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Motivation

@ The study of the production of hidden and open heavy-flavour hadrons in proton—proton (pp) collisions provides
an essential test of QCD, involving both the perturbative and non-perturbative regimes of this theory.

oIn particular, the production of the J/y meson is the subject of many theoretical calculations. The cornerstone of
all the theoretical approaches is the factorization theorem, since the heavy hadron production with large pr, the

cc pair production cross section can be computed perturbatively, and there’re lots of models to describe it.
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@Non-prompt J/y production is directly related to open beauty 0'55_ y E
hadron production cross section : 041 j’ :
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Motivation
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® The event-multiplicity dependent production of charmonium and 2 L ALIGEpp (s=13Tev -
_ o ~Z 16 Inclusive J/yp, |y| < 0.9, p_ integrated —
open charm hadrons in pp and p—Pb collisions are observables Slo ' H -
5|5 140 _e- SPD event selection H -
having the potential to give new insights on processes at the 313 Lo m VO event selection -
parton level. 10f- . -
@ The general observation is an increase of open and hidden 8 e T
. . . e - ¢ e T
charm production with charged-particle multiplicity measured at °F ; Tyt -
. - 4 -
midrapidity. 2:_ & -
@Several theoretical models can predict a correlation of the O;.a“" -
] | ] | | +—
normalized J/y production with the normalized event multiplicity SIS 25 -
- . zlz" of , . -
which is stronger than linear. ol ; = . -
: : N . i
®We expect to see how non-prompt spectra increase with SR, g O -
AT z' |z 051" _
multiplicity and the dependence. R D T U
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Motivation
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ALICE, pp \s =7 TeV

¢ Average D°, D*, D*" meson lyl<0.5, 2<p_<4 GeV/c
# Non-prompt J/y — e'e, lyl<0.9, pT>0

® ALICE has studied the multiplicity dependence in pp collisions.
at 7 TeV and 13 TeV of

N
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- inclusive J/ys production at mid- and forward-rapidity

- prompt J/y (including feed down from y(2S) and y,.),
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- non-prompt J/Y and D-meson production at midrapidity 10
— .I():"'I"'I"'I"'I'"l"'l"‘l"'JE /\18_III|IIII|IIII|IIIIIIIII|IIIIIIII
S - T o ALICE ]
® - ALICEpp \s=13TeV  J T of  ppls=7TeV [ . PYTHIA 8.157 _ 5
% 1— = « Prompt JAp, lyl<0.9 | -é‘ - " . i $ ]
g Do, e _ 1, 4 po R B non-prompt J/y _ | -7 -
= - ' Liy=32.20b" = 1.6% Z 2 14— o ] @ +6%/-3% normalization unc. not shown -
ol T 1 %5 f Normalization ] B + 6% unc. on (dN/dn) / (dN/dn) not shown _
N -0 i i N — uncertalntles nOt Shown - ,l‘ﬁ I 1 | | I 1 1 | | 1 1 1 | | 1 1 | I 1 1 1 I |1 1 | I |1 1 | I || 1 1
Ol 1 ] - ] . e ]
< 10 = = N 12_ i 8 — —
i 1 T T : 2 =3 E
- 1 2 10 7 - s E E
21 L *: . O B N -8 n _
10™°E | NRQCD, Ma et al. E N . S . F ]
- NRQCD + CGC, Ma et al. 1 B gL — g 0.2 E
| [ ]ICEM, Cheung et al. 1 2 - ] ‘5 = =
10-31=  NRQCD CS + CO, Butenschoen et al _ C\'IO o 4 @ g 9
= NRQCD k. factorisation, Lipatov et al. = B ]
- 1 lkT P 1 | i T (e - (chh/dT]) / (dN h/dT])
............................... - ] Cc
N P :
2 a4 - - - : L
2 oL - (8. - Non-prompt J/y production vs multiplicity
£ 2[ . i : : : : :
G i — P T T T at 13 TeV is responsible by this analysis
0 2 4 6 8 10 12 14 16 0 1 2 3 4 5 6 7
p. (GeV/c)
T (dN/d) / (N _/cin)
C

Nov. 27 2021 CLHCP2021 * Wenda Guo (CCNU) 9



Experimental setup

@ Time Projection Chamber (TPC):
tracking, PID via dE/dx
@Ilnner Tracking System (ITS):
* vertexing, tracking, triggering
» which include SPD SSD SDD 3 subdetectors,
- SPD
- good vertex resolution and multiplicity estimator (|#|< 1)
@VZERO:
» amplitude measured in the VOA
(2.8 <n <51)+VOC (-3.7 < n < -1.7) arrays,

and as multiplicity estimator
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Multiplicity estimation

@ Correction for vixz dependence of the number of SPD tracklets

Due to the acceptance of SPD detector , and inactive channels, (V) ¢pp. k1o« NS dependence with Zvtx, also due

to SPD performance it’s also dependent with run number, so we should correct it by following formula:

COrT
n trk

= n., + Possion(An,,)

Average Number of SPD tracklets in Inl<1 in all run groups(profiles vs Z vertex)

ref
ntrk

where  Ang =( :

N1 (Vtxz, run)

Uncorr NSPDtrklet Distribution
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@ 10 select events based on the primary charged-particle multiplicity, the number of SPD tracklets in |77| < 1 is

Multiplicity estimation

used. And it should determined by the correlated number of reconstucted SPD tracklets.

®
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min ngemax ng! (New) {Peh INEL>0)

A 10 0.393 + 0.005
1 20 1.227 £ 0.017
2 30 2.109 + 0.031
31 40 2.981 + 0.046

50 3.786 + 0.055
5’ 60 4.588 + 0.071

70 5.373 + 0.080
7 80 6.174 + 0.102
81 | 100 7.136 = 0.110

sowackiets | he same as the inclusive J/psi as a function of multiplicity with ALICE




Non-prompt J/iy separation

The J/y candidates are formed by considering all opposite charged dielectron pairs.

The inclusive J/y yield measured at hadron colliders can be considered as originating from three main different processes, which include prompt
and non-prompt collision procedure:

prompt -> direct produce.

non-prompt -> B hadron decay.

Prompt J/1 mesons are separated from those orignating from beauty hadrons decay, exploiting the displacement between the primary vertex of
Jy.

The measurement of fraction of J/y mesons originating from beauty-hadron decays is named fi ,which is after efficiency correction applied on the

measured results f‘BmCO“eCtGd, which is carried out through an unbind two-dimensional likelihood fit procedure, which is applied on invariant mass and

pseudo-proper decay length of J/y.

e+
The pseudo-proper decay length (x) is defined as 3 /\I/ _
c-L- ﬁT ' MJ/I//

- prompt J/y
-J/y from B
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Track selection : select dielectric pair candidates

ul
Criteria: o
etrack kinematics | DCAXy |
remove combinatorial background from low-p+ electrons |DCAz|
etrack quality TPC no,
ITS, TPC, and Impact parameter requirement TPC no,
e@electron identification TPC no,
TPC dE/dx reject kinks
eorejection of electrons from photon conv. request ITS refit

request TPC refit

Pairing candidate: request SPDany
|y| < 0.9, TPC |x?|
pr € [1.0, 15.0] GeV/c ITS |%?|
daughters of candidate have at least one hit in two of SPD layers TPC Ncls.

ITS Ncls. shared
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Track and pair candidate selection
Decay channel :J/y/ = ee”

<|0.9]
>1.0 GeV/c
<0.5cm
<2.0cm
[-3,3]
>3.5
>3.5

yes

yes

yes

yes

0,4]
0,36]
70,160]
0,1]




Likelihood fit

After we extract inclusive J/ys signal, we can separate prompt and non-prompt J/i. As we discuss above , we use maximum

likelihood fit method. The fit procedure maximizes the logarithm of a likelihood function:

N
In{L} = 2 In{F(x', m’,_))
=1

its components
F(x, me+e—) =fSig ' FSig(x) ' MSig(me+e—)

(1 _fSig) -k Bkg(x) ' MBkg(me+e—)

_ . psproper_decay_length_copy
where, S o Dorass
E — FF Std”l?:fv 106.9
: 2\ E 104 = P xzr 5498 / 2390
NisJ/ynumber (24 <M<3.6 GeV/c“) & £ rr>10Geve Prob ey
F f’ F (1 f’ ) F 10° MeanG1FF 0.5155 = 0.0689
— E ResG1FF 41.81=0.19
Si o —JB 1R + — JB’ " 1 Prompt = WG2FF -2.769 <0415
/ , 0 Ros2rF 6534 2096
— . — = AlphaResFF 118.2 0.2
Fpromp = 007) ® R(x" — x) = R(x : | pedm
F ( ) ( ,) ® R( ) 10 3 /4 '. Normalization 8.487e+06 = 6.517e+03
B x — ZB x x E NI I Wiy
_ L7 LT WTRTERE T Y VY :
'E Il estimated from MC study
o I T
B T4 and no much multiplicity dependence
. B 1 1 1 1 | 1 1 i | 1 1
106000 ~4000 ~2000 0 2000 4000 6000

pseudoproper decay length [um]
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Likelihood fit

After we extract inclusive J/ys signal, we can separate prompt and non-prompt J/i. As we discuss above , we use maximum

likelihood fit method. The fit procedure maximizes the logarithm of a likelihood function:

N
In{L} = 2 In{F(x', m’,_))
=1

its components

F(x, me+e—) =fSig ' FSig(x) ' MSig(me+e—) (1 _fSig) ' FBkg(x) ' MBkg(me+e—)

e
where, % 5
=10°]
N is J/y number g
Fgi, =fg - Fg+ (1 = fp) - Fpromp L S Kinematic pseudo-proper decay length
/ , S distribution y(x) of secendary J/y
Fprompt = 0(x") @ R(x"— x) = R(x) ol from employed MC from non prompt
Fy(x) = 75(x") ® R(x)
- e
i ha
10 % ,o:ﬂ';M
oo b b by by by g | [ 11

| | | | | |
-1000 0 1000 2000 3000 4000 5000 6000 7000
pseudoproper decay length [um]
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Likelihood fit

After we extract inclusive J/ys signal, we can separate prompt and non-prompt J/i. As we discuss above , we use maximum

likelihood fit method. The fit procedure maximizes the logarithm of a likelihood function:

N
In{L} = 2 In{F(x', m’,_))
=1

FO M) = g Fgl) - Msg(mese) + (1 = fig) { Figg(0} Mygmese )

psproper_decay_length_distrib(2.4 <M < 3.6 GeV/c?)

its components

= — ‘ 2.4 < IVI(e e)<o.b (J'le\l/P‘%Brr]o::re_dsecay_leng;hé(g;y
where, § 4';" y2/dof = 0.712 Mean  -11.79
| s [ &3 Std Dev  890.3
N is J/y number g ‘ 3* mult range : 30 140
Fsis =g+ Fg + (1 = f3) * Fprompt ] ﬂ*‘ *ﬁh *
— / / _ 1C)§_ 'A k
Ferompe = 00) @ K= = Koo % | MWMW Hi W
Fi) = 1) © R A Y
101; m

-6000 -4000 -2000 0 2000 4000 6000
pseudoproper decay length [um]
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Likelihood fit

After we extract inclusive J/ys signal, we can separate prompt and non-prompt J/i. As we discuss above , we use maximum

likelihood fit method. The fit procedure maximizes the logarithm of a likelihood function:

N
In{L} = 2 In{F(x', m’,_))
=1

its components

F(x, me+e—) =fSig ' FSig(x) ' MSig(me+e—) (1 _fSig) ' FBkg(x) ' MBkg(me+e—)

- x10° histMass_copy e
) — Entries 2541571 ® B .
2 f Mean 2.957 2 " spe231sGevicd = 15382+-551 MUlt range : 30 - 40
% 6001— Std Dev  0.1703 5 - P i
g . g 10001 — Fsig = 0.224 +- 0.008 oT > 1.0 GeV/c
= B = — %?/dof = 1.994
] N ] B
500 1.0< p, < 15.0 GeV/c -
- 800 —
400{— B
_ 600 —
300[— i
- 400{— +
200(— - ,_
_ - |
n 200
100 — - / \ e —4-
- ' L_‘_‘_‘_J_‘_‘_‘__l; 0 _l | L1 [ L1 | | e 1
8.2 3.2 3.4 3.6 2.4 2.6 2.8 3 3.2 3.4 3.6
InvMass[GeV] InvMass[GeV]
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> — 3 = o 29<M(ee)<3.2GeVic:
- — fit, signal u — fit, a
S 800p- I y2ldof = 1.74 S — fit pomptdy \ #7/dof = 0.821
E’ Z I , Dackgroun _8 B —— fit, secondary J/y /
£ 700 T fit, all Fegl2.40 - 3.60] = 0.236 = 0.007 € 102 = fit, bkg Fo,(scaled)[2.92-3.16] = 0.528 + 0.0{16
L Z —
600 |— - RO — 0.153 = 0.018
500 mult range : 30/ - 40 .
- 10 = TN 8 +
B — S N @ *
— SN .
O e gt E i PONAT,
SRS aE AR - - N\
B S S SNKS S S S ,
— e ® ® S SN S NS ® ®
300 — N RN
- 1=ttt T O\ TRl telant |
200 — L= 0 XY | o
S SSSSSSNXSS SS S SANS
— - | X W PN
| YIS . DI Ve ’S,
I Y I I VIV Ve
100E i X e
- X TS
u 10_1 — S S NS SS S SSS SAS s / >\/h
O h ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] ] | ] ] ] ] | ] ] A |4 /I/ Y- A X ] ] s ] i K il | ]
2.4 2.6 2.8 3 3.2 3.4 3.6 ~3000 —2000 -1000 0 1000 2000 3000
sig sig bkg bkg InvMass[GeV] pseudoproper decay length [um]
F,=1n"F"%m)+f,° - F5(m)

N
We use the likelihood function in{} = ) In{F(x’

i=1

i
M-

Likelihood fit

)} to estimate the most “proper” parameters to describe the

fraction of components of prompt and non-prompt J/y PDFs, which can retrieve the f]‘gmcorre“ed factor from

measured inclusive J/y raw vyield.
Invariant Mass

Nov. 27 2021

__ St ' DK bk
F. =15 F"8x) + "% - F78(x)
psproper_decay_length_distrib(2.92 <M < 3.16 GeV/c?)

simultaneously fit projected on invariant mass and x distribution of J/y
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Results

As the raw measured reconstructed number of SPD tracklets convert to primary charged-particle multiplicity ,
we get the faeorrected ys (AN, /di)/{dN,,/dn)

L aCe e aaatey T i g ma g (N o)
3—m0-35§ Raw fraction of J/1— e +e’- (lyl < 0.9) g 4 10 0.393 £ 0.005
OSF = p_integrated event selected SPD - 11 20 1.227 £ 0.017
025 T inear - 21 30 2.109 + 0.031
O_Qé __________________ + _________________________ SRRSO O N _ 31 40 2.981 =+ 0.046
- ;o ! ' [ - 41 50 3.786  0.055
PELT LT | E 51 | 60 4.588 % 0.071
L — 61 70 5.373 £ 0.080
05 E 71 80 6.174 +0.102
- . 81 100 7.136 £0.110

et Lo
(dN_/dn )
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Results

As the raw measured reconstructed number of SPD tracklets convert to primary charged-particle multiplicity ,
we get the faeorrected ys (AN, /di)/{dN,,/dn)

g0.4:IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII: ’\O\SO"ll||||||||||IIII|IIII|I
§mo o ALICE, pp Vs =13 TeV E %; ALICE, pp \s = 7 TeV
- Raw fraction of J/y— eA+eA- (lyl < 0.9) - S 40 B
0.3 = 5
— =— p_integrated event selected SPD . _ccs lyl <0.9, PT(JhP) > 1.3 GeV/c
025~ T linear = - oL )
- __ -- n CE)
N + """"""""""""" R . 1" — =
— [ _
- o, | 2 | _
0.15— | il | " + . L — = Q
- __ = e SR T I o N I o S U O
0.1_ R R R 1 C
B _ _,C:D 10— H .
B u @)
0.05- — 9
B _ LL
O_I A RN N A T T T A R T T N N T T T N M TN (N SN M S N N N AN A N N A TE O o v v e e b [
0 1 2 3 chh/d# 5 6 7 0 1 2 3 4 5

(AN /dn) / (dN_/dn)

IKET L e : ..
(dNfdn) ™" The multiplicity dependence is not significant
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Summary & outlook

Summary

@Inclusive J/y has been reconstructed in multiplicity intervals via number of SPD tracklets.

eUncorrected fraction of non-prompt J/y has been retrieved via maximum likelihood fit method as a function of
multiplicity.

@ There is no significant dependence vs multiplicity (uncorrected fg), with non-negligible fluctuation, but with smaller

statistic uncertainty than the one @ 7 TeV

Outlook

@Acceptance and efficiency correction via the efficiency study and test from MC (expected no much high
dependence with multiplicity).
@Continue the systematic uncertainty analysis.

@Give non-prompt J/iy production measurement vs multiplicity.
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