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s Jlydata
—— Total fit
=== Signal
-—- Background

Events/1.3MeV/&

« J/y data
Total fit

--- Signal
=== Background

Events/1.3MeV/¢

T e ; - r- h e
1.14 116 1.18 120 122 124 126

M= (GeV/c?)

> FIAErRmEC /2 J\E-LE?I-EER
> {E5PDF: X FTHRERSH R

> ZKJKPDF: ZRYItEEXRZINN

Modes

J/y — V20 20— Ay, 30 — anything

JIy — 020 50 5 Ay 50 - anything

ST Yields
ST efficiency(%)

‘@J;’gﬁ!—hzﬁiﬂ (X 1 0_3)

2916940 + 2655
36.46
1.242 + 0.001

39225220 + 2645
38.13
1.311 + 0.001 33
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e e
I s [0 ppre- = f dTs0_ ppre- /dg dg” = f IG ()P W(g™)dg®

= rmmf *EQE‘:'—»M*@‘ ’

Eventsi1,0MeVid

2 Npr o 55T 1
A0 _spetes = E
Nst  &pr  Baspr

—a— Jly data
Total fit

> FlRHete AT REIERIES
o S > ARIERETEC - Ayidie
> EE5ARTIENERS R

—
o

Events/1.0MeV/&

0.00 0.01 0.0z 0.03 0.04 0.05 0.06 0.o7 0.0B [0 [/§ 1)

M, (GeVic')

Modes ¥ 5 Aete” ¥ 5 Aete
ST Yields 2916940 + 2655 3225220 + 2645
ST efficiency (%) 36.46 38.13
DT Yields 347.93 + 23.19 405.05 + 20.11
DT efficiency(%) 1.04 1.12
Individual Bgo_,qote— (x107%)  6.34 £ 0.44u0as. + 0.215ys. 6.29 & 0.33400¢, + 0.1deys,
Simultaneous Bso_, 4o+, (x1077) 6.32 £ 0.255¢at. = 0.18ys.
Individual G (0) 2.13 £ 0.09stat. £ 0.05sys. 2.12 £ 0.06stat. £ 0.045ys.
Simultaneous G (0)) 2.13 £ 0.045at. £ 0.054ys.
Individual g/ ( zrip ) 1.74 £ 0.07stat. £ 0.03sys. 1.73 £ 0.05star. = 0.025ys.
Simultaneous p/(ﬁ) 1.74 4 0.03spat. £ 0.03sys.

r A 100 %
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TORCH PMTZ3 5] 43 3%

For TORCH, the proposed solution is to use a structured multi-layer ceramic readout anode,
which is a hybrid between a multi-anode detector with direct DC connection from the vacuum en-
velope to outside of the detector and a charge sharing imaging MCP device. This hybrid anode
design capacitively couples the signal from the MCP electron avalanche, collected on a resistive
layer inside the vacuum, to anode pads embedded in the ceramic structure. The structure of the hy-
brid anode is designed to allow for charge sharing between anode pads, allowing the use of charge
sharing techniques to increase the detector’s spatial resolution beyond the pitch of the anode pads.
To perform the charge sharing calculation, a charge measurement at each of the anode’s readout
pad is needed. The photon’s position Xy in one dimension can then be naively calculated from

X? = ix,-@

(3.1
= C

where x; is the spatial coordinate of a readout pad in one dimension, ¢; is the charge collected
by that pad and Q is the total charge collected by all readout pads. An ideal algorithm could use
weighting of the charge collection efficiency to further improve imaging resolution.
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ArecTOF (TOF, o, — TOFyyp,) BI4M Fl = R B 2R -

ArecTOF

. ratiol
= ratiol * Gaus1(0,resTOF) +
* Gaus3(0.05, sigma?2)

* Gaus2(0.135,sigmal) + (1 — 1.5 * ratiol)

> Gausl@2FIE, Gaus2FAREIRNEMATEAKETTS EI’JEﬁU{'] GausBﬁﬁﬂzf 22 IR ENET N
> U EBHBENETEIZIEAE THArecTOF D fH1GE, H— Nk TEIEMAERER
Wiz —daik
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1 {ﬁZIK }—\— shz aks abo 4b1 ale ale 4% als 4bs 451 4l alo 44 abs 3b2 sk
[=] EE 355 38 397 407 413 424 431 429 435 433 437 433 425 416 409 393 381
364 384 4.02 407 422 431 434 431 438 438 442 438 428 417 409 3.94 378

80 369 393 407 4.12 429 438 44 435 44 443 444 439 43 422 41 3.92 375

352 370 300 412 423 433 443 442 4.43 447 4.47 447 443 48 419 41 3.95 376
[368 5.84 403 422 431 44 45 445 445 45 451 450 442 436 423 411 3.94 375
376 3.88 4.00 425 432 442 449 451 450 452 443 45 441 433 425 404 393 372
[387 399 415 434 444 45 458 453 455 457 458 456 45 439 423 407 389 368

70 [394 401 419 442 452 455 46 462 458 462 46 457 449 438 423 406 3.89 365
402 4.04 423 448 458 463 471 469 466 466 451 461 453 439 423 404 387 365
|4 413 428 457 466 474 481 474 467 471 468 466 457 443 427 407 3.85 367
[412 417 433 46 473 489 481 478 476 475 472 465 453 4.44 426 406 .87 3.64
(419 423 432 471 4.87 494 501 489 486 4.82 4.8 471 484 444 420 409 3.84 361

60 [432 431 437 475 495 503 505 5 493 496 481 478 468 452 429 411 3.85 363
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[447 442 451 480 5.16 527 525 5.14 506 505 5.01 405 48 457 485 416 392 87
Zﬂ 445 461 499 52 536 528 523 514 511 504 499 481 464 443 416 3.96 3.72

.79 44 .3 45 455 462 511 534 547 539 533 527 516 507 503 4.84 47 4.43 4.23 3.97 3.78
80 |361 382 415 433 44 50 |a42 450 472 524 551 553 549 535 53 527 515 507 496 472 445 426 4.06.8.
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B We integrated the p(p) and A(A) if we tag 2°(2). Then the amplitude for Jiy —
050 30 5 Ay, A- prt, 2% > anything and its conjugate channel is written

as.

Wso =2 (a_ J1- af%n sin Ay, sin fso cos fyo sin 5 cos 0, sin gy + ayo cos? Ogo + 1)

Wso =2 (a+ J1- ﬂ’;n sin A@yo sin fxo cos Bxo sin 5 cos Oy, sin gz + ayo cos? fso + 1)
B 50 and Adyo are the decay parameters to describe J /1 — 209
B «_ and a, are the decay parameters for A(A) - pr~(prt)
B 05050, Opa/x Pa/a Opp are the helicity angles defined in the rest frame of their

mother particles.
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The decay width can be computed as:

1 1 I
dl = (21)5 16 M2 WlpillpaldqdQ,dQ,
Y0

B The complete amplitude is written as|3]:

e (‘I — 4mj) 7 7 y Cruptiy SanEOav-O

w,0=0 pr=00vr=0

B «,, =4n/137, q is the four-momentum transfer and m; is the invariant mass of

electron. C,5 represents for the polarization and spin correlation of %030, a,,’ is

the decay matrix of hyperons depending on the decay products, which is shown on

backup.

[3]: Phys. Rev. D108:016011, 2023.
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”v University of Science and Technology of China
( 1+ ay cos? 6, 0 By sin 6y cos 0y 0 \
0 sin” 0 0 Yy Sin 0y cos 64
— 37 sin 0y cos 6; 0 vy sin? 0, 0
\ 0 —y sin @y cos 0, 0 —ay, — cos? 6‘1)

B (5 is a 4X4 real matrix representing polarizations and spin correlations of

the baryons.

B Where the parameters S, and ay, are expressed via ay, and A® as S, =

/1 — ajsin(A®) and yy, = /1 — a;,cos(AD)

B, =ayp = —0449 [5] Ad =-0.08[6]

B 0, in the electron-positron center-of-momentum (cm) system.

[5]: Phys. Rev. D95, 052003, 2017
[6]: Phys. Rev. Lett. 133, 101902, 2024
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1 0 0 0
= 0 0 0 -—sinfzcose; 3
30 _ A A 0 _ (4) em
Aw={0 0 o —sinfzsingx By = ch:o Ry (@) biey
0 0 O —cosOx
1 0 0 ap
A apsinb,cos¢p, ypcosbycosep, — Brsing, —prcosO,cosp, —ypsing, sinb,cose,
W | apsinBysing, yacosOysing, + facosep, —Ppcosysing, +ypcos¢p, sinb,sing,
apcoso, —YaSing, Basint, cosf,
1 0 0 ax
A axsinbscosp;  yxcosbscosp; — Pasing; —Prcosficospy — yasingy  sinbizcosgy
Hv axsinbssing; yxcoslzsings + frcospy; —Prcosbzsings + ypcosgp;  sinbzsingy

axcost; —YaSing; Basind; cost;
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B The form factors are included in the decay matrix of £° - Aete™, which is

described with helicity amplitudes:

Mso + M
HY, = \20- [—FIV + == AFZV] = —\20 Gy

M,
A B O
HYO _ Vo [(Mzo + MA)FY + . F;’] = &(Mzo + MA)GE
! N Mo N2

B F; and F, are the transition form factors, and Gg,y are electromagnetic form
factors. Q1 = (Myo — M))?* £ ¢
B ( can be safely neglected because the electric radius is estimated to be much

smaller than the magnetic one|2] [4], so as we do in MC generation.

INI

|: Eur. Phys. ]J. C (2020) 80:218, 2020
4]: Eur. Phys. ]. A53:117, 2017 51
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Event Selection

O Good Tracks
> |cosf| < 0.93
> |V,| <30cm
> Nyooa = 2

O PID (dE/dx + TOF)

> p:Prob(p) > Prob(m/K/e) && Py > 0.55 GeV/c
» 1. Prob(m) > Prob(p/K/e) && P, < 0.35 GeV/c

> Ny >1&8& N+ =1

3

4]

3
T

- - ha
[=1 wm [=]
g 8 8

L L B

|
| 1 |

Events/0.012GeV/c
8
|

0 62 04 06 55 1.0 1.2
P (GeVic)

[==]

160
140
120

1 w100
b4

(=]
e

T T

—+ Data
[ Signal 3
[ Background 3

T T T T

i PR P T P

0 1.1061.1081.1101.1121.1141.1161.1181.1201.1221.124

O
>

Y VYV

v O

A\

Photon Selection

Opening angle between shower and the
nearest charged track > 10" (> 20 for p)

Barrel(Endcap): E > 25(50)MeV, |cosf| <
0.8(0.92)

0<T< 14
N, > 1

A Reconstruction

Do vertex fit and secondary vertex fit of
all pr* combinations and choose the one
with the minimum y2,,

|M i+ — My| < 8MeV/c?
Ldecay >0

x2.c <200
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O X9 Reconstruction

> Looping all y candidates, and keep the ones with the minimum value of |Mz)"" (M7, —
1»1137r4' _F'Ibq)\)l

> Match angle between selected photon and truth information: 8,,q¢cp, < 5

Ay — Mso| < 0.15GeV/c?

x10°
WE T T T T T T T T T T T T T T g (ABRS RARAS RARAE RARRE LARAS RARLE RARRE RAREE RARLE RARRS
3 160 — Total —
7 o —— mateh =
106 _E § 140 — Unmaich
7 o 120 =
5 ]
40:3 10 15 I.IE') 100 -
4 2 g0 B
w 10 2
c -
g 60
103 (] 40 =
20 3
102 PP PPN PR EPRPEFE BRI EPSPEE AP EFEE B 0 1 1 1 3
0 20 40 60 80 100 12% 140 160 180 1.1701.1?51.1301.1851.1901.1951.2%01.2051‘2101.2151.220
= corT
Angle_gam(tag X") IVIK_! (GeVic?)
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DT Analysis

Event Selection

YV V VY

vV V V Vv 0O

Good Tracks
|cosf| < 0.93
|V,| < 30cm

Ngood =6

PID (dE/dx + TOF)

. Prob(e)
€ Prob(e)+Prob(m)+Prob(K)

N, >1&&Np- =1
N,+ = 1&&N,- > 1
Foret: |V.] < 1cm |V,| < 10cm

> 0.8

“'*@ﬁé&%k'ﬁ

University of Science and Technology of China

O A Reconstruction

>

Reconstruction of A is the same as that of A
on ST side

Kinematic Fit

Firstly a vertex fit of e*e™ is performed to
improve e e~ kinematic uncertainties

Loop all e*e™ with y, A, A to do 4C
kinematic Fit, find the successfully fit ones
with the minimum value of )(,%mf.
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Table 1: Decay trees and their respective initial-final states.

decay tree

rowNo (decay initial-final states) iDeyTr iDcylFSts  nEtr  nCEtr
I/ = 550, 5% 4 A4, 80 5 Ay, A = = p,A =
1 ‘ ’,.fL. i m’_’_ ]\ ey na P 0 0 427 427
o IO TR0 50 4 Ay £ 5 20K A > xp, K o =t 1 1 ‘ =
- (J/¢ ==+ z°=* =" ppy) -
3 J/IY =y, e = 088 4 A4, Z0 s A Ao x"p, A=t " o " o~
) (J/¢ ==+ =" =" ppyY) - - - e
JIo -+ A A2 p, 80 92,2 s ete Y A xtp g .
4 (/6 s e*ex*u=oprP) 3 3 1 433
5 J/p = B804 50 3 Ay, E2 a5 A A= p A =xtp . & 1 434
' (J/¢ ==+ =¥ =" ppyyy) - =
; J/W = AL A x5, 2 9 Ay Ao 7p " ol
h (J/¢ =0 ¥ =" ppy) 5 4 1 435
- J/Y = AP A 5 x7p, 80 5 2% A xtp . " .
‘ (J/9 -+ 2°%* = pp) 6 5 1 436
JIY =+ ALY A =727 p, L% 9 Ay, A= x¥p ~ .
- (J/¥ ==» =¥ =" ppyy) i 0 1 437
JIe = AL A 72 p, 80 5 2,7 s ete A A atp
9 : ¥’ - - 438
(J/v -+ e*e "=tz ppyF A7) 8 6 1 138

From the analysis of DT inclusive topology, we can find that the most

dominant background is £° - Ay from gamma conversion.
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Gamma Conversmn Veto

0 10
9 9
8 8
7 7
> 8 > 6
g ° g S
4 4
3 3
2 2
1 1
1 L 1 1 1 Il 1 1 1 1 Il 1 1 1
8.00 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 099 0.10 800 6.01 0.02 0.03 0.04 005 0.0 .08 0.09 0. 800 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.10
Mee bp Mee_bp Mee_bp
data Signal mc Bkg mc
10 1 10 T
9F 9F I
sk s
7E - |
o
2 s 3 - i
vt o o
4 4 - B
3 3 :
2 2
1 1 -
F 1 1 1 1 1 1
9. %0 o5 1.0 15 20 25 30
Phiee
Signal mc Bkg mc

» ®,, <75°when 2cm < Ry, < 7.5cm is rejected.

» Events on high mass side of the curve are selected. The curve is defined between

(0.004GeV/c?,0cm),(0.004GeV/c?,2cm),(0.03GeV/c?,3cm),(0.07GeV/c?,10cm)
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Table 1: Decay trees and their respective initial-final states.

row NG P ;?_:ﬁn!l; ;TEI P iDeyTr  iDeylFSts  nEtr  aCEtr
1 Jip = B0 0 A P S Ry A s p A ath 0 o 427 427
(S -+ 7¥ =" ppyy)
;ll.u \-u"--u_ i) Ao el 0 i_ L - A + o=
3 (] s 2O 5 ppy) 1 1 3 130
3 i = ey, e = ZPELED 4 Ay, B0 5 Ay A = mTp, A s wtE 5 ” 5 453
’ (S} ==+ 7t =" ppyry) - '
4 Jf = A" Ao p, B0 oA s 2 ete W,F. A=sap 3 3 1 133
(Jf -+ e*e"xtn p}}\,‘r) h h -
. Jfp = B B0 G A B A A= s A=t
? {.;;u- e ) ' ! F F 4 2 1 434
6 Jip =4+ AR A a1 p 2 s Ay AT - 4 1 135
S e ) ’ 5
- Jir = AR A s p B0 o "R A tp .
T )6 s 2Ot nmpp) 6 5 1 a3
. Jir = AR A a7 p B 5 Ay A rtp - .
& {.};’u- + w57 piy) i 0 1 437
Jfg = AR A = w50 o 2R 1 s ete A St
a9 v B i 1 438
(Jft) ==+ e*e"xtn piv ) !
5T decay tree LSV, LRSS S I oA = Farnm
[decay initial final states) - i i
| S 4+ EPEO R 4 Ay B Ay A rTp A xtp 0 o . .
(S -+ wta” piiyy)
2 .fl."l'[." P AR A 4 B o 7AA sete " A= =t 1 1 1 g
(St =2 ete wtr ;u}:r‘rp]

Very Low Background Level after Conversion Cut !
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Source 20— Aete (%) | Z° — Aete (%) | Combined(%)
A(A) reconstruction 1.0 1.0 1.0
e* tracking 0.3 0.3 0.3
e~ tracking 0.4 0.4 0.4
¢t P1D 0.3 0.3 0.3
¢ PID 0.3 0.3 0.3
Gamma conversion veto Y | 1ol ] |
e*e” vertex fit and 4C kinematic fit 1:3 1.3 1.3
Single tag fit 1.5 0.6 1.1
Double tag fit 2.8 2.4 2.6
Total Uncertainty of Z%(Z%) —» A(A)e*e” 3.8 3.3 3.5
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