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Introduction

dSmall systems (like those produced in pp
and p-Pb collisions) have attracted the
attention of the heavy-ion community
because:

dIn high multiplicity events, sQGP-like
signatures have been found (flow & long
range azimuthal correlations)

JdThe origin of such effects is still unknown
JMore differential studies are needed
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A hydro-inspired model (Blast-Wave):
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A hydro-inspired model (Blast-Wave):

R .
Ld_Noc rdrmTIO(stmhp)Kl(mTcoshp
prdpr % 1y, Ly,

-1 _ -1 Ln
p =tanh™ . =tanh ((R) /J’S)

Describes the p; spectra of identified

hadrons in:

] p-Pb and Pb-Pb data

J Also the p; distributions generated
with Pythia (where no hydrodynamical
evolution is assumed)
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It has been discussed that color reconnection (CR)
produces radial flow-like patters due to boosted strings
G. Pai¢, E. Cuautle, P. Christiansen, |. Maldonado and A. O., PRL 111 (2013)

042001
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)

nd i . i
+2"° partonic When CR is activated
system
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This was the focus of this work:

PRL 111 (2013) 042001

d The more Ny, the higher
the flow-like effect

A. Ortiz (Taxco, Mexico)
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 19§1 (2009)

+2"d partonic

When CR is activated
system

Due to the large Ny, @ high p; jet in the

event is expected (high probability):

 Can we quantify the effects of the high
pr jets?

d | would expect a higher boost with
increasing the parton p;

A. Ortiz (Taxco, Mexico)
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 19§1 (2009)
« Effects of CR on hadron flavor observables, C. Bierlich and J. R.
Christiansen, PRD 92 (2015) 9, 094010

st i nd i
1st partonic +2" partonic When CR is activated
system ‘ system
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In the CR model used in the tune Monash 2013

(Mo2013), an MPI system with a scale p; of the

hard interaction (normally 2 — 2) can be merged
with one of a harder scale with a probability that
is:

(RRxpTO)2 Reconnection Range (RR): 0-10
P(pT) =

Tune Monash 2013: RRxp;, =3

2
(RR X pTO) + p%
http://home.thep.lu.se/~torbjorn/pythia82html/Welcome.html
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+ Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009)
« Effects of CR on hadron flavor observables, C. Bierlich and J. R.
Christiansen, PRD 92 (2015) 9, 094010

This work: study the properties of the

pp events as a function of their

multi pllClty (z = dN/dn/<d N/': Y1
& their jet content (Ieadlng jet py)

January 19, 2016 A. Ortiz (Taxco, Mexico)
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] Generator: Pythia 8.212, T. Sjéstrand et. al, CPC191 (2005) 159

JTune Monash 2013, P. Skands, EPJC74 (2014) 8, 3024
J900M events

H nerator EP 117, K. Werner et al., PRC89 (2014) 6, 064903
Generato 0S 3. K. Werner et al., PRC 82 (2010) 044904

J11000M events H.J. Drescher et al., PR 350 (2001) 93-289

J Jet Finder: Fastdet 3.1.3, M. Cacciari et al., EPJC72(2012)1896
J Anti-k; algorithm

We thank Klaus for providing the code

JR=04 and for the useful discussion

dpmn =5 GeV

1 Visible particles (Pythia definition) are considered for the jet
reconstruction
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Multiplicity

p; spectra
Jet p;

-1 1 n

* The underlying event contribution to the jet p; was not studied,
because we are only interested in the event classification

INCLUSIVE PARTICLE PRODUCTION
AS A FUNCTION OF THE EVENT
MULTIPLICITY AND HARDNESS

January 19, 2016 A. Ortiz (Taxco, Mexico)



petvs. multiplicity

Events without jets
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The higher the event multiplicity the higher the average p{/°!
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With Color Reconnection Without Color Reconnection
—~ 0.5 - T T ] 1 [ ' T ]
f i In’etl<1 O<z<1 : 10 In’etl<1 0<z<1 : .
L o4l :_wiojets (0 >5 GeV.i<1) TF e wiojets (b > 5 GeV.fhi<1) :
= ¢ RBLpT<i0GeY | | TB<p<10GeV | ! 3
= oslk 10<p’“'<15Ge ! R I 10<p <15GeV !
+ [« 15<pf<20Gev (T Inclusived b 45 pFoppGey T Inclusive |
& L p-2-20spls25. |20 < p™ <25 GeV_

0.1}

. - _ Pythia 8.212 Mo13 pp Vs =7 TeV
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[ CR effects are observer for p/¢t < 10 GeV
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With Color Reconnection Without Color Reconnection
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) CR effects are observer for pf¢t < 10 GeV

) The position of the peak is shifted to higher p; when p/¢tincreases. The
shift is accompanied by an increase of <f3;>

P, (8eV/c)
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With Color Reconnection Without Color Reconnection
’\0-5_ ' T ™ "Ll ] 1 [ B T T T ' | IR N I
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107" 1 1

P, (8eV/c)
) CR effects are observer for pf¢t < 10 GeV
) The position of the peak is shifted to higher p; when p/¢tincreases. The
shift is accompanied by an increase of <f3;> (from Blast-Wave analysis)
[ The effect is very small for p/¢t > 15 GeV
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J Larger enhancement with respect to the case without CR

J With CR, jet effects (peak position) are smaller than in the low N, case
 Dominated by underlying event
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Results from the Blast-Wave analysis are presented, for this
a simultaneous fit of the BW function to the the p; spectra is

performed in order to extract <B;>. The fitting ranges are
the following:

|k kel el (A H B

0.5-1.0 03-15 0.3-1.5 0.8-2.0 0.8-2.0 1.0-2.1 1.2-2.6 1.3-2.8

p; ranges (GeV/c)

(Same p; ranges as in: G. Paic, E. Cuautle and A. O. NPA 941
(2015) 78-86, where the p; spectra in high multiplicity events were
described by BW model within 10%)

January 19, 2016 A. Ortiz (Taxco, Mexico)
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MC / Fit

Without Jets

<f>=0.34, <1,,>=0.14, <nm>=2.94
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Quality of the fit is slightly worst & smaller <gG;> reach
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£7] any selection on the hardness e oo
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MC / Fit

15 < pet< 20 GeV

<f>=0.48, <1,,>=0.12, <m>=1.94
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Quality of the fit is better & higher <S> reach
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<Ng> <1 = 60.47
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15 < pet< 20 GeV

B
<B>=0.48, <T,, >=0.12, <m>=1.94 WwiGNEer

When a high py jet is required:

BW model describes the spectra even in low
multiplicity events. In the inclusive case (w/o
selection on hardness), low multiplicity events are
very soft -> BW can not fit the spectra

=i [1<3> is =independent of multiplicity when p{et and

multlpI|C|ty are fixed

LA oL A =

e L)

S S U L e e =
1 . e e W = = L
-'_‘10_ \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\ \\\1\\\\1\\\\1\\\\1\\\\\\\\\\\\\\\\ \\\‘\\\\‘\\\\\\\\\\\\\\\\
L - Pythia 8.212 (M02013 _f - Pythia 8.212 (M02013) = % =
S e L L 1t b b 1t é ;
| izl 11 cmagenttitly Lrt I 1 :
0.8 il ‘ — 4 F T 4 F T =
0.6/ (B,)=047,T o1zee\ﬁ1 =217 = f_ (B,)=0.48T, =012GeV,n=192 4k (B.y=051,T 01ZGVn175 =

0" 05 1 5 T2 T35 3 35 st Yy 05 TTTTs T2 s T3 35 ;1 Y05 1 15 "2 35 3 35 St

<Ny« = 18.22 <Ngp>p<t = 39.18 <Ng> <1 = 60.47

January 19, 2016 A. Ortiz (Taxco, Mexico)
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Tkln VS <ﬁT> U'\iA'V'
uisner
._% 0.2 rrrrprrrrprerrprrrrprretprrrrprrepr et e e e e
~ | Pythia 8.212 M02013 pp \s =7 TeV |
015 -
- (3 © ¢ .O o -
L O-)g) 4
- . |
OT el < 1 ]
. o inclusive |
005 °© W/ojets )
. 15<p'Tead"et<20 GeV/c :
cvv v b b b v b e P v
0.2 025 0.3 0.35 04 045 05 055 0.6 O.<65 o>.7
/))T
Qualitatively similar result obtained using the event shape:
spherocity E. Cuautle, G. Pai¢ and A. O., NPA 941 (2015) 78-86
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Tkln VS <ﬁT> UEA'V'

wiGner

._%0-2"" rrrrprrrrprrrrprrrrprr T rrr et T e
~ i Epos 3.117 pp \s=7 TeV |
0.15_— _
I . ] . ]
i ® Yo oo’@*o.o ]
ol t3 -
L < 1 ]
o inclusive |
005 ° W/ojets )
. 15<p'Tead"et<20 GeV/c :
coa oo o b b b b bvv o b b g

0.2 0.25 0.3 0.35 0.4 045 05 0.55 0.6 O.<6% o>.7
T

no Jet effects seem to be smaller than in Pythia

o We always observe a strong multiplicity dependence

January 19, 2016 A. Ortiz (Taxco, Mexico)
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uisner

pp Vs =7TeV, lyl<1
¢ = + 7 (100.00x)
e K'+K (50.00x)
® p+p(1.00x)

—— Blast-Wave (global)

pp Vs =7 TeV, lyl<t
¢ n* +  (100.00x)
e K'+K (50.00x)
® p+p(1.00x)

—— Blast-Wave (global)

pp Vs =7 TeV, lyl<t
¢ ot + 7 (100.00x)
e K'+K (50.00x)
® p+ p(1.00x)

—— Blast-Wave (global)

dN_/d

107 < jxmﬁn <2 < jx‘”ﬁ” < < dNCh/dn <6

107 (dN_/dn ) (dN_/dn ) (dN_/dn )

10_87\ \\\1\ \\\1\ \\\1\\ \\1\\ \\1\\ \\1\\ \\‘\\ \\7 7\\\ \1\\\ \1\\\ \1\\\ \1\\\ \1\\\ \1\\\ \‘\\\ \7 7\\\\1 \\\\1 \\\\1 \\\\1 \\\\1 \\\\1\ \\\‘\ \\\7
145 EPOS v3.117 Hydro full, pp {5 = 7 TeV = E EPOS v3.117 Hydro full, pp 5 = 7 TeV = E EPOS v3.117 Hydro full, pp {5 = 7 TeV =
1.2 4 F 4 F -

- Y L 1 F . Y ; 1 F } ceg s .
1= ‘000.‘ .e = M :'0..‘ oe. s *Cog., . ]
0.8~ 4 4 F -
06F (B,)=037,T, =012GeV,n=2.74 d B (B,)=049,T, =012GeV,n=157 4 E (8,)=053T, =012GeV,n=1.35 =
005 i 15 2 25 3 35 4) 05 1 15 2 25 3 35 4) 05 1 15 2 25 3 35 4
P, (GeV/c) P (GeV/c) P, (GeV/c)

<NCh>|T]|<1 ~ 1527
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pp Vs =7TeV, lyl<1
¢ = + 7 (100.00x)
e K*+K (50.00x)
® p+p(1.00x)

—— Blast-Wave (global)

T TTT ‘ T TTT ‘ T TTT ‘ T TTT ‘ T TTT ‘ T TTT ‘ T TTT ‘ LI
pp Vs =7 TeV, lyl<t
¢ ot + v (100.00x)

e K'+K (50.00x)

® p+p(1.00x)

—— Blast-Wave (global)

pp Vs =7 TeV, lyl<t
¢ ot + 7 (100.00x)
e K'+K (50.00x)
® p+ p(1.00x)

—— Blast-Wave (global)

. dN_ /dnm ; dN_ /dn ; dN_ /dn ’

10°® ch . jet ch : jet ch’ . jet

he < (dN _idn) chh/dT] ) <2, w/o jets (pT >5 GeV, ni<1) < { chh/d ) <4, w/o jets (pT >5 GeV, mi<1) < (dN _Jdn) chh/dn ) <6, w/o jets (pT >5 GeV, ni<1)

10_8 = |- 1 - 1 - 1 - 1 - 1 - 1 - - = = - 1 - 1 - 1 - 1 - 1 - 1 - - - = - - 1 - 1 - 1 - 1 - 1 - 1 - - - =
145 EPOS v3.117 Hydro full, pp 15 = 7 TeV T EPOSV3.117 Hydro full, pp Vs = 7 TeV T EPOSV3.117 Hydro full, pp s = 7 TeV E
1.2 4 F 4 F -

- TS 1 F i e 1 F *® .
1= % ®000e,. e M’ 9000000 e % t:"'."- -
0.8~ 34 F 4 F -
06 ¢ B,)=036,T, =0.12GeV,n=283 KB < B.)=047,T, =0.12GeV,n=1.65 KB < B.)=049,T, =0.12GeV,n=143 =
005 1 75 2 25 3 35 4) 05 1 15 2 25 3 35 43 05 1 15 2 25 3 35 4
P, (GeV/c) P (GeV/c) P, (GeV/c)

<NCh>|T]|<1 ~ 1 51 5
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uisner

pp Vs =7TeV, lyl<1
¢ n + 7 (100.00x)
e K'+K (50.00x)
® p+p(1.00x)

—— Blast-Wave (global)

pp Vs =7 TeV, lyl<t
¢ n* +  (100.00x)
e K'+K (50.00x)
® p+p(1.00x)

—— Blast-Wave (global)

pp Vs =7 TeV, lyl<t
¢ ot + 7 (100.00x)
e K'+K (50.00x)
® p+ p(1.00x)

—— Blast-Wave (global)

~ dN_ /dn . dN_ /dn . dN_ /dn -
1 6 ch jet ch jet ch jet
0 <7(dN /dn><2,15<pT <20 GeV <7(dN /dn><4,15<pT <20 GeV <7(dN /dn><6,15<pT <20 GeV
10—7 ch ch ch
— 1 0_8 E | | ! | - ! | - ! 1l ! 1l ! 1l ! 1l t 11 = F T | ! | | ! | | ! | | ! | | ! | | ! | | t | | = = T | ! | | ! | | ! | | ! | | ! | | ! | - T | I =
Loraf - 4 F - 4 F - =
-~ o EPOS v3.117 Hydro full, pp s = 7 TeV 41 F EPOS v3.117 Hydro full, pp Vs = 7 TeV 41 E EPOS v3.117 Hydro full, pp /s = 7 TeV E
O 12K = = =
= E 1t @ 1F : ¢ ]
1 cndinuieesss, on 4 F M’“'Oo“., 4K W‘,ﬁtﬂ. =
08F 4 F 4 F =
06 (B,)=042T, =013GeV,n=245 q B (B,)=051,T, =0.12GeV,n=1.54 q B (B,)=054T, =0.12GeV,n=1.34 3
R S B N S Y- S S Y-Sy L R Y R - S Y . BT S S R Y- R IS RS B Y-S
P, (GeV/c) P (GeV/c) P, (GeV/c)

<Nch>|nl<1 ~ 1639

<Ngp>pict = 35.56

<NCh>|‘r]|<1 ~ 5627

Quality of the fit is slightly better & higher <> reach (but a stronger multiplicity dependence than in Pythia)
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L 145 pythias21z M 2_413) i T F Pythia8.212 (Mo2013 Q} T Pythia8.212 (M02013) E
I I ) i ;
s . Loadtlell | 1E | . 1k Lt \ E
r — = *‘* — = -9 - -
1 Py L =4 | @ =
- n : ;‘ *? = S E [ Ql"ﬁ!'? Ko 4? 1 F ﬁ%ﬁ# :
0.8 i * - - T HL’F | - - ‘ ‘i | =
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<Nyp>= 3.53
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<NCh>|T]|<1 = 1835
<Nyp>= 4.26
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Spectral shapes ;3—

‘fisner

0.5¢

Wet|<1 <N >|n|<1~1724 _
041 = pp@OQTeV 15 < p <20 GeV -
[ = pp@7TeV, 15<p‘et<ZOGeV |

03F = pp @ 13 TeV, 15<p’et<ZOGeV -

0.2 ‘ﬁ-l'ﬂ'* ﬁ,ﬁl H

011 I | iE[
e Pythia8212Mo13 | ]
10" 1

(p+p) /(" +m)

p. (Bevic)

Proton-to-pion ratio show little or no dependence with Vs
(P position of the peak is the same for the three colliding systems)

January 19, 2016 A. Ortiz (Taxco, Mexico)
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Spectral shapes ;3‘
s - “fisner
vl vfetl <1 < N )m|<1 ~17.24 :
04 = pp @09 TeV <20 .
=~ [ =pp@7TeV,15<p '
2 03F  « pp @13 TeV, .
o

0.2 , ffl"'.-":._ o
0.1;— ) .l.i"l .%‘

ST ., Pythia8.212Mo13

1
10 1 p. (Bevic)

Without the jet requirement, the ratios look more different due to the
different jet biases

January 19, 2016 A. Ortiz (Taxco, Mexico)
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Summary ;3—
uicner
dIn Pythia, MPI (semi-hard and hard partonic
scatterings) and CR produce flow-like effects

In Pythia, jets play an important role in the
generation of the flow-like behavior

JWith a selection based on the hardness, EPOS
always gives a strong N, dependence of <S>,
whereas for Pythia, it stays more or less
constant with N,

Januar y 19, 2016
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Jet effects can be also seen in a Nﬁ;?gg:ggr‘
) ] . UNAM
)
more inclusive analysis Misner
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> L W\ -
G 09 \ 3
S - £ ’
S 08:_ et FE T Y O <p>was
v L ‘ y  computed with
o . 2 : ] charged
L\é 0.7 - ;,/ No second rise is observed: v ] particles within |
— - Notice that the second rise has been ] nl<0.3
e 06 reported by ALICE : © 4 0 dN./dn was
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Jet effects can be also seen

—~ 07
2065
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2

more inclusive analysis

i n a Ciencias

PP \% 5.02 TeV, Pythia 8.201 (4C)
----------------- nl<5.0
—m I |<2.5
S | <1 o

Higher <> when the jet bias is strorig
Similar effect has been reported usinq; bvent
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d <B>was
computed with
charged
particles within |
ni<0.3

d dN,/dn was
computed using
different n
windows
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PID in charged jets
Xianguo Lu, for the ALICE Collaboratlon NPA oo@lﬁmgr
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15 < pet< 20 GeV
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This is a FF effect (p/rmtvs. py/pet is =p®t independent)

With Color Reconnection Without Color Reconnection
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p/tvs. p- (high multiplicity)

Without CR: p/rtvs. p/p/etis =p/et independent (FF)

With Color Reconnection Without Color Reconnection
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