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From light- to heavy-quark fragmentation in jets:
current measurements in pp collisions with the ALICE
detector and perspectives
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Introduction

Medium effects on quark fragmentation

» The presence of a hot and dense medium influences the propagation
and the fragmentation of quarks and gluons

» The effect depends on the type of parton and on its mass
C.Bianchin (Utrecht University)
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Introduction
Benchmark: the reference measurements ALIGE

» Reference (pp and pA) needed to understand medium effects

» Gluons dominate hadron production at the LHC, data from e™ — e~
collisions constrain mostly quark fragmentation functions (FF)

Hadron production factorization Gluon FF largely unconstrained
1E’Enterria et al. Nucl. Phys. B 615 883 (21814)
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Introduction

Outline ALICE

Light flavours:

» Fragmentation function of charged and identified (p, K, 7) particles
in pp collisions

» Comparison with MC

Heavy flavours:
» Fragmentation function from eTe™ and ep and comparison to models
» State-of-the-art in pp collisions at the LHC

Conclusions & Outlook
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Introduction

Charged particle reconstruction

Tracking detectors

TPC
ITS
Definitions
Ch(_ ) _ track/piet70h
zZ7\= 21— pr T All ALICE measurements shown are
£ =log— with charged jets
z
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Light quarks and gluon fragmentation %

Charged particle distribution in jets ALIGE

> Anti-kr, R = 0.4, pr rae > 0.150 GeV/c, |nje| < 0.5,
20 < pi"" <100 GeV/c

ntrack‘ < Ogv

= T 3 5 T T T
> i 3 E B
3 F 60 s o charged_go & U 3 Y L o0 s06evie o 8 enugiao 1
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§ 1 .— JALICE | £ f o Pythia AMBT1 ]
S g TiNRRY z L o Herwig ]
. . N ,
2 F * P;::, Perugia0 1 3 ALICE all simulations: UE subtracted ]
z r - a Perugiad, 1 [ oeevary o Sg= 1
= . 7Tev |
= — ying Event subir: F = P S =
0 Underlying Event subtracted ? .F S==s pmumso cevie 1
= 3 O == = =% <0.9
- — E|
E o 5= 7Te ] L == Fastletantiki |
[ PI™>0.150 GeVic ] L . == P
Jeta"™| < 0.9 prm—— 1E === <05 -
10? E-Fastlet antikt E [ == ]
ER=04 —_— 3 ro== = 1
F leta”| <05 :::‘ Lo ]
I I ] 0= I i =
=15 15
3 — - i - ] § 1 =0
g . Sosbo o= S
Sos ] Sos E ¥
70 20 30 0 50 60 0 7 2 3 T 5 6
p, (GeVic) €7 = og(p prics

» & common scaling for all pJet B up to € < 2.3 (about z > 0.1)
» Several Monte Carlo simulations reproduce the data
» The yield in the high £ region is underestimated by most event
generators
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Light quarks and gluon fragmentation

Particle Identification (PID)

TOF

(time-of-flight)

i

Detectors used in this analysis

C.Bianchin (Utrecht University)
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HQ14 - 21st-27th Sep 2014

DA

7/21



Light quarks and gluon fragmentation

Advanced PID techniques

TPC dE/dx
ALICE Preliminary, pi"m 15-20 GeV/c, | N | <0.2
Z 140 L E TPG Coherent Fit 10°
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C.Bianchin (Utrecht University)

Jet fragmentation in pp collisions in ALICE

ALICE

» Particle separation at high pr
requires advanced techniques
» TPC Coherent Fit
» Simultaneous fit of dE/dx
model and particle fractions
» Regularization imposing a
smoothness conditions on the
fl’aCtiOnSX.G. Lu CERN-THESIS-2013-179
» TPC Multi-template Fit
» Detailed parametrization of
TPC signal using pure samples
of m, K, p, e using TPC and
TOF PID and topological
selection of V0 decay
» Fit in bins of pr, z, or £ with
templates. Hees, arXiv:1408.5723 [hep-ex]

HQ14 - 21st-27th Sep 2014 8/21



Light quarks and gluon fragmentation

Particle yields in jets l

ALICE
» Final results with the TPC Coherent Fit method, charged jets
» Yields shown in 3 pr e bins 5-10, 10-15, 15-20 GeV/c
g o} K*+K S
Zﬁ 1F =
. pp Vs =7TeV anti-
Yield 0'F Aty s s
©10-15 GeV/c 150.15 GeV/c
VS z 102F % lommaevie § Weras
D§) %k & E
88 3
%2 Oof 3
a6 0 02 04 06 08 10 02 04 06 O

» pr ordering with crossing at z" ~ 0.3 for all particles
» Peak at z~ 0.1

» The yields almost scale for the two highest pt bins
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Light quarks and gluon fragmentation

Particle fractions in jets

0.8

particle ratio
o
=2

ALICE

e e L e e e e

pp Vs =7TeV
ALICE Preliminary
~-5-10 GeV/c

©10-15 GeVic
+#15-20 GeV/c

anti-k;

R=0.4; *'|<0.5
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» Comparison with inclusive

particle ratios

» Qualitative agreement with

the ratios in jets

(5 < pP" < 10 GeV /<)

C.Bianchin (Utrecht University)

Jet fragmentation in pp collisions in ALICE

2 34

10 20
p‘TraCk (GeV/c)

ALICE Coll., Phys.Lett.B 736 (2014)

. - K+ K
. ;j ALICE {5,=2.76 TeV T —

*_0-5% Pb-Pb

0-5% Pb-Pb
— Krakéw
-e- Friesetal. 7
““““ EPOS
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Light quarks and gluon fragmentation %

MC comparison of particle yields in jets ALIGE

» PYTHIA different tunes reproduce particle yields reasonably
» Small deviation for low-pp

» p is reproduced worst, in particular at Iow—p%?ad‘ and high-pr jet

pp¥s=7TeV

25F p" 510GeVic .
Tiet ALICE Preliminary K'+K

MC/Data
N
T

E o 10-
Pl 10-15 GeVie =4 PerugiaQ
T * T PYTHIA PerugiaONoCR
15E = = = = PYTHIA Perugia2011
. 1 E=Eurp e
B
PT jetyqf. =
25

1520 Gevi anticky: A=0.4: 1" <05
2F Prjq 1920 GeVie F o015 Gevic: *1<0.9

210" 1 2 3456 10 20 210" 1 2 3456 10 20
p‘T’aCK (GeV/c)
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Heavy quark fragmentation

Heavy flavours (charm and beauty)

HF production

» At leading order a cc
pair is produced via
qq — cc or gg — cC

> At next-to-leading order
other processes as gluon
splitting contribute

C.Bianchin (Utrecht University) Jet fragmentation in pp collisions in ALICE  HQ14 - 21st-27th Sep 2014 12 /21



Heavy quark fragmentation

Charm fragmentation in D** meson ALIGE

» Measure D** momentum fraction distribution with respect to the
initial charm momentum

+

€ c
W",'.,//
>' s » In eTe™ annihilation E. = Epeam
e ~

“—./

Uy jet cone

jet axis

charged
primary
» In hadronic collisions the quark particles

energy is approximated by the
reconstructed jet

» Charm jets can be identified
requiring a D** (or other D

mesons) in the jet cone
C.Bianchin (Utrecht University) Jet fragmentation in pp collisions in ALICE  HQ14 - 21st-27th Sep 2014 13 /21



Heavy quark fragmentation

Fragmentation of heavy quarks ALIGE

» et — e~ annihilations give a clean environment, estimation of
HF-hadron momentum fraction wrt initial energy

D** production from ALEPHep.c 4 16(2000) Extracted charm fragmentation function
= >_é 0.005

2 oo ﬁl ALEPH = ALEPH +

g = 0.004 +q: ﬁ
[ 0.003 +

=, 0.002

“gluon -
0.1 02703704705 06 0.7 08 0.9 0 ‘ TR
X -F/E 070.170270370.4705706 0.7 08709 1
E~ bea
can X, E/E,

<
~ 0.001 ‘

» D** from c¢, bB_—) B, gluon
splitting in cc¢/bb pair

» JETSET MC and Peterson g
fragmentation physRev.D 105 27 (1983) gluon splitting subtracted (data)
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Heavy quark fragmentation

Charm in pp collisions at the LHC

ATLAS PRD 85 (2012)
T T T T

ALICE

N 014 : 7

Are the available models reliable T b ATLAS S P E

for pp at /s =7 TeV? g F bowc e

~ data with stat. unceriainty -

> . i Stat. + Syst. uncertainty ,:

25 *f pT,‘]et < 70 GGV/C, U'UE: E=TTeV, J-Lm:n!OpD' 1

pR" > 75 GeV/c, [n| <2.5 oosf T mepemcuneas ]

»03<z<1 ooit _ E

» Generators do not reproduce the s ' E

i z
low pr and low z regions § j
» Contribution from gluon 5
splitting larger than predicted 8 0030405 0% 07 08 05 i
z=p (D)E(e)
by pQCD? R(pr,2) = Ny« (pT,2) = "
’ Njet

Generator |  process | parton shower | Hadronization | proton str. | UE
PYTHIA 6.421 | LO pQCD pr-ordered ;‘;“ddel SUINE | \MSTW LO | multi-part int
HERWIG 6 LO pQCD angle-ordered | cluster model multi-part int

POWHEG NLO pQCD leading-| PYTHIA/ CTEQ 6.6
P €adiNg-log | HERWIG :

C.Bianchin (Utrecht University)

Jet fragmentation in pp collisions in ALICE
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Heavy quark fragmentation

What do we know on heavy-flavour particle ALIGE
production in pp collisions?

» Charm fragmentation is harder than that of light quarks/gluons

» A small fraction of charm quarks is produced by gluon splitting and
has softer fragmentation

» The description of D** production rate in jets at the LHC by models
is not satisfactory

What is missing?

» Need more precise measurements from hadronic collisions, mostly at
low z

C.Bianchin (Utrecht University) Jet fragmentation in pp collisions in ALICE  HQ14 - 21st-27th Sep 2014 16 / 21



Heavy quark fragmentation
D-meson reconstruction in ALICE ALIGE

TPC (tracking,
PID via dE/dx)

ITS (tracking,
vertex, and im-
pact parameter
resolution)

TOF (PID via
time-of-flight)

o ) - = = vae
C.Bianchin (Utrecht University) Jet fragmentation in pp collisions in ALICE  HQ14 - 21st-27th Sep 2014 17 /21



Heavy quark fragmentation %

D meson reconstruction in ALICE ALIGE

— 300 |

1. PID TOF+TPC E ppE =7 TeV ]

. . s 2501 « Data 3

2. TOpOlOgICal Selectlons = E 2 o Sim., residual misalignment 1

© 200 I

- - 87, ;

3. Invariant mass analysis S ]

o r 8 ]

n 100 haﬂ E

pointing angl ow ; ﬂaaﬂm ;

N s i RRLLTIR

\ . . —~_K 10" 1 10(G vic)

i econdary veres o (Gevic
. — D meson ¢7 ~ 100 pum ALICE Coll. JHEP 01 128 (2012)

» /s =7 TeV D*t cross section in the range 1 < pp < 24 GeV/c

o T T T T o, 350 T T T v o, T T T
S 1<p‘<2 GeV/c S 4< p(<5 GeVic S 45 12<p‘<16 GeVic
o _ _5nb’ © 300F )
= 100 ppNS =7TeV, L= 5 nb = S 40 1=145.41:0.01 MeV/c?
0 . 0, - 0 o50F 0 =970£94 keV/c’
S gf D> D> K T[T* s 20 s % S(t30)115412
2 = > 30
%3 o 200 1]
2 e + £ £ 2
S I 5 150F G 20
4
0 100F 15
2 11=145.11£0.16 MeV/c2 1=145.4740.04 MeV/c* 10
0=625+320 keV/c* 50 0=519+41 keV/c® 5|
/ S(+30)=78+16 S(£30)=478+36
%35 0.14 0145 0.15 0.155 0435 0.14 0145 0.15 0155 0435014 0145 0.15 0155
M(Kzm)-M(Kn) (GeV/c®) M(Kn)-M(Kn) (GeV/c?) M(Knz)-M(Kr) (GeV/c?)
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Heavy quark fragmentation

D** in jets in ALICE
> Line = 200 nb~! pp collisions at /s = 8 TeV (EMCal triggered)

> Anti-kt, charged jets, R = 0.4, pr track > 0.15 GeV/c
» D*" in jets = R(D, jet) < 0.4

R(D, jet) =
jet,ch
> Py

\/(‘PD*+ - <Pjet)2 — (p*+ — njet)2

D*T in jets in bins of z

obs

T T g T T g T T
0.30 < 2% < 0.60 £ a0f 0.70 < 2% < 0.80 £ 0.80 < 2° < 0.90
i} fir
150k Signif.(30) = (4.3 £ 1.2) Signif.(30) = (7.3 £ 0.8) Signif.(30) = (7.3 £ 0.5)
S/B (30) = (0.24 + 0.08) S/B (30) = (191 0.33) 20k SIB (30) = (3.4 £ 0.5) ]
ALICE Preliminary 30 a E D" - D . Kn
and charge conjugate,
00 pp, Vs =8 TeV. + >10Gevic, p_(D") > 500 MeVic,
L - 1 4
I“’" 7onb » Fi0s 20F rE"e<os
50 oF 10F
obs = chdet
=P,y
’
1 1 ’ s,
0.14 0.15 0.16 0.14 0.15 0.16 0.14 0.15 0.16

M (KTm)-M (K (GeVic?)

> 10 GeV/c

C.Bianchin (Utrecht University)

M (KTm)-M (KT (GeVic?)

M (Krm)-M (KT (GeVic?)

» D** in jets signal jn 0.3 < z°P% < 1

Jet fragmentation in pp collisions in ALICE

HQ14 - 21st-27th Sep 2014

ALICE

19 /21



Heavy quark fragmentation

Perspectives ALICE

+ 04F LI S B S | 3

) [ ALICE Prelimi ] L I I R RS AN AN AR MRS

E r reliminary 1 -E F EMCal Trigger: ALICE Preliminary E!

203 pp, 5=8Tev - € [—L0 pp. (s=8Tev

e [ _ L] g | ——Lldet ) ]

s I ILm_ 70nb% 1 g PSS, St

g 0,0 1 031 10 3 e ] |“§

2 [ ] =T -~ 1

_§ [ Antik,, R =04, <05, k| ‘E 8 [ _.". _i_ 1

2 0.1 Py, >015Gevrc, p‘rf’::' >10 GeVic - PO U B oo ++ q

= [ D" - D% ~ Kr'n and charge conjugate, ] 2 et * —+

ﬁ [ p,(0") > 500 MeVic, R(s“.h]elé)]<0v4j ¢ ] g 10 :::" Anti-ky, R =04, [1]<0.5, _i_t

% 0 E 4 E- Py > 0-15 GeVie, pj"‘:f‘ >10 GeV/c E

2 0.4 0.6 Wil e 02050305060 7080

2P0 P pf‘]:e‘ (GeVic)
» Statistical uncertainties still » The triggered sample requires a
; obs H

large in the low-z°"° region larger pr jet cut

> With LHC-Run2 (2015-2017) » In Run2 (2015) 4G MB events

R —1 . .

expected up to Lin; = 40 pb foreseen, no trigger bias. Low
(about x100 more) pr accessible?
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Heavy quark fragmentation

Summary and outlook ALICE

v

pp reference is crucial to study medium effect in jets fragmentation
» ALICE measured jet fragmentation into charged particles

» Common scaling for z > 0.1
» PYTHIA simulations OK, difficulties to reproduce low z

ALICE measured jet fragmentation into Identified Particles

» Strangeness content increases, leading baryon decreases
» PYTHIA simulations OK, difficulties to reproduce low z protons

Outlook: Comparison to FF at higher-pr jct, test universality of FF
» Run2: PID FF up to prjer = 100 GeV/c

» Heavy flavour measurements with Run 2 data

More pp measurements needed for both light and heavy
flavours! Looking forward for Run 2 and ALICE upgrade

v

v
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Charged track distribution in jets in pp collisions

pr distribution of fragments in
charged jets

ALICE Preliminary e data

°
o

S = PYTHIA-Perugia0

o 10° + PYTHIA-Perugia2011 3
§ o PYTHIA-Perugia0 NoCR
3

£

= 10 E|

pp Vs=7TeV
P> 0.15 GeVie
4 <0
charged jets g
antik; R =04
m|<0.5

0 ‘5 16 1‘5 20 2‘5 30
)

» Primary particles

» no underlying event subtraction

C.Bianchin (Utrecht University)

1N, N/

T T T T
20<p:eadmg jet. charged o 2o e
4r ack ]
pI* > 0.150 GeV/c
' leta"™" < 0.9 pnellir}rcusn
3L ]
== PP Sy =7 TeV
e Fastlet anti-kt
2r R=04
-~ * leta™| <0.5
—— .
1L ]
o —.—
Lo e
o e e T e
0 1 2 3 4

5 jet 6|rack
€ =log(p, /p;*™)

» ¢ distribution of charged track

within charged jets in pp
collisions at /s = 7 TeV

» Underlying event subtracted

» ¢ is following a common scaling

for 20 < prjet < 100 GeV/c up
to £ < 2.3 (about z > 0.1)
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Charged track distribution in jets in pp collisions

pr distribution of fragments in

. *ﬁ' Ie;dmg jot, cha‘vged !
charged jets z . 30<p " <40 GeVic ]
E ALICE Preliminary e data Zﬁ p:'“‘;;‘voa.clls E S :V/c JALICE
& = PYTHIA-Perugia0 =
10 « PYTHIA-Perugia2011 3r ]
§ o PYTHIA-Perugia0 NoCR = PP (5= 7TeV
5 .= . FastJet anti-kt
s 2r —— - R=04
,3_— 10 B leta®| <0.5
it - B
1 E e T R N IO
Ly & = log(p; /p{*™)
107 '% E . . .
& » ¢ distribution of charged track
within charged jets in pp
10% 3
— collisions at /s = 7 TeV
p‘T'“k >0.15 GeV/e
"™ < 0.9 .
10 dargedios » Underlying event subtracted
anti-k; R=0.4
USRS » ¢ is following a common scaling
0 5 10 15 20 25 30

p:amcle (GeV/c)

for 20 < prjet < 100 GeV/c up
» no underlying event subtraction to <23 (abOUt z> 01)
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Charged track distribution in jets in pp collisions ALIGE
pr distribution of fragments in " I ‘
Charged ~. ets % . 40<p:eadmgAe\‘chavged<60 GeVic 7
E ALI‘CE Prehn:mavy . data Zﬁ p:'“‘;;‘voa.clls E S :V/c JALICE
& = PYTHIA-Perugia0 =
o 10° + PYTHIA-Perugia2011 3 3t - ]
§ o PYTHIA-Perugia0 NoCR ] WFﬂ;a’nE‘(
vﬂ 2r = R=04 —|
22 e | | leta™| <0.5
= 10 E|
1 = 7]
' 1 L
-;% & = log(p}"/py™")
10" E . . .
& » ¢ distribution of charged track
within charged jets in pp
102 E L.
— collisions at /s = 7 TeV
P> 0.15 GeVie
00 dageiros » Underlying event subtracted
anti-k; R=0.4
I » ¢ is following a common scaling
0 5 10 15 20 25 30

p:amcle (GeV/c)

for 20 < prjet < 100 GeV/c up
» no underlying event subtraction to <23 (abOUt z> 01)
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Backup

Charged track distribution in jets in pp collisions
pr distribution of fragments in

. *ﬁ' Ie;dmg jot, cha‘vged ! :
charged jets z 4760<p‘ i <80 GeVic ]
E ALICE Preliminary e data Zﬁ p:'“‘;;‘voa.clls E S :V/c JALICE
& = PYTHIA-Perugiad -
10 « PYTHIA-Perugia2011 3r = ]
§ o PYTHIA-Perugia0 NoCR —_— PP (5= 7TeV
3 FastJet anti-kt
2 2r R=04 —|
32 ——— leta™| <0.5
= 10 E|
na = b
: ]
Ly & = log(p; /p{*™)
107 '% E . . .
& » ¢ distribution of charged track
within charged jets in pp
102 E
— collisions at /s = 7 TeV
P> 0.15 GeVie
"% < 0.9 .
10 dargedios » Underlying event subtracted
anti-k; R=0.4
USRS » ¢ is following a common scaling
0 5 10 15 20 25 30

p:amcle (GeV/c)

for 20 < prjet < 100 GeV/c up
to £ < 2.3 (about z > 0.1)

» Primary particles
» no underlying event subtraction
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Charged track distribution in jets in pp collisions ALIGE
pr distribution of fragments in " I ‘
charged jets % . 80<p ™" %100 GeVio ]
E ALI‘CE Prehn:mavy . data Zﬁ p:'“‘;;‘voa.clls E S :V/c JALICE
& = PYTHIA-Perugiad - 3
102 « PYTHIA-Perugia2011  § F 4 B
§ o PYTHIArPeruZ\ao NoCR WFﬂ;a’nE‘(
vﬂ 2r R=04
Eﬁ o 1 + Jeta™| < 0.5
£ ]
L,
J B 0HH\HH\HH\HH\HHW
0 1 2 3 4 5 et 6|rack
k) & = log(p; /p{*™)
10" '% E . . .
& » ¢ distribution of charged track
within charged jets in pp
102 E L.
o -7V collisions at /s = 7 TeV
P> 0.15 GeVie
00 dageiros » Underlying event subtracted
anti-k; R=0.4
I » ¢ is following a common scaling
0 5 10 15 20 25 30

p:amcle (GeV/c)

for 20 < prjet < 100 GeV/c up
to £ < 2.3 (about z > 0.1)

» Primary particles

» no underlying event subtraction
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Backup

MC comparisons charged track fragmentatlon

C.Bianchin (Utrecht University)

MC/data
o

0.5

w' o 15 - 20 GeV/c

ALICE Prellmlnary

- pp \s=7TeV ]
paanes ‘“‘*ﬁﬁﬁ;&%;’ég ]
i : : | ; —
[ P 10- 15 GeVie | < 0.9
A P > 0.15 GeV/c

[ anti-k; R=0.4
| <05
W

PYTHIA-Perugia0
4 PYTHIA-Perugia2011
0 PYTHIA-Perugia0 NoCR

§ch -

Jet fragmentation in pp collisions in ALICE

5 6
log( ;ﬂ:" ohy pﬁar\lcle)
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Backup

Underlying event subtraction

ALICE

» Underline Event = pp event activity not related to hard scattering
» In MC: initial state gluon radiation, multiple partonic interactions, and
beam remnants. Final-state radiation also contributes
» Experimentally it can be measured via particles measured in a region
distinct from a reconstructed jet, e.g. a transverse region
» "“Perpendicular cone” method: two cones of R=0.4 placed
perpendicular to the jet axis at ¢ = @t + /2 and 7 = et
» the dN/dn distributions of the perpendicular cones as well as the 7
integration range of the tracks follows exactly the jet cones
» small ¢ integration range, minimizes the susceptibility to NLO effects

- T T T T T T T T T
3 E 20<peinaiet chaed g Gey/c o signal + Underlying Event 3
S Eo o o signal
L e, = Underlying Event ]
g En ..
.-
3 o
> [ oo ]
o .
@ - ——
o4 —e—]
€
++ 3
uncorrected LALICE
| | ‘22/05/2‘012

8 10 12 14 16 18 20
p‘(GeV/c)

C.Bianchin (Utrecht University)

1N, dN/GE (a.u.)

Jet fragmentation in pp collisions in ALICE

T
Jeading jt, charged

20<p

P (5= 7 TeV
P> 0.150 GeVie
[eta™| < 0.9
FastJet anti-kt
[R=04

leta®| <05

o signal + Underlying Event

o sig
L = Underlying Event

PERFORMANCE
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Advanced PID techniques — TPC Coherent Fit !;E

» Uncorrected particle yields extracted with the TPC Coherent Fit
X.G. Lu CERN-THESIS-2013-179

ALICE Preliminary, p;f'm 15-20 GeV/c, | ek | <0.2 ALICE Preliminary, pif]m 15-20 GeV/c, | n"eck | <0.2
;%140 ‘ TPC Coherent Fit 10° g 1007‘ ro ey /‘Fci, ‘ ‘ 1
5 120 o g
100 10? K
é 80 60 sum -
£
60 10 4or ]
40 20 4
0 1 05 y
210" v 888 A e ° ° 0 (BOx-GE 0y
» Simultaneous fit of dE /dx > The overall shape at a given p is
model and fractions (coherent the weighted sum of 4 (m, K P,
fit) and e are considered) Gaussian
S . distributions
> Regularization imposing a ) )
smoothness conditions on the > Restricted 7 windows are used

fractions
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Advanced PID techniques — TPC Multi-template Fit ai1cE

» The analysis is cross-checked with the TPC Multi-template Fit
» Detailed parametrization of TPC signal using pure samples of 7, K, p,
e using TPC and TOF PID and topological selection of VO decay

°
Q
. . . . . o
» Fit the measured distribution in 5 o5
o
bins of pr, z, or £ with 2
3 o
templates s
5 03f
= = [*]
§ Epp &7 TV, p:f"mlu-ﬁéewc, 706065 | 'ALICE Preliminary E 5 t
£ Fantik Roa 3 02
Measured = L
Multi-template fit ;
747, template ] oAk
K'+K’, template E [
Pp+P, template :‘ 9
1 e*+e’, template ¥ « o 4
N s “. 1 E ®
1 L o L L bl L = o
£ 04 T+
& I [ K
z % LTIy (] L 5
£ o2 A AL B &
£ 04 ‘ T
e 0.6 07 0.8 0.9 1

11 213
&, = dE/dx / <dE/dx>,

B. Hees, arXiv:1408.5723 [hep-ex]
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F T T T T T T T T T
[ ALICE Preliminary
r Kinpp {s=7TeV, p:"_‘ 10-15 GeV/e

P 3
ALICE TPC Coherent,

b uncorr. (ref.)

L E ALICE TPC Multi-Template, -

t uncorr.

r —e— PYTHIA Perugia 0 + GEANT3

3 anti-ky, R=04, | <0.5]
B Py o > 015 GeVie
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Advanced PID techniques — TPC Multi-template Fit ai1cE

» The analysis is cross-checked with the TPC Multi-template Fit
» Detailed parametrization of TPC signal using pure samples of 7, K, p,
e using TPC and TOF PID and topological selection of VO decay

T T T T T T T T T
ALICE Preliminary
Kinpp Vs=7 TeV, p:" o 10-15 GeVic

i
ALICE TPC Coherent,

» Fit the measured distribution in
bins of pr, z, or £ with

uncorr. (ref.) 4
E ALICE TPC Multi-Template, g

uncorr.

Uncorrected K/charged
o
=

tem plates —e— PYTHIA Perugia 0 + GEANT3
0.3]
§ § PP (57 TeV, p;""N 10-15 GeVic, 2 0.6.0.65 | i ‘ALICE Prelim‘imry e
E  Fantik, R=04 oo E

i e Method comparison
. .
o et Different methods, compatible
10 L=etve’ templatef «

R results
£ o4 |
Z o I Lyt 2
2% T ———r | s
i
o 02 T‘ 1 i T n
T 04
e 06 07 08 09 1

11 213
&, = dE/dx / <dE/dx>,

01 02 03 04 05 06 07 08 09 1
h
B. Hees, arXiv:1408.5723 [hep-ex] z°
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More on Coherent Fit ALICE

Definitions

Overall signal shape: L Ak(p)G(A; i, o), A is the TPC signal, ;1 and o
the Gaussian (G) mean and width depending on two sets of parameter (a
and b) and on the particle velocity p/m, Ak is the fraction of particle k
normalized at p X, Ax(p) =1

Likelihood function

I = ltat + lreg
lstat = Zizj/nP(W:f(PnA ) W/ZkAk(Pl)G(Aj; M(Pi/mkva),g(u, b))).
Yfi(pi, Aj) =1, w; = min{C, N;} with N; counts in the bin and C

e —" Poisson probability density function

number, P(n;7) =
Ax(pi)—A . N
heg = _z,zk%, Ayi k-particle fraction interpolated from

neighbouring values Ax(pi—1) and Ax(pit1), Oki = w/w error
on A(pi)

v
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Advantage of the Coherent fit ALICE

» The maximization of ki, drives the free parameters Ax(p;), a, and b

» The constructed X Ax(p)G(A; 1, 0) describes the observed
distribution in every p-bin simultaneously (coherent fit)

> Istat can be defined and maximized in each p bin separately
(incoherent fit)

Toy MC (p, A)—distribution (from X.G. Lu CERN—THESIS—2013—179) _
Incoherent fit Coherent fit

< 1 T S 1 E T
g = F PO g -
& e Plr . gagrzzh s = R
= o ¥ T K scﬁ%” ] N S
wk WA rr ¥ 10k 3

[~k ToyMC(p.x K.2) coherent fit (no reg.)

I\II.I

ToyMC(p.x|K,e) incoherent fi

p (GeVic) p (Gevic)
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Regularization parameter () ALICE
Fit at a given momentum p (from x.. Lu CERN-THESIS-2013-179)
. Incoherent fit B Coherent fit
£ :1U ' ' ! ' " 1059 GaWic | 8 o " j j 5-10.59 GaVit |
& SOF inconerent fit 5 P E S0F coherent fit L
40; é “a awf g .

a0f 30

20 20

10F 10

%g™E % e 70 80 90 100 B30 ™50 0 70 80 80 100
ToyMC(p,nK.€) signal (arb. units) ToyMGCi{px K.e) signal (arb. units)

» Bias due to the ambiguity of two overlapping distribution
» The bias happen at the crossing of p-e, 7-K, m-p, and p-K

» Regularization term removes the ambiguity: Ax(p;) required to be
continuous modulo statistical fluctuations (polynomial interpolation
of +1 neighbouring bins used)
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Particle yields in jets

(GeV/c)!

track
T
=)

o <
o

Yets

1/N_, dN/dp!

pPT

]
&

scaled to
15-20 GeV/c
o N

ALICE
» Final results with the TPC Coherent Fit method, charged jets
» Yields shown in 3 pr e bins 5-10, 10-15, 15-20 GeV/c
r——-m;::'n' i KK 1 i
i Hy T e, P
E -_J‘":-_ + L T = 4
[ ppis=7Tev = = L anti-k; -. _:- ® .ﬂgm
s i «  f A0&m0s % EBm
©10-15 GeVic Py>0.15 GeVic @ 1
E #1520 GeVic + <09 <]
2x10" 1 234 10 202x10" 1 234 10 202x10" 1 234 10 20
p‘TraCk (GeVic)

» pr ordering with crossing at pr ~ 2 GeV/c for K and p

C.Bianchin (Utrecht University)
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Particle fractions in jets

ALICE

anti-k;

1 m"a“\<0-9

pp Vs=7TeV
ALICE Preliminary |
~“-5-10 GeV/c

©10-15 GeV/c
-+ 15-20 GeV/c

[ R=0.4; *|<0.5 T+
p‘T’a"‘>0.1 5 GeV/c

p+p ]

g -
€ o6} KK
o T+
0

5

S o4f

0.2
p4

o OF
o= E
'08 151
Lo 3
g+ 0.5 .
a0 0.2

04 06 08

> Increasing strangeness fraction

» Leading baryon suppression

C.Bianchin (Utrecht University)
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What do we learn on light particle production in pp aiTcE
collisions?

» The strangeness fraction increases with z"', while the baryon
production is suppressed at high z®

» PYTHIA simulations are able to reproduce the data within 30%
accuracy, with increasing tension at low pr

Perspectives for Run2 (pp at /s = 13 TeV):

» From charged jets to full jets to reconstruct all the jet energy (closer
to the parton energy)

» Compare with FF parametrization for gluon, dominant at the LHC
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Contribution from gluon and quarks in hadron produchGBe

pp 7 TeV

V/s = 7000 GeV — Kretzer |

gluon — At + h™ 7]
- quark — ht + h™
.

0.0 L
2 5 10 20 50 100 200

pr [GeV/d]
arXiv:1311.1415
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eTe™ and ep collisions ALIGE
2} t D" jet
Sask o oo e 8T Tamamen ()
% 4 CLEO: \SZ105G€VVZEE'?'/g'::‘ -8 PYTHIASymm. Lund + Bowler.r,=1) |
g Op o Pelenemocclmh L «==== PYTHIA(Symm. Lund + Bowler.r,=0.5)
= - crmer PYTHIA(SYM. Lund)
25 { 2k .
by
E LA | |
g
15
I l§f§ ‘p 1+ 1
1 f L T e T
s 'y | i ]
0° i L .
$a0 s Y
% olz 014 ole ole - 0 0'2 . O; . DIE . 0'8
z z
» Similar results in eTe™ and e .
S in P/ PYTHIA + different FF (Peterson
» Not equal definition of z, or Lund+Bowler for HF)
energy
» (z) consistent with scaling NLO QCD + (Peterson or
from QCD Kartvelishvili) not shown

The FF param depends on the scale and colour connection (e*e™ # ep)

ZEUS Coll., EPJC 351 44 (2005)
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ZEUS results compared to NLO pQCD calculations gi1cE

» Fixed-order calculation from Frixione et al. (FMNR)
Hadronization correction factor from PYTHIA

>
N 3T T T T T T N T T T T T
= * ZEUS (120pb™) (a) z s ZEUS (120 pb™) (b)
3 | == FMNRC, (Peterson c=0.079 ) p00) | = | == rMNRC](Kantvelishili =2.6705)
-‘_‘?. ----- FMNR>Cy 1] (Peterson £=0.035) -;_Q ----- FMNR:Cy «(Kartvelishvili z=1.2)

---------- FMNR:Cy yq(Kartvelishvili ¢=4.0)

---------- FMNR>Cy .3 (Peterson c=0.2)

06 08 1
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Charm production: contribution from gluon splitting arIcE

Adp=n

g Cc

T g/ g

pair creation gluon splitting

» g — cC is expected (pQCD) to
be a small contribution

» Simulation including direct
charm creation (from gg or qg)
reproduce high z. Other
processes dominate at low z

» STAR results (y/s = 200 GeV)
confirm gluon splitting is small
with respect to the total charm

cross section
C.Bianchin (Utrecht University)
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