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Motivation

22_IIII|IIII|IIII|IIIIIIIIIIIIIIII'IIIIIIIII
’

= ALICE Preliminary
= pp, \s=13TeV

+

Stronger than linear increase
observed

18- Inclusive J/w — e*e (Jy| < 0.9)
[ 10% normalization uncertainty

16 o paa 4 Models describe data well:
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8l = production, hard probes

F 4  unaffected

:E_ El . Use analogy
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o « EPOS3: Hydrodynamic

Preliminary ALICE results expansion reduced particle

* pp @ 13 TeV multiplicity

* Inclusive J/y at |y| < 0.9

« multiplicity at |[n| < 1.0 e PYTHIA
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Motivation
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Preliminary ALICE results
pp @ 13 TeV
 Inclusive J/Y at |y| < 0.9
« multiplicity at |[n] < 1.0
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Outline

Investigate effects of
« MultiParton Interactions (MPI)
« Colour Reconnection (CR)
« Auto-correlation

Technicalities:
PYTHIA8.230

« J/Y forced to decay in dielectron channel
* non-diffractive events
« No N_>0 normalization as in data
&7, TECHNISCHE
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PYTHIA

. * QCD inspired MC event

ME

'SR generator

FSR
M&M

MP! * Hard partonic interactions
o plus parton showers

Fragmentation

Decays * Soft particle production in
string fragmentation

e Crucial: MultiParton Interactions: MPI

« proton-proton collisions consist of several hard interactions
(with associated parton showers)

— possibility to produce several hard probes in one collision
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J/Y production in hadronic collisions

Non-prompt J/y:
b- B - Jy+X FONLL + B.R.

I Prompt J/y I

gg-QQ(CS, CO)- J/y NRQCD
gg—~QQ(CS, CO)~ .~ I
gg - QQ(CS, CO)~
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J/Y production in PYTHIA

Non-prompt J/y:
b-B-Jy+X FONLL + B.R.
b from hard interaction or gluon splitting

I Prompt J/y I

gg-QQ(CS, CO)- J/y NRQCD
99-QQ(CS, CO)~ x —~ W

gg - QQ(CS, CO) -
LO NRQCD processes implemented

Additional mechanism:

J/Y produced at hadronization (about 10%)
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Hadronization in PYTHIA

String fragmentation:

&

no heavy quarks
produced in pair creation!

« quark
» antiquark

o pair creation space

Special cases for short strings:

« Clusters decay: only one pair creations — two mesons produced
* Cluster collapse: no pair creation - initial quarks bound to hadron
- If cand ¢ —» charmonium produced
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J/Y vs number of MPI

PYTHIA 8.230, nondiffractive events, CR off

I T 1 | T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | I T 1
Inclusive J/y
—&— inclusive

1}
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dN,,, /dy
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®

16— g NRQCD

14— —H— cluster collapse

(o —%— non-prompt
........... linear

10—

Total J/y yield in 41t scales linearly with N,
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J/P vs multiplicity

PYTHIA 8.230, nondiffractive events, CR off

h\i20_IIII|IIII|IIII|IIII|IIII|IIII|IIII_
S5 gb Inclusive J/y (lyl<0.8) e
2 % 1 - —e— inclusive -
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12:_ —%— non-prompt =
E e linear -
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81—
6
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dN_/dy i
@N_jdyy <t

J/IY at mid-rapidity vs. multiplicity at mid-rapidity: stronger-than-liner increase
of non-prompt J/y — auto-correlation (will be investigated later)
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Colour Reconnection

Rearrangement of string topology in order to reduce total
string length

Two effects:
« partons from different MPIs get connected

« Total string length reduced —» total multiplicity reduced
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Colour reconnection

PYTHIA 8.230, nondiffractive events, CR off PYTHIA 8.230, nondiffractive events
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=|=°  —e— inclusive . %j %1 —e— inclusive .
R 16— —=— NRQCD - ~ 1 —=— NRQCD o~
C —&— cluster collapse . 1 —=— cluster collapse =
14:_ —~%— non-prompt = —=— non-prompt n
qof e linear i qof e _ 3
Eoooeee quadratic e » N SR quadratic .
10— . C R 10 —
C . > -
8 - —
61— =4 =g e E K —
= = =
2F - =
(] B £ "I".‘-K—\.—"I L1 | I I | | I T | | I I | ‘ L1 1| | I I | . 1 .
1 2 3 4 5 7 7
Nupr_ Nue
N N

MPT

« Normal J/ production: hard process, independent of strings
- not affected by CR

« J/Y from cluster collapse: with CR also ¢ and ¢ from different MPI can

combine — quadratic increase with N
e Overall fraction of total yield rises from ~2% to ~10%
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Colour reconnection

PYTHIA 8.230, nondiffractive events, CR off

n
(=]

Inclusive J/y (|y|<0.8)
—— inclusive
—#— NRQCD

{@N, 7dy)
®

dN,,,/dy

ury
o

14 —+H— cluster collapse

12 —%— non-prompt
----------- linear

10

@n_jayy i<t

dN,, /dy
@n, dy)

CR

PYTHIA 8.230, nondiffractive events

Inclusive J/y (|y|<0.8)
—e— inclusive
—#— NRQCD
—+H— cluster collapse
—%— non-prompt

|II\|III‘HI|IH‘III|H |II\|III‘\II

6
dNy/dy
(chh/dy)(M|< )

CR reduces charged particle multiplicity = slightly stronger
than linear increase of non-prompt J/y gets enhanced
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Transverse momentum bins

Non-prompt NRQCD Cluster collapse

PYTHIA 8.230, nondiffractive events PYTHIA 8.230, nondiffractive events PYTHIA 8.230, nondiffractive events
T L e e e e e e T T e S e e 20U u i gy
!2?3 1l Non-prompt J/y (|y|<0.8) = %31 1g[ Jw from NRQCD (y|<0.8) = %% 1gF_ Jw from cluster collapse (ly|<0.8) =
12; TZ; F—e— inclusive N %1 TZ; F —e— inclusive 1 3 5 F —e— inclusive B
T OF —— 8GeVic<p, 3 F —— 8Gevk<p, ] 185 —— gGevic<p, 3
14 —=— 4GeV/c<pT<8GeV/c - 14 —m— 4GeV/c<pT<BGeVIc 14 —=— 4GeV/c<pT<8GeV/c —
12i p; <4 GeVic = 12i p, <4 GeVic E 12i p, <4 GeVic =
oo linear B oo linear 7 E - linear E
10— =] 10— — 10; =
8- . - . 8 E
- e ER =R i
o Y 3 = 3 = =
F T 3 3 = 3 o . E
o i D N R B e i I I I I
05 1 2 3 7 Iy % 1 2 3 ) s % 3 ey
<4(dN:::dJJ:> ni<1) ﬁ(mm) @ <D
« Strong p, dependence for non-prompt J/{
« Some p. dependence for J/y from NRQCD
 No p, dependence for J/y from cluster collapse
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Auto-Correlation

Jet bias and additional decay

j/—o products (non-prompt J/y)

« Investigate multiplicity in
three ¢ regions

=T T
Av=3 "3 i inlici i
3 Toward Region ° « Investigate multiplicity at mid
and forward rapidity
Transverse Transverse
Region Region
« Should be best visible for
Ap = 2Z a2z simulation without MPI
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Situation without MPI

PYTHIA 8.230, nondiffractive events, MPI off

—

18— Inclusive J/y (|y|<0.8)

dN,,, /dy
@N,, /dy)

16 —&— inclusive

14 —&— NRQCD
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12
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----------- linear
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dNJdy
W(hﬂr: )

Without MPI:

* Prompt J/ production largely independent of multiplicity
* Non-prompt J/{: multiplicity dependence stronger than in full simulation
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Auto-correlation: sources

PYTHIA 8.230, inelastic events, MPI off
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Auto-correlation: sources

mid-multiplicity fwd-multiplicity

PYTHIA 8.230, inelastic events, MPI off
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Auto-correlation: non-prompt, p_ bins

mid-multiplicity fwd-multiplicity

PYTHIA 8.230, inelastic events, MPI off
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%% Auto-correlation

« Strong multiplicity dependence of non-prompt J/y without MPI
largely due to correlation with multiplicity in ¢ region around
the flight direction of the J/y or opposite to it

 n gap between J/y and multiplicity removes strong correlation
with towards-region multiplicity, but not with away-region
multiplicity

« Effect strongly p; dependent

— bias due to jet fragmentation, decay daughters
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b quark production process

« Hard processes: flavour creation, flavour excitation, ... : 65%
« Gluon (from hard process or ISR/ FSR) splitting into bb: 35%

« beam remnant: negligible at mid-rapidity

PYTHIA 8.230, nondiffractive events, MPI off

e} LI | T 7 ‘ LI | T 7 ‘ T 7 ‘ LI | T 7 ‘ L
Lo . _
> 12 B — Jivy .|
= Il 1
° —&— hard process

E 1 hard gluon

2 —+— ISR

E 0.8:7 ‘ —=— FSR

—&— beam remnant
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Auto-correlation: J/{ - B

mid-multiplicity fwd- multlpI|C|ty

PYTH A 8. 230 Inelastic events MPI off
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Toward region
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Auto-correlation: prompt, p.. bins

mid-multiplicity fwd-multiplicity
PYTHIA 8. 230 inelastic events MPI off
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Auto-correlation

Signature even clearer when only considering non-prompt J/yb
where b quark was produced in hard interaction

- yield almost independent of multiplicity in transverse region
of in towards region at different rapidity

Auto-correlation effect also seen for prompt J/yp, but starting at
higher p+
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Consequences for full simulation: n gap

PYTHIA 8.230, nondiffractive events PYTHIA 8.230, nondiffractive events

% % 20 : 1T T T ‘ T T T ‘ T T T ‘ T T T ‘ 1T T T ‘ 1T T T T T T : %\ ;h\. 20 : T 17T | T 1T T | T 1T T | T 1T T | T T | T T T 1T T :
R T =l Inclusive J/y (]y|<0.8) = T2 4gf Inclusive J/y (ly|<0.8) =
Z 5 F —e— inclusive ] Z 5 oF —e— inclusive 3
16:_ —*— 8GeVic<p, = 6: —*— 8GeVic<p, =
147 —%— 4GeVic<p_<8GeVic 3 14 —®— 4GeVic<p_<8GeV/c /‘ —
1oF- p, <4 GeVic = 120 p, <4 GeVic =
C eeeeeeeeees linear . Eoommeenees linear .
10— — » 10— -
8 = 8f- =
6 E of E
S e T = 4 -
C ¥, - = oA ]
2 —f‘f‘" = o - e =
Doi.ﬁ,_.. r-l‘ -‘l L 2‘ L :‘3 L 4‘ L g L é L :7 D[)]_:M L 2| L1 :|5 [ £|‘- L1 é L1 é R
Ny AN/9Y omy

<4(de’dJ’> mi<1) (dN_/dy)

* Increase of inclusive J/y still stronger than linear when
measured as a function of forward multiplicity

« Increase is p; dependent
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Consequences for full simulation: ¢ gap

PYTHIA 8.230, nondiffractive events PYTHIA 8.230, nondiffractive events

20I\I\l\l\I|IIII|IIII|IIII|IIIIIIII
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- —e— inclusive 3 33 16:— —e— inclusive E
16:— —_— BGEV/C<pT 3 = —A— SGEV:'CC.pT =
14 —®— 4GeVic<p_<8GeVic 3 14~ —®— 4 GeVic<p <8GeVfc B
12 p, <4 GeVic E 12l Py <4 GeVic E
e linear - cooTTTT linear .
10— Ny — P 10 -
g = 8
6 = S A
e A e T ] 4= : 7
- e e = C A ]
r A 4 £ . /‘_.m .
2 Wyerc SO 3 2 P —]
Di_ﬁ"" P \ A R N B R R S AT AT IR [)ih}a?ﬁﬂ/l/‘“I Lo b L e L L1 ]
o 1 2 3 4 5 6 7 0 ! 2 s N ° !
dN_/dy —— " _{In|<1, transverse region)
@n_jdyy <) @N_jdy)

(Slightly weaker than) linear increase of inclusive J/y when
measured as a function of multiplicity in transverse region

Increase independent of p;
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Consequences for full simulation: ¢ gap

PYTHIA 8.230, nondiffractive events PYTHIA 8.230, nondiffractive events

% ;}\‘ 20: T 17T | T T T | T 171 | T 171 | T 17T | T 17T L AL - % ;:_:‘ 20: T T 71 | T 1T T | 1T 1771 | T T 1 | T 11 | T 11 T T 1 :
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g 5 - —e— inclusive . %1 %ﬁ - —e— inclusive .
165 = NRQCD = T 8 = NRQCD =
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12E —%— non-prompt = 12i —<— non-prompt E
Eormeeee linear . E """"""" linear E
10; ? —p 10 7
o E 8- -
Y - g P e = o T e ]
Ne E = e =
e ; E 2f =
007 F 1| S | — é — ‘L 1 | S é L 77 0:- = -7--. 11 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 .
dN_/dy 0 1 3 * N 7d 7

o (nl<1) e/ dY )
(chh/d yy W{hﬂd , transverse region)

 Non-prompt J/y production most effected by restriction to
transverse region
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Summary

« Linear increase of J/y production with number of MPI
* |n Addition:

 Quadratic increase of cluster collapse component
 Charged particle reduction via colour reconnection

« Auto-correlation effects in non-prompt component

* Propose multiplicity measurement in transverse region:

e Remove auto-correlation

« Linear increase with multiplicity without p; dependence
expected

« Especially interesting for open heavy flavour measurements
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