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A Large lon Collider Experiment
/

Motivation ALICE

Recently, striking similarities between Pb-Pb and pp collisions have been observed in the
soft-QCD sector. Two examples of the similarities are:

« p.-differential baryon-to-meson ratios Pb Ph Pb
— In Pb-Pb, understood as an effect PP P Jee i, ¢
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of coalescence or radial flow WS ~ O

— But also present in pp. Does that
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A Large lon Collider Experiment

Motivation

Recently, striking similarities between Pb-Pb and pp collisions have been observed in the

soft-QCD sector. Two examples of the sim
« p.-differential baryon-to-meson ratios

— In Pb-Pb, understood as an effect
of coalescence or radial flow

— But also present in pp. Does that
mean that Pb-Pb is just an
extension of pp? Or vice versa?

— Not necessarily: the push can be

(p+P)/ (" + x)

explained by certain QCD-like

effects, e.g. color reconnection.

ilarities are:

PP
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PP
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(VOM Multiplicity Classes)
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A Large lon Collider Experiment

Motivation
Recently, striking similarities between Pb-Pb and pp collisions have been observed in the

soft-QCD sector. Two examples of the similarities are:

« p,-differential baryon-to-meson ratios 2 L IK:;: -
— In Pb-Pb, understood as an effect 'g_
of coalescence or radial flow _,9 — ) T |
~ But also present in pp. Does that 2 i __ L) Kh o |
mean that Pb-Pb is just an § 10 @ . P o A
extension of pp? Or vice versa? I f /:‘““’ ]
— Not necessarily: the push can be i e
explained by certain QCD-like i Bown?
effects, e.g. color reconnection. [ / ALICE Prefiminary |
» (Strange) particle production ol Y% Pp \s=7TeV |
~ Similar particle yields at 10 / PE:EE E:Z:g I:z
comparable multiplicities, different T T
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A Large lon Collider Experiment

Motivation
Recently, striking similarities between Pb-Pb and pp collisions have been observed in the

soft-QCD sector. Two examples of the similarities are:
« p.-differential baryon-to-meson ratios

— In Pb-Pb, understood as an effect z - AIUCEI - | o
of coalescence or radial flow S_;RUZJ o _ @®pp, s i TeV Eﬂj%

— But also present in pp. Does that g - OPPD, |8y =502 TeV EHD n
mean that Pb-Pb is just an g Eﬁd
extension of pp? Or vice versa? =

— Not necessarily: the push can be é

explained by certain QCD-like
effects, e.g. color reconnection.
» (Strange) particle production
— Similar particle yields at

comparable multiplicities, different

colliding systems
- Enhanced production of strange
(dN_/d n)l <05

Nat. Phys. 13 (2017) 535-539
hadrons
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A Large lon Collider Experiment

The ALICE Detector

\

ALICE
Multiplicity estimation:

VOM — two arrays of plastic scintillators
measuring multiplicities at forward rapidities:

ol P ot VOM =VOA (2.8 <n<5.1) +VOC (-3.7<n<-1.7)
R 10 S == L L L L LA
— ALICE Preliminary - pp \s =13 TeV
2 10 . 0
> NI
10 o s s " ey
7DC 9) N S
S —_ 1 ;~‘~\::-f—::
_— R NS
B0 A I
= 1 0_3 ) *&* g::?s:s.
-A-za_ =
‘G 10 R
> - - - Lévy-Tsallis fit e
= 10°
—~ VOM multiplicity event classes
e ) i T 10 -2 - (x2)
Excellent PID capabilities in a wide p. range using: B - R o
—+— VIl (x 2 —— VIl (x 23)
. -8 —=— X —A—
* Inner Tracking System (ITS) J - S L
« also: trigger, tracking, vertex 7 mana ——
: L z ——— ——
« Time Projection Chamber (TPC) E S——
« also: tracking - e ——t—__ |
, : 8 10 12
« Time-Of-Flight p. (GeV/c)
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A Large lon Collider Experiment

|dentified particle spectra and ratios ALICE

Comprehensive set of light-flavoured hadrons has been measured as a function of multiplicity in
pp collisions at different center-of-mass energies

— Vs effects on particle production can be isolated from the multiplicity dependence

—
o
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A Large lon Collider Experiment

|dentified particle spectra and ratios

Comprehensive set of light-flavoured hadrons has been measured as a function of multiplicity in
pp collisions at different center-of-mass energies

— Vs effects on particle production can be isolated from the multiplicity dependence
— K/1t: no significant
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A Large lon Collider Experiment

|dentified particle spectra and ratios

Comprehensive set of light-flavoured hadrons has been measured as a function of multiplicity in
pp collisions at different center-of-mass energies

— Vs effects on particle production can be isolated from the multiplicity dependence
— K/1t: no significant
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A Large lon Collider Experiment

|dentified particle spectra and ratios

Comprehensive set of light-flavoured hadrons has been measured as a function of multiplicity in

pp collisions at different center-of-mass energies

ALICE

— Vs effects on particle production can be isolated from the multiplicity dependence

— K/1t: no significant B T T T T 1
X [ ALICE Preliminary T
modifications of the ratio 0.41— T & H"'HMH EH 4 H HE =
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A Large lon Collider Experiment

Blast-Wave model fits ALICE

Multiplicity dependence of p_-differential B/M ratios in Pb-Pb collisions can be
explained by radial flow. In a simple way, this can be studied by the Blast-Wave model:
— Thermal production of particles

at T+ boost of particles in the

transverse direction by a common

velocity field 3,
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A Large lon Collider Experiment

Blast-Wave model fits

Multiplicity dependence of p_-differential B/M ratios in Pb-Pb collisions can be

explained by radial flow. In a simple way, this can be studied by the Blast-Wave model:

— Thermal production of particles
at T+ boost of particles in the
transverse direction by a common
velocity field 3,

— Fit the model to the data

— In restricted ranges, spectra are

described well
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A Large lon Collider Experiment

Blast-Wave model fits ALICE

Multiplicity dependence of p_-differential B/M ratios in Pb-Pb collisions can be

explained by radial flow. In a simple way, this can be studied by the Blast-Wave model:
— Thermal production of particles

at T+ boost of particles in the ~ 02— 7T —T—— 77 7T

> _ .
(1)) - _
transverse direction by a common @ 0.181~ . =D M&& E
£ — % 1
velocity field 3. = 0.16¢ % %%%% -
_ 0.14F —
— Fit the model to the data 010 ® W N ]
— In restricted ranges, spectra are F ® N .
_ 0.1 Global Blast-Wave fit range: %% ]
described well - 71(0.5-1.0 GeV/c), K (0.2-1.5 GeV/c), p (0.3-3.0 GeV/c) ]
_ , 0.08 - 4+ ALICE Preliminary, pp, \s = 7 TeV =
T... larger at higher energies - =
0.06 , ALICE, p-Pb, |s,, = 5.02 TeV .
0.04F m ALICE, Pb-Pb, |s,, = 2.76 TeV E
0.02F- e ALICE Preliminary, pp, \s = 13 TeV E

u 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1

%

0.1 0.2 0.3 0.4 0.5 0.6 0.7
B,

CSCS2018 | Wuhan | 2018-06-15 | Vytautas Vislavicius 14



A Large lon Collider Experiment

Blast-Wave model fits

ALICE

Multiplicity dependence of p_-differential B/M ratios in Pb-Pb collisions can be

explained by radial flow. In a simple way, this can be studied by the Blast-Wave model:

— Thermal production of particles
at T+ boost of particles in the
transverse direction by a common
velocity field 3,

— Fit the model to the data

— In restricted ranges, spectra are

described well

T... larger at higher energies
«B,>: in pp collisions, similar at
comparable <«dN_/dnp, larger than

in Pb-Pb at similar multiplicities

—_

>
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S
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L R
0.14F ® S =
0.12]- * LIS 3
0.1— Global Blast-Wave fit range: ® %% —
— 7w (0.5-1.0 GeV/c), K (0.2-1.5 GeV/c), p (0.3-3.0 GeV/c) .
0.08 - 4+ ALICE Preliminary, pp, \s = 7 TeV =
0.06F , ALICE, p-Pb, |5, =5.02 TeV =
0.04F m ALICE, Pb-Pb, |s,, = 2.76 TeV E
0.02F- e ALICE Preliminary, pp, \s = 13 TeV E
%01 02 03 04 05 06 07
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A Large lon Collider Experiment

Integrated particle yields

i i . > L L
Integrated particle yields: T | ALICE Preliminary :
— Similar at different Vs if comparable multiplicities % [ PP i
_ - m | pp,\s=13TeV r
are considered 1.5+ s
= ® |pp,\s=7TeV H .
I Fit to 13 TeV data ]
1= BEI —]
Z g,,«—ﬂ :
I ,Bﬁ” ]
Y Dashed line shows -
[ & linear fit, NOT MC |
+— 0 —t—t—t—f——+—+—+— -
iC 1.2 ' | —
T L i
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0 10 20
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Integrated particle yields ALICE

Integrated particle yields:
— Similar at different Vs if comparable multiplicities

are considered

T T T I T T T T l T T T T l T T T T I T T T T l T T T

> 18 KO ALICE Preliminary ]
. = C _
MC predictions: < 1.6F S -
_ ke C Iyl<05 -
« Strange hadrons are well described 1.4 Monte Carlo models (Vs = 13 TeV): 2 —
- — — PYTHIAG Perugia 2011 _
by PYTHIA8 and EPOS LHC 1.2 ... PYTHIA8 Monash 2013 —
1: — EPOS-LHC a
0.8 f_ —}— stat. —f
C [ Isyst. .
0.6 :_ []syst. uncorr. =
0.4 —
- pp, mult. dependent (VOM):
0.2 .- —4—\s=7TeV —
- ——Vs=13TeV .
O [ S— 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 .
S} 10 15 20 25
<chh/d m I7|<0.5
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Integrated particle yields

Integrated particle yields:

— Similar at different Vs if comparable multiplicities

are considered
MC predictions:
« Strange hadrons are well described

by PYTHIA8 and EPOS LHC

» But neither one describes the evolution

of hyperons

What about particle ratios?

~ 0.02
>
D 0.018
=
T0.016
0.014
0.012
0.01
0.008
0.006
0.004
0.002
0

ALICE
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A Large lon Collider Experiment

Integrated particle yield ratios in MC

PYTHIAS: =
— Particle production via string fragmentation t:
— No evolution with multiplicity ;0’10_1
)
EPOS LHC: 2
— Collective hadronization, collective flow >
— Enhanced rates of strangeness production, o
larger than observed in the data E

DIPSY:
— Rope hadronization

— Enhanced rates of strangeness production,
comparable with the data

1072

ALICE

® pp,\s=7TeV
¢ p-Pb, s =5.02TeV |
O Pb-Pb, \s\y=2.76 TeV

T
.'i:_j
.
e,
%
‘e, Ve
e, e
v,

. — PYTHIAS 1

10_3; L IIIIII| 1 1 \I\Illl L 1 \\Illll ]
10 10? 10°
(dN_ /dn)

Inl< 0.5

Nat. Phys. 13 (2017) 535-539
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AR

Integrated particle yield ratios in MC ALTCE

PYTHIAS:
— Particle production via string fragmentation
— No evolution with multiplicity

T T T TTTT T IIIIIIIl T IIIIIIIl

—
<

EPOS LHC:
— Collective hadronization, collective flow
— Enhanced rates of strangeness production,
larger than observed in the data

Ratio of yields to (n*+m)

DIPSY:
— Rope hadronization
— Enhanced rates of strangeness production,

. —2 | _ o+ —
comparable with the data 1070 R +07(x16)
c_) 045 C T T T L T T ] | é'ﬂ {E |
"&S' E ALICE —— PYTHIA8 E L ’.' |
= 0.4-@ ppis=7TeV e DIPSY 3 I <ﬂ> i ]
= C ) pPb,\sy=502TeV EPOSLHC 1 I ALICE |
3 0.35F - ® pp, Vs=7TeV
QT E ] . F O p-Pb,\sy=502TeV |
g 0.3F i i i@ii@ i@(imiﬂi; 1 Pb-Pb, |s, = 2.76 TeV
= s . | . LS — PYTHIAS i
S025y .. E B e « | Butropesenhance '/ . DIPSY
= _gZ e 4\ all baryons! S EPOS LHC
ﬁ“‘ ---------- :
015;. ............................................ _: 10_377<_|TI_/| Ll Lol ]
=V W . 10 10° 10°
01 ; llllllllllllllllllllll /T (x2) —: <dNCh/d 17>|77|< 0.5
005 — ] Az_p_“(/ Nat. Phys. 13 (2017) 535-539
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A Large lon Collider Experiment

Integrated particle yield ratios in SHM

« Statistical (Thermal) model:
— In equilibrium statistical-thermal models,
strangeness enhancement is a result of
the suppression of strange hadron
production in small systems due to the

local strangeness conservation

L

HM

(h/)/(h/x)

=y
T T T

HML

H

iy
(3,

(h/m)/(h/x)

(h/x)/(h/m)

0.5

e
(3]

-
T T

ALICE
R (fm)

R (fm
2 3 asergi "

R (fm
2 3456781(§ )

[x]

2 3 4567810
T T IIIIIII

sl

|

10
V.V., A. Kalweit, arXiv:1610.03001 [nucl-ex]

panl PR
10?

dN,/dy

AT I
10°

10

10? 10°

dN_/dy

) 10 --'1“02- "'--1“03
dN,/dy

= ppis=7TeV
"  p-Pb \s,, =5.02 TeV
*  Pb-Pb sy, =2.76 TeV
—— Thermus v3.
T = 146-166 MeV
R=R;
k=1.35+0.28
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A Large lon Collider Experiment

Integrated particle yield ratios in SHM

 Statistical (Thermal) model:
— In equilibrium statistical-thermal models,
strangeness enhancement is a result of
the suppression of strange hadron
production in small systems due to the

local strangeness conservation

» Core-Corona: similar predictions

HML

(h/m)/(h/x)

HML

(h/z)/(h/m)

HML

—
(3]

(h/m)/(h/x)

'y
(3]

-
ST T T T T

o
3

0 1 100 10
dN,/dy

V.V., A. Kalweit, arXiv:1610.03001 [nuc

[-ex]

| L
102

10°
dN,/dy

ALICE

Rgm) Rgm) R (fm)

2 3 456781 2 3 456781 2 3 4567810

- K 1= 16

.-."""'. - u

| vl
102 10°
dN_/dy

= ppVs=7TeV

= p-Pb \(s_NN =5.02 TeV
*  Pb-Pb s, =2.76 TeV
Thermus v3.

T = 146-166 MeV
R=R;

k=1.35 +0.28

----- Core-Corona
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Integrated particle yield ratios in SHM

R (fm) R (fm) R (fm)
- 2 3456781 2 8 456781 2 3 4567810
 Statistical (Thermal) model: ] — |

HML

- K

(=]

— In equilibrium statistical-thermal models,

(h/m)/(h/m)

-
ST T T T T

strangeness enhancement is a result of

L :‘\ g A <3
the suppression of strange hadron : K e
production in small systems due to the > ]
local strangeness conservation : | | | i | I dN:,fg’y

(h/z)/(h/m)
e
©
I
o)

= ppVs=7TeV

= p-Pb \(s_NN =5.02 TeV
*  Pb-Pb s, =2.76 TeV
Thermus v3.

T = 146-166 MeV
R=R;

k=1.35 +0.28

----- Core-Corona

» Core-Corona: similar predictions

o
a
—— T
|
T

— Model describes the data well for most

HML

particles, over-predicts for ¢ meson

(h/m)/(hi)

Y BT B T BT B
10 102 10 10 102 10°
dN_/dy dN,/dy
V.V., A. Kalweit, arXiv:1610.03001 [nucl-ex]
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What happens to ¢7? ALICE

¢ meson production

o ni

« String breaking: 2 strange quarks, need

two string breakings to produce

L L

— double-suppressed

& X
o
Tml

» Thermal production: overall strangeness

o <

S =0, so should not be suppressed
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What happens to ¢7?

¢ meson production

two string breakings to produce

— double-suppressed

S =0, so should not be suppressed

« String breaking: 2 strange quarks, need

» Thermal production: overall strangeness

| ALICE Preliminary |
3015 ppys=13Tev, )y| <05
e
i + J&o‘ ? ﬂ 5 i e —
0.1F

— stat.
[_Isys.

0.05+ [Juncorr. sys. _|

° ¢/Kg, VOM Multiplicity Event Classes |

| O ¢/ (K, INEL |

0 1 1 1 1 | 1 1 | 1 L |
0 10 20 30

<chh/ d 77>|n| <0.5

¢/K ratio:

ALICE

— Flat (S(¢) = S(K)) or increasing (S(¢) > S(K))?
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What happens to ¢7? ALICE

¢ meson production ¢/K ratio: _ _
_ _ — Flat (S(¢) = S(K)) or increasing (S(¢) > S(K))?
« String breaking: 2 strange quarks, need

two string breakings to produce =/¢ ratio: _ _
— Flat (S(=) = S(¢)) or increasing (S(=) > S(9))?
— double-suppressed

« Thermal production: overall strangeness Overall: ¢ strangeness between 1 and 2?
Or do we measure both thermally (0) and
S =0, so should not be suppressed string-produced (2) ¢?

ALICE Preliminary

= n i | ALICE Preliminary
6-0'15 | ppVs=13TeV,|y| <05

<
& 08

R “&;..%::J-'+'TIHXHH%”I

~+ stat. _ 04F Ez;as‘ i

%sys. 1 | '."' [CJuncorr. sys.
0.05- uncorr. sys. _| . |
0ok pp Vs =13 TeV 1

° q)/Kg, VOM Multiplicity Event Classes i 0 p—Pb V SNN = 5.02 TeV
_ O (K", INEL _ ﬁ = Pb-Pb s, =5.02 TeV |
| | | | | | 1 | | | | | | | | || | | 11 ||||‘ | | L1 ||||| | | 111 |||| |
%o 10 20 30 s 10 102 10°

<chh/d 77>|17| <0.5 <chh/d 77>|77| <0.5
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A Large lon Collider Experiment

Mean transverse momenta

Hadrochemistry is dominantly driven by multiplicity. Does that suggest
that the collision system does not matter?

CSCS2018 | Wuhan | 2018-06-15 | Vytautas Vislavicius 27



A Large lon Collider Experiment

Mean transverse momenta

Hadrochemistry is dominantly driven by multiplicity. Does that suggest
that the collision system does not matter?

Not necessarily. Look into <p_>

T T T T T

Different colliding systems - different underlying
processes:

— 0.8
— Soft particle production (Pb-Pb) :
— Hard processes (pp) 0.75¢
0.7
0.65
06 &
0.55 g eppis=7TeV
058 = p-Pb s, =5.02TeV ]
: 4 Pb-Pb|s,, =276TeV
o45-—— 1L v 1 1 1 L]
0 20 40 60 80 100
Nch

Phys. Lett. B 727 (2013) 371-380
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Mean transverse momenta ALICE

Hadrochemistry is dominantly driven by multiplicity. Does that suggest

that the collision system does not matter? S T 1
: : > | Dashed line shows .

Not necessarily. Look into @ :
Y P S L a-bic-dN,/dp)fi, _
Different colliding systems - different underlying 8-'_ - NOT MC .
processes: i |
. . J&' ------- .l:.:l ----------- o
- Soft particle production (Pb-Pb) 0.5 ’J"‘.-rl o e prefiminary |
Hard processes (pp) e T ~
Moreover: at larger Vs, we measure larger «p_> i = |pp, is=13TeV 1
i ® |pp,\s=7TeV ]
I Fit to 13 TeV data |
Y T A R
11 —
8t : -

(40
1 g W —
S e EdS § s .
0.9— =
0 10 20

(dN _/dm)
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A Large lon Collider Experiment

Mean transverse momenta

Hadrochemistry is dominantly driven by multiplicity. Does that suggest

that the collision system does not matter?

Not necessarily. Look into <p_>

Different colliding systems - different underlying
processes:

— Soft particle production (Pb-Pb)
— Hard processes (pp)

Moreover: at larger Vs, we measure larger p_>
— also seen in spectral ratios

Charged particle multiplicity drives hadrochemistry,
not the dynamics

- Can we select pp collisions with
enhanced soft particle production?

Yield ratio to 2.76 TeV

10

IIIIII| | IIIIII|

ALICE

ALICE, pp INEL, |y| < 0.5 T+ T
- \S =2.76 TeV (pPLB 736 (2014) 196-207) N
| * \S= 5.02 TeV (preliminary) ]
- = \s =7 TeV (PLB 760 (2016) 720) -
" ¢ \s =13 TeV (Preliminary) *+++ I

1 10

P, (GeV/c)
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Transverse spherocity ALICE
» Different underlying QCD processes result in Z = Sh 2
different final state particle distributions 72 — Dr A0
S =—min|—

T4 Z Pri
 Hard QCD: e.g. dijets, i
toward/away regions

S, — 0, “jetty” event

|

g 6 S s
® 55F ALICE Simulation ppis=7TeV 3
. Ao = E PYTHIA 8.212 (Monash 2013) An| <0.8, N, >15 3
_SOft QCD aZ_ImUtha”y ] Z_ 5 Spherocity classes h =
ISOtI‘OpIC par“CIe dIS'[I‘IbutIOI’], % 45 E_ |(I\/lloreotgan tvg%%hsage\(}/p?rticles _E
enhanced underlying activity = e soeo%
S, — 1, “isotropic” event ° B ) T TR s -
> 35 — 30-40% — - 80-90% —
i~ - 40-50% — - 90-100% 3
T3k e
25F =
= =
=) Can we select pp collisions with s 3
enhanced soft particle production? E 3

—1
Yes we can! 49 (rad)
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o> as a function of S

ALICE

« Jetty collisions: harder spectra, more “pp”-like

* Isotropic collisions: softer spectra, more “Pb-Pb”-like

How does this compare to MC predictions?

(p.) (GeV/c)

1.2

1.1

0.9

0.8

©
N

o
o

o
o

©
~

ALICE Preliminary, pp, \s = 13 TeV
h*+h, 0.16 < p, <10 GeV/e, |n| < 0.8

Spherocity class
= 0-100%

e 0-10%

v 90-100%

40 50 60 70 80
N ch

10

O
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o> as a function of S

« Jetty collisions: harder spectra, more “pp”-like

* Isotropic collisions: softer spectra, more “Pb-Pb”-like

How does this compare to MC predictions?

Unbiased collisions:

— Evolution of <p_> well reproduced

by MC models

|_

(p.) (GeV/c)

1.2

1.1

1

0.9

0.8

0.7

0.6

©
o

©
~

ALICE
:l LI I LI L I LI I I LI L L) I LI L L) I LI L) I LI L) I LELEL I:
- ALICE Preliminary, pp, 1s = 13 TeV =
- h'+h,0.16 < p. <10 GeV/e, |n| < 0.8 ]
- 0-100% spherocity class -
- [ Data 3
- ol 00 e EPOS LHC .
— — — PYTHIA8 (Monash 2013) —
= PYTHIA6 (Perugia 2011)
-l L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I_
0 10 20 30 40 50 60 70 80
Nch
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o> as a function of S

Jetty collisions: harder spectra, more “pp”-like

ALICE

* Isotropic collisions: softer spectra, more “Pb-Pb”-like

How does this compare to MC predictions?

+ Unbiased collisions: S
— Evolution of «p_> well reproduced §,
by MC models Y

 Isotropic collisions:

— MC predictions consistent with the data,
some tension with EPOS LHC at low N

1.2

1.1

1

0.9

0.8

0.7

0.6

©
o

o
~
O

T

2 PYTHIA6 (Perugia 2011)

.
L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ALICE Preliminary, pp, \s = 13 TeV
h*+h, 0.16 < p. <10 GeV/e, |n| < 0.8

’I“Ill"illlllllllllll

et

90-100% spherocity class
n Data

--------- EPOS LHC

— — PYTHIA8 (Monash 2013)

10 20 30 40 50 60 70 80
N ch
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<p,> as a function of S ALICE

« Jetty collisions: harder spectra, more “pp”-like
* Isotropic collisions: softer spectra, more “Pb-Pb”-like
How does this compare to MC predictions?

. . . /G 12 _l LI I LI L I LI I I LI L L) I LI L L) I LI L) I LI L) I 1 Il :j_
» Unbiased collisions: 3 - . =
o 11E A+LIC_E Preliminary, pp, \s = 13 TeV Nt V-
— Evolution of «p_> well reproduced S) E h+h,0.16<p <10GeVic, [y <08 -~ " /3
by MC models ~ F T~ o~ = il
- Isotropic collisions: 09 i eSS E
— MC predictions consistent with the data, 0.8 / --------- =
some tension with EPOS LHC atlow N, 0.7F /_ —
- :'.. :
« Jetty collisions: 0.6 " 0-10% spherocity class =
— Tension with EPOS LHC at low N, 0.5 _ Ef}?&,kg'%onash 2013) =
- PYTHIA6 gPerugia 2011) 3
— PYTHIA8 Overestlmates the (pT) 04 Covv v vy v by v v byvv v s by v v by v by v g v by va 07

0 10 20 30 40 50 60 70 80
- “Too little” of underlying event? Nen
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1/Ney 1/(2mp_) d®N/(dydp_) (GeV/c)?

Ratio to VOM I-1II

A Large lon Collider Experiment

Identified particle spectra as a function of S|

Softer in isotropic

Harder in jetty

=ML N LA B LA L LR
N ALICE Preliminary7
. pp, \s=13TeV ]
B = T+ |
1E = 3
= 3 2 ]
C C ] i
_ %;t i
L E:l: 4
e
107 iy E
I s VOM mult. class I-lll ee8 ]
o Jetty (S5,<0.47)
102 o :zsol'froplc (Sq >0.76) =
t ] Full syst ]
C Uncorr syst EE%
I I I I I I I I I I I I I I I I I I I I I I I I I I
1.2+ 0\0\0\0\0.‘. e
1 ees (R
e00®
0.8 et |
11 1 1 | 1111 I L1 11 I L1 11 | L1 11 | L1 1 1
0 0.5 1 1.5 2 2.5 3
P, (GeV/c)

ALICE

Crossing point shifter to larger p, values for heavier particles

- effect is mass-dependent (c.f. flow)

o B LU B LA I B
) C ALICE Preliminary]
E i % pp, \s=13TeV ]
= | ® K'+K ]
Q 101k 2
= 107°F =
> C ,
=) C ]
= | ]
[aV]
© L i
En—

B 102 —
N - ]
= C = VOMmult. class I-lll - [ ]

> - e Jetty (S, <0.47) .
2‘” - e Isotroplc (Sy>0.76) .
< L 1 Full syst.
T Uncorr. syst

v b e e b

= LI I LI I LI I LI L L I LI
= 12k Wo\owo\o\m.‘.‘.‘.‘.‘ .
2 [ ] e [ ]
S 1 'Q .
> ....
O 08k “™mpmpcset®" _
o L1 11 I L1 11 I 111 1 I 111 1 I L1 1 1 I L1 1 1
= 0 0.5 1 15 2 2.5 3
oc P, (GeV/c)
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Ratio to VOM I-llI

[rrrrfrrrrrrrrprrrrrt
ALICE Preliminary
10—1__ Pp, \§= 13 TeV —
- P+P
: 2 ]
el
L shs i
00|
LI )|
102 % -
Z i
C == ]
- = VOM mult. class I-1lI % .
- e Jetty (S, <0.47)
o Isotroplc (So >0.76) HH
~ 3 Full syst. ==
Uncorr. syst
e b e e b e
LI I LU I LI I L L I LI I T
1.2+ W.\o o0 .m.‘.‘.‘ o
® i ele
1 Jee
0.8f B : |
L1 11 I L1 11 I L1 1 1 I 111 1 I L1 1 1 I L1 1 1
0 0.5 1 1.5 2 2.5 3
P, (GeV/c)
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Identified particle spectra ratios as a function of S

|sotropic
K/tt: no (significant) modifications
p/mt: boosted towards higher p.

K/mt

Ratio to VOM I-1lI

L L L DL L B B B LN
0.4 — ALICE Preliminary
[ pp\s=13TeV
0.3
0.2 —
- m VOM mult. class I-lll 4
i e Jetty (5,<0.47) ’
0.1 ® Isotropic (S, >0.76) _
e [ ]Full syst. -
i Uncorr. syst. i
_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I_
LI | LI | L | LI | LI | L
1.1 7]
o *
] — 000009%, " 0.0.% ¢
0ol %......... ® 0o 0 ¢ ¢_
1 1 1 1 | 11 1 1 | 1 11 1 | 1 1 1 1 | 11 1 1 | 1 11 1
0 0.5 1 1.5 2 2.5 3
P, (GeV/c)

Jetty
« K/m: slightly shifted towards higher p.

p/t: shifted towards higher p_

33
~
o

Ratio to VOM I-llI

L L L B T T
0.4 [~ ALICE Preliminary -
| pp \s=13TeV ]
0.3F o] o]
L p ° et =
i 2o o] 012 0[]
0.2 Boiel® —
i m VOM mult. class I-lll ]
0.1+ o Jetty (S,<047) ]
B e Isotropic (S, > 0.76)
i (] Full syst. ]
L Uncorr. syst. i
T LA 2 2 o o o o o
1.1k ¢ &
1_.
> | | | | LY o
0 0.5 1 1.5 2 2.5 3
P, (GeV/c)
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Ratio to VOM I-lI|

Uncorr. syst.

----PYTHIA 8 Monash 2013
— EPOS LHC

Identified particle spectra ratios as a function of S ALICE
K/T[ E i L LN L L '_
. . < 0.4} ALICE Preliminary o
» PYTHIAS8 underestimates the absolute - , % un an =i 2

[ pp \s=13TeV s

values of the ratios, but double-ratios are i .
consistent within systematic uncertainties 0.3~ P e =

« EPOS LHC predicts the absolute values of i i
the ratios and the double-ratios well 0ok a
Sl , m VOM mult. class I-11I |

- o Jetty (S, < 0.47) |

- ® |sotropic (S, > 0.76) .

0 1'_ [_JFull syst. 7

0.5 1 15 2 25 3
[N (GeV/c)
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Identified particle spectra ratios as a function of S

K/Tt:

« EPOS LHC predicts the absolute values of

PYTHIA8 underestimates the absolute
values of the ratios, but double-ratios are

consistent within systematic uncertainties

the ratios and the double-ratios well

p/Tt:

PYTHIA8 underestimates the absolute values

of the ratios and their evolution with S,

EPOS LHC overestimates the absolute

values of the ratios, but their evolution with

S, is predicted well

R
~~
o

Ratio to VOM I-ll|

0.4

0.3

0.2

0.1

0 0.5 1

®

[ JFull syst.
Uncorr. syst.
C

ALICE
- ALICE Preliminary | 7]
pp \s=13TeV <
- --- PYTHIA 8 Monash 2013 -
. — EPOS LHC -
— YK B
°
| Y= == =LELE
i = .. 270
| o0® T -7 _
| o ';’.f,”"— ]
- ~+“m VOM mult. class I-Ill ]
- 7" e Jetty (S,<0.47)  _|
- - e Isotropic (S, > 0.76) A

15 2
[N (GeV/c)
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Summary ALICE

The observed factorization of particle abundances with «dN_/dn> raised a question whether physics probed

in Pb-Pb collisions are the same as in pp. To investigate this, hadron production as a function of multiplicity

has been studied using several commonly-used Monte-Carlo generators. We found that:

* PYTHIAS predicts no evolution of particle yield ratios and does not describe the observed trends

» EPOS LHC predicts the observed trends qualitatively, but overestimates the rates of strangeness
enhancement

« DIPSY is in a good agreement with the measured strange hadron-to-pion ratios, but overestimates p/mt

Studies of pp collisions at Vs = 13 TeV in context of different event shapes showed that:
« Soft- and hard-QCD dominated events can be separated with transverse spherocity

» Collective-like effects are enhanced in pp collisions that exhibit isotropic final-state particle distributions

« PYTHIAS8 overestimates «p_> as a function of N, in jetty collisions
« The evolution of p_-differential K/rt and p/mt ratios with spherocity is well described by EPOS LHC,
whereas PYTHIAS predicts the trends only qualitatively
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