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Physics motivation ALICE

Multiplicity dependence of quarkonium production in small systems
e Production mechanism

« Study the role of multiple parton interaction

« Interplay between soft and hard processes

i oM SAGRA RN RSN ABRARAERND ARG RS0 g ]

Linear increase: 22 B s-13Tev =
T T 18—_InclusiveJ/l//—>e+e’ (ly] < 0.9) =

o o . [ 10% normalization uncertaint =

« Multiple parton interaction e y 3
. . 14 :_ -------- Ferreiro et al. _E

Faster than linear increase: B | =
- PYTHIA 8 (Monash 2013) /,’ E

e Gluon saturation L5 et .
81— -

e Color reconnection of -
aF- =

o —

Hint of hot-medium at high multiplicity ? o==F—pgpggr e
dN/dn

(dN_/dn)
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The ALICE Detector %

Charged-particle multiplicity Quarkonia are studied at: ALICE
is measured using the number of Mid-rapidity: |y| < 0.9

SPD (the first two layers of the ITS) Forward rapidity: 2.5 <y <4
tracklets in |n| <1 ,

/ﬁentral barrel, [n| < 0.9
- -ITS:

- Tracking, vertexing, multiplicity
- TPC:

- Tracking, PID
- EMCal:

- High-p_ electrons

[
/N J
il ,.. l l 5

- Triggering
. -PID

Muon Spectrometer -4< n <-2.5 N
- Muon Tracker
- Muon Identifier (triggering)
- Open heavy flavours and quarkonia
- W/Z bosons
- Low mass resonances J
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J/y - ee” (ly|<0.9) o ‘pi

Smaller detectors
- VO, TO, ZDC...
- Event activity characterization




Multiplicity estimation
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ALICE
Correction for detector
inefficiency

e Data-driven method

> Equalize acceptancex
efficiency along the z-
vertex direction



Multiplicity estimation
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Correction for detector
inefficiency

e Data-driven method

> Equalize acceptancex
efficiency along the z-
vertex direction
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ALICE Performance
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Signal extraction

8 - -\-D'-|'--|-‘--'3--'-3|-'-|'-‘|'-‘|---_ 7000
= -~ e Data |  ALICE Preliminary 7] < -
> — oo | | — > -
> 1200— gy signal + bkg. pp {5 =13 TeV i §9002
= - — Fit bkg. | § 1 o800
Ao - lv| <0.9 el =

8 1000— (polynomial 4°) ; — 2 -
N - P, <4 GeV/c 1 2700F
@ - | = o
O 800 ‘ —| E600F
g T 3 1 8s00f
o 600~ 1 ] E
o 7+ - = ‘ ] 400;_
4007 - 300F
200 l<o.9 1 200F
J/y - e'e” | & 100F

ALICE

My (GeV/c?)

e Clear signal peak at both mid-rapidity and forward rapidity

ALICE Performance

pp \s =13 TeV
25<y<4

Y(1s): S/\S+B = 36.1

N T TR T T D T RN
2 22 24 26 28 3 32 34 36 38 4 06

« A combined fit is applied to disentangle signal and background
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. ALICE
A% .
N7
\N\ot Multiplicity ’\%
Mid-rapidity vs. forward rapidity
i ! L AL : S} : J/y - e'e” J/y - P
é 20 ALICE Preliminary [kl forward rapldlty | Mid-y Forward-y
S 18 pp, 15 = 13 TeV 1 e Faster than linear scaling with
5 L pdiincassess 1! ¥ multiplicity at mid-rapidity
Z% 14 x inclusive J/y — e*e’, |y | < 0.9 = 1 b
: L > w/o rapidity gap between
L 12: o Jy -, 25<y<4 + / P yg]? ..
10F i signal and multiplicity
8— Mid-rapidity * # ______ = estimator
oF . e e il 1 e« Linear increase at forward
4F e rapidity
2F __*—“"'.— e . 1
O ;ﬂ*"l’?’l L1 1 l L1 11 l L1 1 1 l L1 11 I L1 11 I L1 1 1 I L1 1 I:I 9 rapldlty gap
0 1 2 3 4 9 6 7 8
INEL>0 ) . .
dN,, / dn o Hint of auto-correlation bias
<chh / d7]> In|<1
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J/W production vs. event multiplicity




J/@ production vs. event multiplicity

ALICE
5.02TeV vs.13 TeV

Q 10—
g 9k ALICE Preliminary =
——  _} Inclusive Jiy - p*i, 2.5 <y <4 +
= (= 8_ Mult. classes: |n|<1 £
4 7_ = pp, s =13 TeV e 3
Z|€ 6F epp 15=5.02TeV :
~ 5F ko =
4F - NEW [
C m.-® ]
3 :_ "-/ i
2F R =

- o
1F e =
OF¢".I'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-

0 1 2 3 4 5 6 b 8
dNCh / d77 INEL>0

<chh [dm) 1<

* No colliding energy dependence
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Y production vs. eve

nt multiplicity

ALICE

L SRR S R e R R L S e e e e s e _
. - ALICE Preliminary ] g - ALICE Preliminary )
312; Y(1S) > u'uw,25<y <4 NEW 11— 12[ r(@S) > p'p,25<y <4 §
el i 10k Mult. classes: |n7|<1 il ? ? 10:_ Mult. classes: |n|<1 7
B2, 1 gl @ | :
2; 2;: 8:_ ® pp, \s=13TeV —: 2;: 2;: 8-_ ® pp, \s =13 TeV _
el oo 1
T ) D :
§ s : qvos) e R e
! W e = S EE I )
2' _____ @ B e B
: e i 2:_ P + i
O -.-r"’—_' ] ] PR PERiR) S ST T (O (S (R e E ] 0 -.1""—:_—; | P IS O T AR |
0 1 2 3 4 5 S 06 0 1 e 4 5
dN, /dn i dN,, / dn INEL>0
AN _ /7 dm Vg dN_ /dm) 1<

 First measurement of Y production vs. charged-particle multiplicity with

ALICE

e Similar trend between Y (1S) and Y (2S): linear increase with the charged-

particle multiplicity

Yanchun DING

CLHCP2018, Wuhan, China



Y(1S)/3/y and Y(2S) /Y(1S) vs. event multiplicity %

ALICE
? 3 L : : ) L I ! i I. I. I . g g E I ; ! 8 i I . 8 ) g I ; ! i . . O/\ 3 E 1 1 1 1 I 1 1 1 T I 1 1 1 1 I 1 Ll T T I T T T 1 I T 1 T T
- [ ALICE Preliminary ] o - ALICE Preliminary _
o5k YUS)Jy s 25<y <4 AL | T o5k ris)res) s pw25<y<4 PRI
2§ /Z\E’, - Mult. classes: [n|<1 [ Mult. classes: |n|<1 I
=& el ; - -
\a 5 ® pp,\s=13TeV ) [ 9 ppis- 15 leyV -
3 ¢ ’ I i
e R I -
B _Yas) o :
0: 1 ] ] ] 1 : 0: T L | |
0 1 2 3 4 9 y O6 0 1 2 3 4 5 6
dNCh / dn 2 dNCh / dn INEL>0
AN _ /dm Vg« dN_ /dm g

e The double ratios of Y(1S)/J/y and Y(2S)/Y(1S):
» The double ratio is found to be unity irrespective of charged-particle
multiplicity
» The multiplicity dependence production is the same within uncertainties
for J/y,Y(1S) and Y (2S)
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D mesons and muons from HF vs. event multiplicity

>‘ 220 i T T T T | T T T T | T T T T | T T T T I T T T T | T T T T | T T T I_
Pl Gk ALICE, pp, \s=7 TeV, JHEP 09 (2015) 148 -
SEdE e e ¥ i —
L - Average D°, D*, D" mesons, 2<p_<4 GeV/c, |y|<0.5 .

== s

16— —
CI2 L ALICE Preliminary, pp, \s=8 TeV =
14— put « HF, 2<pT<20 GeV/e, 2.5<y<4 ]
. :_ pp, \s=7 TeV: +6% -3% normalization unc. not shown _:
E 6% unc. on (chh/dn)/<chh/dn) not shown E
10 - B — Dfeed-down unc. not shown m =
8 :— pp, Vs=8 TeV: 3% normalization unc. not shown |E| —:
= 4% unc. on (dN, /dn)/{(dN h/dn) not shown de===i
o R 3
4 i R -
2= g --'__n_'-'.' ------- =]
0 Eﬂﬁr“l | | | | | | 1 1 1 l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 l:
0 1 2 3 4 5 6
dN_ /dn
(AN _ /dm)

ALICE

J}:?q
Multiplicity N
D mesons muons —P
Mid-y Forward-y

e Similar multiplicity dependence as J/y and Y at low multiplicity
e Stronger than linear increase at high multiplicity
 The increase appears slightly faster at mid-rapidity than at forward,

which is similar to what is observed in J/y
 Need to study the role of jet fragmentation in J/y production

Yanchun DING
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Conclusion

ALICE
ALICE has measured the correlation of quarkonia and open heavy-
flavours production with charged particles in pp collisions
Quarkonia:
e J/y:
» Faster than linear increase at high multiplicity and mid-rapidity
> Linear increase observed at forward rapidity PN 340 A0 ASARAAS A7 NAR N AR RAARE RAREE
. . . . 2_ OF ALICE Preliminary NEW
» Indication of auto-correlation bias i 18F pp, 15 = 13 TeV
> No colliding energy dependence g‘é bt i +
* Y: Linear increase observed at forward rapidity - g sl e t
e Y(1S)/3/ywand Y(2S)/Y(1S) ratios: oo Iy ¥ -
> Consistent with unity, for all multiplicities e ; ** T . 3
R 4 T i I
> No dependence on quarkonium state S
% :2345678
Open heavy flavours: T

« Enhancement at high multiplicity for both D-meson and muons from HF

Thank you
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Analysis strategy

)

corrected
Tracklets

% (N

raw
Tracklets

(N

—h
N

LiF) Pl e ] (Bonaai ey LS s i S s s o [P 10—1 | | | | | | | l_E
T @ i) ALICE Performance : ALICE Performance 13
= < N'rli‘;vcklets > pp’ iy i 10_2 PP, ‘S = 13Ty E
12 ¥ 1 10° 3
-.-'ﬂ raw ;
r '.,.-”" e * Nirackiets E
10 iy 1 10° N
9F 5 1 10°F  Minimum bias % k
3 Minimum bias "r;".,
8 [ i 1077 .'..3'.'... B
el Erdrirt rd i e e B e Ereraran ' ' ' ' il 1
Tmr ot ST 0 20 40 60 80 100 120N140 160
Zvertex (Cm) Tracklets
2) Tracklet-to-charged particle conversion
> Based on MC information
> Reproduce data well
iy = TN XS = EvalN dNyldn_<Ny>/An
< 2N <dN,/dn> <dN,/dn>
Yanchun DING CLHCP2018, Wuhan, China

ALICE
1) Data-driven method:
— Flatten <N_, (v )> distribution

h (v2) = Ny (v,) + Poisson(AN)

<Ntrk("{z])> — (Nuk (v2))
(Nurk (v2))

<N, (v °)>: reference value

AN = Ny (v;)

lIIIIIIIIIIIIIIIIIIIIIIIILIJIII
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ALICE Performance

PYTHIAS pp, \s=13TeV, |z, |<10cm_ "~ =~ . :

i
l:
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< 140

120 — Polynomial fit Sisiae

100
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Analysis strategy

 Data sample

> Minimum bias triggered events: baseline

> High multiplicity triggered events: J/@ = e ‘e "

ALICE

> Di-muon triggered events: J/@ =M ‘M-, Y= LU -

» Multiplicity estimators
> Mid-rapidity: 1.4 <|n| < 2.0

> Forward-rapidity: 2.8 <N <5.1,-3.7<nN<-1.7

e Observables:

> Relative charged-particle pseudo rapidity density:

<dN,/dn> _<Ny>/An _  f(Ng')/An

<dN/dn> _<chh/dn> - <dN ;,/ dM> ;.5

> Relative J/y or Y yield:
<dN/dy>, _<Ys> NiS NE\(’)IEBXSLBXE
<dNJ/dy> ~<Y>

tot i
NS NMB 8MB 8S

Yanchun DING

S: J/worY

‘g ‘03 E T |' T T Nl I L L I L | TorT | LI ] TTrTh ] LB |' L |' | IE
2 F ALICE Performance *  MB trigger 1
w - pp\s=13TeV u HM trigger .
i Inl<1.0 ]
107 = ; : ; -
o~  MB & HM [E
10° - =
10°E- .

5 I . P L AT A Y T

0 1 2 3 4 5 6 7 8 9
dN_/dn
(dN ch.-"d n
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ALICE
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Q I I I : | I I 5 I | I I I |
@ - ALICE Inclusive J/y—u*u’, Mult. classes: |n|<1 =
e [0 203<y__ <8353, |5y =5.02TeV (PLB 776 (2018) 91) i
i gl 446<y,  <-2.96 sy =502TeV (PLB 776 (2018) 91) ]
= = -e 203<y_ <353 \s,=816 TeV (preliminary) 2
3, § -® 446<y_ <-2.96, |8, =8.16 TeV (preliminary) il -
Z | i ol
= hin 5
41— O iy =

L - + 1% normalisation unc. not shown at 8.16 TeV |
E # * 3.1% normalisation unc. not shown at 5.02 TeV |

,’_ﬁ*l | | | | | | l | | | |
% 2 4 e
dN,, / dn

(dN_ 7dn

Inl<1

* Independent of colliding energy
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Y production vs. multiplicity

Y(1S)XY(1S))
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Linear behavior measured for forward E_
(with y-gap)
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Y(1S)KY(1S)
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Qualitatively similar to what we
observe for J/P and D mesons in
similar rapidity region

(without y-gap)
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INEL=0

NT(2S) / <NT(28)>

Y excited to ground state ratio

ALICE: with y-gap

CMS: without y-gap

JHEP 04 (2014) 103

ALICE

CMS: with y-gap
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