;,C;, Gy

B, = _Bllclzcgzl

—CEQ] C, 1By

( B, B )
By | By

Aal
Aaz

Aaglobal — (Cr)—lb

)<

Bll
B21

B12
B22

)

Vv Vv
. global localyx T
C'=) C —J;chkoca H]

k=1
Vv

/ lobal _
b = Z bio al Z Hk((C}CO(:al) lb‘llcocal)

k=1

Vv

k=1

b,

b,

)

Solving the global
parameters
without solving
local parameters
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NAlgorithm Development

Solving the intersection between the helix and
unaligned detector by numerical method
Construct spline function, solving the derivative
of measurements over the global and local
parameters

Algorithm development has been finished;

verification is being processed
Y

N

A

Algorithm flow:

Initial calibration parameters

+

Track fitting

:

1. Calculate the partial derivatives of expected measurement
over the helix parameters and the alignment parameters

2. Accumulate the matrix elements

No

E— Is event loop finished?

Update the geometry
using new parameters

Solve the matrix equation and

update the alignment parameters

No

Is iteration finished?

Finish

32
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“Summary

EM transition y)(3686) — 1,

Discover ¥ (3686) — e*e™n. and measure the BF
Measure the BF of 1(3686) — yn.and ¥ (3686) —
et e™n. with considering the interference for the first
time, reaching the best precision so far

Measured the TFF of )(3686) — e*e ™1, for the first

time, not completely consistent with VMD

Study of 7, decay

Measured the BF of 16 channels of 1. decays with the best
precision and obtained the mass and width of h,

Measured the absolute branching fraction of n. — yy for the
first time, reaching the best precision

Set the upper limit of the BF of 5, — "1~ for the first time

Study of hyperon-nucleon scattering

Provide the novel method to measure the hyperon-nucleon

scattering at positron-electron colliders

« Measured the cross section of 4 + °Be = X+ + X for the
first time at BESIII

* Obtained the differential cross section for the first time

e The differential cross section, the momentum-dependent and

spin-dependent cross section can be studied further at STCF

Development of the joint alignment algorithm for BESIII

tracking system

Developed the joint alignment algorithm for CGEM and MDC

* Calculate the intersection between helix and unaligned
geometry, and the derivative of the intersection over track
parameters and the alignment parameters

* Realize the unaligned CGEM in the simulation

e Further validation is needed
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