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Motivation
e Result Q.2 —Q winpp 13 TeV

o The py trend of the baryon-to-meson ratio is similar as other baryons (A, *, E,%*, 2 %)

o The value of BR(Q.° —Q =) from theoretical calculation limits the possibility of drawing
stronger conclusions
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CLEO Collaboration 2.4 + 1.2(stat.) £ 0.2(syst.) (paper_link)
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e Goal: provide our measurement of BR(Q," -Q-e*v,)/BR(Q,* -Q =)
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https://arxiv.org/pdf/hep-ex/0207078.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L091101
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.074022
https://link.springer.com/article/10.1140/epjc/s10052-020-08619-y

Cuts vairbales cuts

Analysis strategy %} B o
/O
1p

CrossedRows Over Findable Cluster >0.8

Number of TPC PID clusters >50
e 4 1 L Number of ITS cluster >3
ITS/TPC refit TRUE

e The KFParticle package is used h

o Only used for the reconstruction of cascade ”%(G:V’” o
Y BOOSted DeCiSiOn Trees are used SPD hit kBoth (suppress photon conversion)
prefilter cut Mg+, <0.05 GeV/c?
0 XGbOOSt and hipe4:ml package Table 2: Tracking cuts for e applied in this analysis.
o  Optimisation of hyperparameters with Optuna Cuts variables cuts
. . Number of CrossedRows >70
® Ra‘W yle]d eXtI‘aCthn CrossedRows Over Findable Cluster | >0.8
° M C pT re —Weight Number of TPC PID clusters >50
Table 4: The tracking cuts for Q daughters applied in this analysis.
e Unfolding technique
Cuts variables | 2 < pr (GeV/c) <4 | 4 < pr(GeV/c) <6 | 6 < pr (GeV/c) < 12
o Efficiency Correction noror(K+ Q) -999 or(-5, 5) -999 or(-5, 5) -999 or(-5, 5)
noror(e) (-5,5) (-5,5) (-5,5)
e Systematic study (e 4.9 4.9 9
CosOA >0 >0.25 >0.5
pr (GeV/e) 2-4 4-6 6-12 X2po(Q 0 PV) >0 >0 >0
Candidates for tra‘ining : Table 5: The further pre-selections applied in this analysis.
Signal (S): pure MC signal AR 49705 e izl Note: Electron-candidate tracks without TOF PID
Background (B): information are not included in this analysis, as it will

Same event wrong sign (SE(Ws)) Background — 24402 9366 bring huge contamination from other hadrons
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BDT output ( 2 < pp(Gev/e) < 4)

Probability distribution

2 4
" mm Background pdf Training Set
msm  Prompt Q2 pdf Training Set
¢ Background pdf Test Set
101 ¢ Prompt Q2 pdf Test Set

Counts (arb. units)
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BDT output

Feature importance
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Training variables

(Ranking of importance)

Ziopo(Q 0 PV)
no-:ombined
DCA of Q daughter
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no.]c(ombined
oo ()

PA of Q To PV
DecayLength of A
DCA of A daughter

DCA_OmegaDau_KF

DCAofVOToPV_KFP

igmaCombined_Kaon

chi2geo_Omega

PA_OmegaToPV

iyLengthLambda_KFP

DCA_LamDau

-2 0
SHAP value (impact on model output)

e The plots for other py bins can be seen here
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Working point determination

e Expected signal (s): obtained from hadronic result ( HEPData )

o  The result is BR * do/dpdy

o  Assumption: same ratio as £, BR_Semi/BR_Hadr : 1.38 &= 0.14 (stat.) == 0.22 (syst)(paper_link)
dO- BRSle

do
Ngg =2- ( )+ Ay - Apr-(AccX¢e) - L - BRi =2 - ( *BRy,40) - Ay - Apr - (Acc X ¢€) - Ly, -
dprdy dpydy BRyadr

e Background (b): Wrong-Sign (WS) in Same-Event
o Efficiency: e = Acc X €, ccpection X EpprT

o Preselection efficiency: Acc X € cciection = MC(Reco)/MC(Gen) Peeudo-Sia v BDT ot GapT<d)

B |y| <0.8
o BDT efficiency:egpy = MC(Reco), gpr eut/ MC(Reco) /o 5o cut
sttt W+++H

e Pseudo-significance: S = s/4/(s+b) o
o  Estimation of the significance expected in data .5 WWHM

o Itisused to find the working point BDT = 0.97

m  Helps to reduce the bias on the BDT cut tuning S = 4.46429

o  The distribution for other p; bins seen here »s
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https://www.hepdata.net/record/sandbox/1653378661
https://arxiv.org/abs/2105.05187

. . . o SE(WS): Same event wrong sign (e=Q¥)
Comparison mass distribution g gq) sume event right sien (20

ME(RS): Mixed event right sign (e+Q¥)

Mass comparison BDT cut > 0.97 (2<pT<4) WS mass subtracted BDT cut > 0.97 (2<pT<4) NS E' [N I B BRI LN IR IR IR R IR 'E

F O I R B B T B o A A B I R A A R A %70;— ALIC\[I_EP:e“r_IT_“Q/ary E
5 70 1 —— SERS)2<p, <4 ] = °F —— SE(RS)-MERS)2< p <4 3 E 60 PP, g; 3Te =
E —+ ——SEWS)2<p_<4 J & 0 54 < E vl <O. ]
60— T = = —— SE(RS)-SEWS)2< p_<4 i~ 50 E

- —— MERS)2<p <4 3 7 25F 4 5 T F Q) - Q e* v, and charge conj. ]
50— g E E B o 402_ e

- -» -» i o 3 e E Wrong-sign bkg. subtracted ]
aoE T _\i 4 sE = § 30 2.<p <12 GeVic E
a0 %:F __++ 4 1 © 20p 3
; iﬁ 1 s %ﬁ: jt i ++ -
20— = F E 10— =

F +i 3 E + 3 E f £-+- .
10— {i_—F E*E j; = = 3 o ———— - * 1
N I TR B |\_+_\||‘1% AT N T T N T T T _10E + +_:
1.8 2 22 24 26 238 3 3.2 3.4 36 3.8 1.8 2 22 2.4 26 238 3 32 3.4 36 38 C 7
InVMass rnen ‘GeV/CZ) : 1 | 111 | 111 | 111 | 111 | 111 | 111 | L1l | 11l | 111 | 111 I 1 :
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Other two py bins can be seen here M(eQ) (GeV/c?)

e The idea of mixed event is to create pairs of tracks to mimic uncorrelated background

o The tracks of pairs (e and Q) should be from different events with similar mult. and z
e The distributions from Mixed-Event (ME), are compatible with SE(WS)
e The SE(WS) is used for the background subtraction in this analysis

position

vitx
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After Normalization

MC p, re-weight

e The PYTHIA Q. p; spectrum poorly describes the measured p; spectrum of
the hadronic decay channel

o Reweighting the MC py spectrum is needed to better match nature

e Weight factor is obtained using a Tsallis fit to the hadronic Q.° spectrum

® (ireen one is chosen for the central weighting strategy
® Other two fits are used to assign systematic uncertainty

T T T T T T T T 5 3_.‘..”....H|....|H.....‘..‘.|.H.‘..‘..‘_g 1.4 T 1 T R e m e B
1= — g - - o E |
E —— Generated 3 £t 4 ® 135 -3
c . | = - n — - .|
E —— Hadronic 92 e S 25 —e— Weight_default - E w/ weight_1 E
- - ] C . B 1.3 e ————— —
= — Fit_default e = —— Weight_1 E SE w/ weight_default E

10 —Fit 1 3 o — Weight_2 I B w/ weight_2 E
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C R ] M ] = B
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E 3 E ] 11 =

C 3 1= — E E

- e F b 105~ =

107 - — C b = —o—— E

E = - | 1= —

E E 05 3 g : =

N J - 4 0.95— —

ol b b b b b b L Dol b b b b b T s = = I B S S T S B S
1075 3 4 5 6 7 8 9 10 1112 % 3 4 5 6 7 8 9 10 1112 09 3 4 5 6 7 8 9 0 1

P, (GeVic) P, (GeV/ic) P, (GeVic)

Nov./17th/2023

Q% production via its semi-leptonic decay in pp at 13 TeV

Tiantian Cheng



Unfolding procedure
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® The correction for the missing momentum of the neutrino performed by the Bayesian unfolding technique
o The response matrix represents the correlation between the py of the Q.2 baryon and that of the reconstructed eQ pair

e The py weight is applied to the response matrix

o The refold procedure is done to check the stability of the unfolding procedure

e The weighted unfolded yield of Q. (black color) is used to correct for acceptance-times-efficiency
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Reconstruction efficiency

e The py weight is applied

e Reconstruction efficiency: € = Ace X €, ooection X EBDT
o Preselection efficiency: Acc X &, oelection = MC(Reco)/MC(Gen)
m |y[<0.8

o BDT efficiency: egpp = MC(Reco)y gpp et/ MC(Reco) /o BT cut
F ETTTTTTIIITII T E
) o & [ ALICE Preliminar ]
N ACC X Eppeselection § BDT efficiency § " op. 15 13 TeV y :
0.09; o.gi— . . u; Fol-sae Vv, and charge conj. 7
o.oai— o.si——'— 80 = -
oorf- o7f- s f :
oosE— osE— % L ]
i “E Q r T
ook osf- g 1 ] |
0.03; OAS; E E
o.ozz— — o.zi— E * E
0.01; 0.1; L i

E\..\qu\\ 1 | s | | L E....I....l. | | L | | L1
% 3 4 5 6 7 8 9 0 11 12 % 3 4 5 3 7 8 9 0 11 12 | L | [ N [ T R
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Systematic uncertainty estimation

e The various contributions of systematic uncertainties are summed in quadrature

o Yield extraction: eQ Mass cut
pr (GeVic) 24 4-6 6-12
o ITS-TPC matching €€ pair mass 0%  10%  10%
o Track quality selection ITS-TPC matching 2% 2% 2%
. Track quality selecti 4% 4% 4%
o  Unfolding procedure rack qualily sefection
. . . . Bayesian-unfolding iterations 4% 4% 4%
m Bayesian-unfolding iterations ,
Unfolding method 4% 4% 4%
u UHfOldlng‘ method Response-matrix pr range and binning | 20% 20% -
m  Unfolding py binning BDT cut variation 15%  15%  15%
. . MC py shay 0% 2% 1%
o BDT ecut variations i
Total systematic uncertainty +30% +28% +19%
O
MC Pr Shap ¢ Luminosity 1.6%
Table 14: The Summary of the systematic uncertainties in this analysis.
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Final result comparison

S | S L B L L
T> o a8 ALICE Preliminary |
. . . & F 1] pp, Vs =13 TeV .
e First comparison of two different o v <0.5 .
= [ i
decay channels at ALICE s f L e aey,
o Correlated systematics between the two analysis \_8;'_ i T Lo )
m [ITS-TPC matching ~ 02 ]
© C 3
m  Track quality selection ‘o C ]
X - ’
m  MC py shape o - -
m — -
o  Lumi. uncertainties fully cancel in the ratio i ij i
e The measurement of branching-fraction +16%lumi. une.notshown
9 1'6:_l T T I T |_ T I T T T I T T _I | T T T I T T T | l_:
BR(.QCO —0et Ve> /BR(QCO _,Q—Tch) ;‘:3 1 4 F-BRQ2 > Qe v) /BR(Q » Q 1) m E
is obtained e o ——— B
0.8F qj =
0.6 =
O4E, L0
0 2 4 6 8 10 12
P, (GeV/c)
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Weighted average of the 3 p, intervals

e The ratio of the two measurements was averaged over pp using the inverse
uncorrelated relative uncertainties as weights ( link )

o The weights were defined as the sum in quadrature of the relative statistical and the pp-uncorrelated

part of the syst. unec.

Weights: : . (R 1 ) Same procedure was performed E° paper, ( slides)
stat\ 2 pTuncorr i| 2
— |\ j (U;zt- t) * (ai Y, ) Br =73
wf ‘ ‘ . (w—z)

(Ostat)pT =

) (U'sm.%)z { l J’T“"“" 1 Semileptonie: . |
W ( pmcorr All the systematic sources are considered as pq
1
%(%)

- ( W ) correlated

Hadronie:

MC p shape, BDT cut variation, track quality
selection and I'TS-TPC matching (all except
raw-yield extraction) are considered as pq

J correlated

The pp-correlated syst. unc. were propagated by recomputing the ratio after shifting up
and down the ratios with the corresponding pr-correlated syst. unc.

syst (R)pT (R)pT

pTcorr_down R RPTCO -upihadr ")
g, - =
( syst )FT L —

pTcorr pTcorr_up pTcorr_down
<asyst ) - max[( syst ) '(asyst ]
pT pT pT

i WLZ
f RpTcorr down; hadro RpTcorr up;: seml 2 \
T, T
(o) (R j( e q) 1
pT

RpTco r_down;: Seml 2
+ -1
(R)pT
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https://link.springer.com/book/10.1007/978-1-4614-7984-0
https://inspirehep.net/literature/1862793
https://indico.cern.ch/event/945271/contributions/3972150/attachments/2091654/3514687/20200826_PF_Jianhui_v5.pdf

e no difference between ALICE and BELLE:
o ForE? : 2.50
o ForQ?: 2.70

BR ratios comparison:

IIllI IlIlIIlIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllll
1
1
CLEO | —e— =
1
1
— 1 — SUGE), - 7]
1
1 —— Light-front approach — Light-front approach
1
BELLE E | — IQCD(semil.)+ PDG(hadr.) 'E' Light cone sum rules
1
| RQM(semil.) + PDG(hadr.)
| I 1 o ]
| ALICE Preliminary
1
PLB 792 (2019) 214-218 v_ =13 TeV
1 = , IS e
ALIGE =1 cezcms e | =4 PP
| EPJC 80 (2020) 11, 1066
| PDG: PTEP (2022) 083C01
' I [T PN PR TS NN AR E N NN NN NN NN NS N N

05 1 15 2 25 3 35 4 1 15 2 25 3 35 4
BR(Z. — E e*v,)/BR(E. — Z 7 BR(Q. —» Q e*v,)/BR(QJ - Q =)

= ALICE: 0.96 & 0.21(stat.) &= 0.28(syst.)
- Belle: 1.98 4= 0.13 (stat.) = 0.08(syst.)

CLHCP, Nov./17th/2023 Tiantian Cheng Q% production via its semi-leptonic decay in pp at 13 TeV



This result is shown in QM
Summa’ry ALICE highlight talk

e The production of the charm-strange baryon Q. in its semileptonic decay
channel (Q.° —Q et v, ) is measured for its first time in ALICE
e The ratio of BR(Q.° -QeTv,) /BR(Q.> —-Q 7T) is measured in ALICE

o There is about 2.70 tension compared with the one from BELLE collaboration

o Our result is fully compatible with the theory results TR T
CLEO =
N — Light-front approach h
BELLE 3 Light cone sum rules
> After preliminary, the ME used as bkg - ALICE Preliminary
> Effects of 10% on the raw yield extraction ALICE | (== pp, s =13 TeV
> Improve the relative statistical error about 20-25% N llIEPJCIMm,WOGT -

. 05 1 15 2 25 3 35 4
> Paper proposal was on 15" Nov.(link) BR(QY > 0 e v,) /BR(@Y - O )

Thanks for your attention
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https://indico.cern.ch/event/1339900/
https://indico.cern.ch/event/1139644/contributions/5343930/attachments/2708220/4702128/IArsene_QuarkMatter_v4.pdf

ADDITIONAL SLIDES
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Prefilter correction

e Non-HF electrons are mainly from y conversion or Dalitz decays, which can be removed
by using electron pair mass cut (called ‘prefilter’)

o There is a probability of wrongly tagging an electron as photonic

e The prefilter efficiency is calculated using real data, to correct for the ‘missing’ electrons:

o Itisa very minimal effect 8 __ Neo(same sign prefilter on)
il = Neq ( prefilter off)

Corrected for Eff_prefilter
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Entries

Entries

CLHCP, Nov./17th/2023

Yield and mass distribution

gso—=" T "~ T T 7 =4 g FroT T A AR RREN AR R RARERS
w0k e WS L + —~SERS) (2<p,<12) ]
r RS 3 C —~SEWS) 2<p <12) ]
250— = so} ++ E
TN ﬁ ]
1502— —t— —f C + + ]
£ ] 40— 1
100 —t = E i :
g 1 ﬁ
- ; 4 7 #¢ i E
Co R S R AR n P = S I B .
2 7 6 8 10 O B YR TR T EXRY
p (GeV/c) InvMass eﬂ
Corrected for Eff_prefilter
FT L A L B B
C :§ E'\"\"‘I‘ T |"I"‘I"'I"""I"'I'E
2o ——yieldcorrected | T & *°F E
mo} —»— yield { 50;_ WS subtracted, (2 < p_< 12) _;
r ] 40— —
80— — = E
C ] 30~ =
1. f
40— ] mi E
. | ] g + + ++ + + E
20:_ T —: 0; + + +_+_
0:_+ B 1ol + E
B | P | | 1 = Eily | T I Lo b b by by by o 147
2 4 6 8 1.8 2 22 2.4 2.6 28 3 32 3.4 3.6 3.8

10 12
P, (GeVic)

Tiantian Cheng
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To correct the wrong tagging for ele

ﬁ

g
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Top left: The py distributions of WS
and RS eQ pairs

Top right: The invariant mass
distribution of RS and
WS eQ pairs

Bottom left: The yield distribution

of pp?
Bottom right: The invariant mass
distribution of WS eQ subtracted
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Mass distribution comparison
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Systematic study 1): PYTHIA 8 study _

e Investigate possible contaminations to RS el pairs from other decays
o There are no guidelines from PDG about possible ‘contaminating” decay channels
o  We consider the following three decay channels as contamination 1> 2]

e It shows that there will be clean signal region if the mass cut > 2 is applied

o Application of mass cut is reported in the next slide

2 o E
ERRE o — Q? > Qetv, =
_;E e Q¢ - =lev, E
! Belle and CLEO do not perform 3 e 20 Qe vK® |
a correction/apply a selection "2E T - Qe vK' |
regarding contaminating decays E E
0.8— —
osf- =
0.4 -
0.2 —
[1] N R Soni*, Proceedings on Nucl. Phys. 60 (2015) T : — ! Sslg )
[2] R.Ammar, et al, CLEO Collaboration, PRL 89.171803 M(eQ) (GeV/c?)
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Systematic study 1): Mass cut echeck: BR x do/dppdy

= LI B B B 3 8 2 LIS L B L O -
Q E=1 — -
3 ol ] € 18- =
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2 F 3 16— —=— w/ Over w/o —
> - —&— w/ mass cut — = =
S | = — 14— -
° E 3 C ]
:g C . 1.2__ ]
3 - n C 7
e E SR . E
C e — _ 08— —
102 — C 3
E 3 06— =
E " - = J
10_3:_ ¥ ] 04— -
% % 02 3
r 7 E A T D T Lovrinlorl ]

10—4 1 | | | | i | | | Loy 02 3 4 5 ) 7 ) ) 10

2 3 4 5 6 7 8 9 10 11 12

P, {GeVic) p. (GeVic)

e The application of a mass cut at 2 GeV/c? gives about 10% effect (assigned as systematic)
e There is a big fluctuation at last pp bin due to lack of statistics
e Study effect of varying the mass cut can be seen in the next slide
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Systematic study 1): eQ mass mass cut
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e Together with the mass cut check
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