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Benchmark measurements RI0P
no nuclear effects in p-Pb

— suppression in Pb-Pb
IS a final state effect
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GEOMETKY DEPENDENCE: CENTRALITY

Glauber-MC
'p-Pb M =5.02 TeV

 Centrality: classification of collision geometry

based on a measured observable

* Impact parameter b controls <Ncoll> | !
 for small systems b weakly correlated with Npart 1oF - ]

Centrality estimator related via a Glauber model to Ncoll R
» description of the observable through a model ’"“-‘»_
 conditional probability P(M | Ncoll)

e classify events as % of cross-section 0

e <Ncoll> in each centrality bin

Glauber MC: P(Ncal) & Model: P(M|Ncol)

CENTRALITY DETECTORS IN ALICE
SPD e Mid-rapidity: ITS |n|<2, [n|<1.4
* Forward: VOA 2<n<5.1
VOC -3.7<n<-2.7
 Beam-rapidity: neutron ZDC (ZN) |[n|<8.7
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GEOMETKY DEPENDENCE: CENTRALITY

 Centrality: classification of collision geometry

based on a measured observable
* Impact parameter b controls <Ncoll>

 for small systems b weakly correlated with Npart "

Centrality estimator related via a Glauber model to Ncoll b (im)
e description of the observable through a model

 conditional probability P(M | Ncoll)
e classify events as % of cross-section
e <Ncoll> in each centrality bin

Glauber + Negative Binomial Distribution
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GEOMETKY DEPENDENCE: CENTRALITY

1) Verify the connection of the measurement

to the collision geometry:

e correlating observables from kinematic
regions casually disconnected after collision
e comparing Glauber MC and data

for a known process

- Glauber-MC
6001~ p-Pb ys,, = 5.02 TeV

Multiplicity

4001

%
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VZERO-A amplitude (a.u.)

200}
’

1000
ZN-A Energy (a.u.)

2) Demonstrate the consistency of the approach:
 check if the centrality selection could induce a

bias in the geometry parameters
e — selection in a system with large relative

fluctuations can induce a bias
 need to identify the physics origin of
the bias to correct centrality dependent
measurements

ALICE Coll. PRC 91 (2015) 064905
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BIAGES IN PA

 Multiplicity bias: fluctuations sizable
— centrality selection based on multiplicity may
select a sample on NN collisions biased w.r.t. a
sample defined by cuts on b

 MC generators: multiplicity fluctuations are due
to fluctuations in MPIs
— pias in mult ~ bias in hard scattering

« Jet-veto: multiplicity range in peripheral events
represent an effective veto on hard processes

 Geometry bias:
Mean nucleon-nucleon impact parameter (b, )

Increases in peripheral collisions
— reduced number of MPI for peripheral events

~ @,,, = K,z INCLUDING POSSIBLE BIASES
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DEVIATIONG FROM BINAKY SCALING

Selecting events according to multiplicity leads to a bias
- Expected deviations from binary scaling at high p_

@5 (NCH) CENTRALITY: PD Inl < 1.4

e Central:
£ - ALICE p-Pb s, = 5.02 TeV e  0-5% 40-60% i
OQ 25 CL1 5-10% 60-80% hlgher <mult/source> - Rppb>1
B § Syston<T > : ;gig; . 80-100% o Peripheralj

Syst. on normalization

lower <mult/source> - Rppb<1

— large spread NOT related to
nuclear effects!

OHHII 1 ﬁ¥'30IH
P (GeV/c)
Jet-veto effect in most peripheral bin with a significant negative slope vs p_

G-PYTHIA: Incoherent superposition of N-N PYTHIA collisions reproduces data

ALICE Coll. PRC 91 (2015) 064905
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THE ALICE APPROACH

1) assumption: an event selection based on Zero Degree Energy does not

induce bias on bulk particle production at midrapidity

(Ny)=2080,/0,,=6.9 with
2) assumption: mechanism of particle production Oy ="70mb
0,5, =2100 mb
0| 3.,F ALICEpPb\sy=502Tev 3 _
§ \Z/ 1:_ N:ouli:t”dasses_:_—a) Mld'rap dN/dr] —~ Npart
- @ — 0 - . .
S| wf e . o, @mmb) Yield at high-p_ ~N__
L0 = coll = ]
S °F —— o N3** 4mmiEc)Pb-side dN/dn ~ N __®9'(=N_inpA)
N 6:— — part coll
(‘; 4;_ Sys: (N ”>MB —— _; _ i
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* All values within at most 10% 100k et 12 '
— consistency of assumptions ul
» This does not yet prove the validity CO”Sifte”]E "‘r’]ith a 'O”Qit“di”a'.e”erlgy )
: transfer of the proton proportional to the|
of any (or all) of these assumptions number of binary collisions. X
]
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CONCIGTENCY CHECK

Events (arb. units)
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80-100%

10 15 20 25 30 :3 40
VOA ring1 (Pb-side) amplitude (arb. units)

ZNA: Zero Degree Energy
VOA: Forward Multiplicity

e ZNA and VOA: establish their relation to

centrality » P(Ncoll)
e P(Ncoll) distributions in ZNA bins ® NBD

from Glauber fitto MB VOA multiplicity

» P(Ncoll)
 unfolding: P(Ncoll) distributions ® NBD from

Glauber fits VOA data in ZNA centrality bins
» P(Ncoll)

does not work for biased centrality selection
(CL1)

— energy measured by ZN is connected to the

collision geometry
— ZNA unbiased centrality selection

ALICE Coll. PRC 91 (2015) 064905
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DN/Dn AT MIDRAPIDITY
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* VOA (Glauber) steeper than linear increase in Npart
* VOA (Glauber-Gribov) linear scaling with Npart apart from the peripheral point

« ZN centrality + assumptions on scaling for high-p_and Pb-fragmentation side yields

show linear scaling with Npart within 10% and the peripheral bin agrees with pp data
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Pb-side
Q
pPb

NUCLEAR MODIFICATION FACTOR

@,,s CNCHY CENTRALITY: ZERO DEGREE ENEREY
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- Nuclear modification factors consistent with unity at high p_for whole centrality range
- intermediate-p_ enhancement (“Cronin”) increases with centrality

* Results from the 2 assumptions used here are in agreement within uncertainties
* The geometry bias effect is still present in the most peripheral bin
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.. AND MANY MORE pA REQULTS VA. CENTRALITY ...
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CONCLUSIONS

e p-Pb physics program: As control experiment baseline measurements
provide clear proof that effects in Pb-Pb collisions are genuine hot
deconfined QCD matter effects

e Study centrality dependence: is hard probes connection to collision
geometry the same as for MB?
centrality selection — different sources of bias

 ALICE approach:
forward energy from nucleus fragmentation — unbiased selection
+ assumptions for particle scaling

e Centrality dependence of particle production:
- dN/dn at midrapidity scales with Npart
- high-p_ particle production follows binary scaling

but also: cold nuclear matter effects for J/ absorption

SQM 2015 Alberica Toia 13
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DETECTORS USED FOR CENTRALITY

A-p

Pb-Fragmentation

50:I T | T | 1T | 1T | T | T | T | 1T | T | T I:
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40C: | m—TPC 3
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sEL o8 g i L el To, %e Slow Nucleons
= oae® ™ T T ey Sege 1
508 'A"Mﬁ)l--l L1 |I| L |E|i|i| | |i|i| | |E| Ll i |I|.m I .
Y A T R R S ht Nucleus fragmentation model.
n Black nucleons: evaporation
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Grey nucleons: knock-out

(eg C.Oppedisano
https://edms.cern.ch/document/682801/1
F. Sikler arXiv: 0304.065)

Particle production modeled by
Negative Binomial Distribution
(NBD)

Alberica Toia
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DETECTORS USED FOR CENTRALITY

MID-RAPIDITY

TPC+ITS
Tracks [n| <0.9

| o . _
2 layers Si Pixel =
Inl<2;|n|<14 =—

P4

"1oads NONIN

| U

|| vzERO-A ! VZERO-C

VZERO Scintillators

z=340cm z=-90cm
2.8<n<5.1 -3.7<n<-1.7

Particle production modeled by
Negative Binomial Distribution
Pb-fragmentation more relevant

at forward rapidity
SQM 2015 Alberica Toia

ZERO-DEGREE

Quartz-Fiber “Spaghetti”
Zero Degree Calorimeters

. { =7 o

) 3
. 2 _~

z=£112.5 m AW

ZDC sensitive to slow nucleons
Nucleus fragmentation model:
Black nucleons: evaporation
Grey nucleons: knock-out

Centrality Estimators:

CL1: Clustersin 2™ Pixel Layer
VOM: VZERO-A+C Multiplicity
VOA: VZERO-A Multiplicity
ZNA: ZDC-A Neutron Energy




CLAVBEKR FIT

Glauber + Negative Blnomlal Dlstrlbutlon

S E ALICE p-Pbat {spy=5.02TeV '
< — e Data 102 |
. — NBD-Glauber fit C ]
%102 %"‘-.,. N,o X NBD (1 = 11.0, k = 0.44) . . - —
o I 8 x|
o F e, 3 g
103 \ © 0
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SRl 2l 2 | 2. ]
10°2(8| 3| 2 | &8 E
E ol o & o | T 3
o ©| | N - | 10 -
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*Centrality classes: Multiplicity distribution
sliced into percentiles of cross-section

VZERO-A amplitude (a.u.)

-Obtain P(N_ ) from Glauber MC

oFOr each NCO

" obtain

* Multiplicity from NBD
e Slow nucleons from SNM

-Obtain <N__ > for each centrality class
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Glauber MC Parameters

p(r)=p 1

1+exp(r_R)
R = 6.62 + 0.06 fm

a=0.546 = 0.01fm
Minimum NN distance: 0.4£0.4 fm
PN Cross-section: o, =70+ 5 mb

Proton radius: Rp =06+0.2fm

Glauber + Slow Nucleon Model

10-2 ||||||||||||||||| | TTTT | lllllllllllll A L
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I ]
¢ ]
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=) o O O 0929 —
- © © < qNO 2
=) =) © o onw 1
© © T N 0o ]
10'5 IIIIIIIIIIII J_Ii m
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NCOLL FROM GLAUBEKR FITQ

T=..E ALICEp-Pb |, =5.02TeV  , ~4 5 e
16
= " + Cl1 1« <N CRuPers gimilar for
_ 14 e * \VOM = coll
2 = = VOA - different estimators
10~ — - — = :
o * ZNA 1 Except for peripheral events,
= - b (imp.par.) 3 - . . .
F pRELIMINARY : (imp-par) 2 also similar to b-slicing
4E= " Sys: Glauber + MC-closure : = e« Systematic error estimated
2 e -
/\14; ] | | J | | I::::T:::_; byvarylng GIaner MC
TS . = parameters.
z “E .
< e : = * MC closure test performed
N E _
o] I = with HIJING
= E 3
~ %010 20 30 40 50 60 70 80 90
Event Activity (%)
Centrality (%) | N5, | NG NYIM NV | Sys. Glauber  Sys. MC  Sys.Tot | N2W4 | Sys. SNM
0- 5 14.4 15.6 15.7 14.8 10% (3.7%) 3% 10% 14.9 10%
5-10 13.8 13.6 13.7 13.0 10% (3.5%) 1% 109% 13.5 20%
10- 20 12.7 12.0 12.1 11.7 10% (3.2%) 2% 10% 12.3 20%
20- 40 10.2 0.49 0.55 0.36 | 8.8% (3.1%) 2% 9% 102 20%
40 - 60 6.30 6.18 6.26 6.42 | 6.6% (4.3%) 3% 71.2% 6.61 30%
60 - 80 3.10 3.40 3.40 3.81 | 4.3% (6.7%) 20% 20% 3.00 40%
20 -100 1.44 1.76 1.72 1.94 | 2.0% (9.3%) 23% 23% 1.34 10%
0 -100 6.90 6.82 6.87 6.87 10% (3.4%) 109% 6.90 -
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MULTIPLICITY BIAS IN PA

1 1 T
Glauber-MC

p-Pb \'s,, = 5.02 TeV
Pb-Pb \s,, =2.76 TeV

A pTTTITTTI T O T I T Ty 2
e -  Glauber-MC A Pb-Pb VOM 1 |= 1.8F
Y 1'8;_ p-Pb \sy, = 5.02 TeV e p-Pb VOA B \3, F
51 gL Pb-Pb\s,=276TeV e p-PbCL1 - 6 e =
g F p-Pb VOC 1 n14p
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S 0.8F " - 0.4- . Voc
-_,_% 0.6 "'++'A-—f 0.2F 2 VoM (PbPb)
2 o04r o ~ 24 °
0.oF Much smaller bias in Pb-Pb -
| E | | -.-F.E
00 10 20 30 40 50 60 70 80 90 100
Centrality [%] .
* Multiplicity bias: fluctuations sizable 5 |
~Bias on MulyN_at central and 2
peripheral collisions < *°F
2=
 MC models with multi-parton interaction 3
(MPI) include fluctuations of i
particle sources (hard scatterings) =
HIJING (X.N. Wang, M. Gyulassy, nucl-th/9502021) 0.53—
0

— bias in mult ~ bias in hard scattering
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Toy-MC: GPYTHIA
Pythia6 Perugia-2011
+ Glauber MC

1 | 1
100
Centrality (%)
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INCIGHTS FROM MONTE CARLO

N_ scaling: n_ /N _ = const.

S 185 . .
=2 Number of hard scatterings per p-N collision
g 16 J_|—‘r -vs N_ (no multiplicity bias here !)
S tap - Deviation from N_ scaling
12~ ) :
: HIIING atlowN_ :geometry b
F p-Pb 5.02 TeV -athigh N_ : energy conservation (break down of
0.8 No shadowing factorization)
0.6
_fl)lIIIf|>||||1|0||II1|5|HI2|0HH2|5
Ncoll
_ 35 . : ,
8k Toy: p-Pb collisions described as incoherent
Z@ 3¢ Pythia6 Perugia-2011 superposition of nucleon-nucleon
:‘2 250 + Glauber MC
i : - vs centrality from multiplicity |n] < 1.4
2 ‘ - only multiplicity bias
15 - strong deviation from N_ -scaling at low and
1 high centralities.
0'53_ | | L | | I S
0 20 40 60 80 100

Centrality (%)
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JCALING OF PAKRTICLE PRODUCTION

[
€ 25 e VO0-Aring 1 e |*PHOBOS d-Au: n— 1.6*n (beam rapidity)
2 W E e dNidn(1.5<2.0) a = ¢ | * Similar dependence except A-going dir.
R ] ) 3
o :_ VO'C i 1 ] - 4‘ - -
= 0; - ® ring ALICE Preliminary m . P Pb |sy, =5.02 TeV e Pb-p
= - s, =5. - u
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(<dN/dn>/<dN/dn>, ) : " o
. . . - e
o Fit: assuming dN/dn scales with N~ ¢ ° V0
[©}
{S}; _ {Npa,-;}Mg _ ( {dN;’d’ﬁl); ) B o i I:J glr\laczf]ts
S Npar )mB — dN /d e Npart )MB — - ch .
($)ms  ({Npart)mp — ) (. fdn)mB ) —1<n<o  ((Npare)mp — @) 3f + dNoOn(10<p <20GeVic
a = 0 — perfect NIDart scaling : « PHOBOS d-Au
j— —_ target I _I | | | | | | | | | | | | | | |
a =1-perfect N_ (or NIoart ) scaling 4 |4 |2 (l) é Alf
a has clear meaning (N vs N scaling)
part coll nCMS

correlation between causally disconnected observables (eg: slow neutrons - multiplicity)

— connection to geometry.

<S> /<S> _vs <dN/dn>/<dN/dn> (-1<n_<0)




SLOW NUCLEON MODEL

PROTONS

®» 910 (p-Au @ 18 GeV/c) fit to Ng oy VS. N
protons

‘:Ngray |J} - {E,:I TG |"""||::II TG N:CI”} {‘ﬂ"Fb-‘i‘ﬂ‘.&L}HS

| to determine the average number of gray

» COSY (p-Au @ 2.5 GeV) measured the fraction of black over gray protons for the average
number of black protons

— A
‘:Nhlack |J} - fl::-lackn:-uergraﬁ,r {Ngra? p=

» Noray pr Npiack p €Xtracted from binomial distributions

NEUTRONS

= from COSY: Light Charged Particle (Z<=7)
LCP = (<Ngy > + <Npjack p>)/
<Njow n> = <Npjack n> + <Ngpzy > = 2 + b/(c-LCP)
= results from p induced spallation reactions (0.1-10 GeV) for the fraction of black/gray
neutrons
':Ntula-:k n} 0.9* {{NS|"".‘. n ]I

gray Ny, EXtracted from binomial distributions -

» N
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SLOW NUCLEON MODEL
-

. Features of N ~ independent of Ep (1GeV - 1TeV) T

rojectile

« Slow nucleons emission dictated by collision geometry =
- Maxwell-Boltzmann (independent statistical emission)
classified from emulsion experiments

8-

-

m
« Gray: soft nucleons knocked out by wounded nucleons * * * * ® ® " ® "
* Black: low energy target fragments from de-excitation, evaporation
. Glauber model — distribution of N_

- implemented model used a parameterization saturationin N, Vs N,
of results from low energy experiments _—alsoinZDCvsN
C.Oppedisano https://edms.cern.ch/document/682801/1 L0000
F. Sikler, hep-ph/0304065 Fasooof. ][H*Pﬁ

E:suun ‘H‘+~|~‘H“H‘
SLOW i
NUCLEONS 20000t j(J[
'IOEIUEI;— '|'+ ZDC
smu::|_+

u:.l...l TN P PP P P
2 q 6 8 10 12 14 16 18 20

SQM 2015 Alberica Toia
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https://edms.cern.ch/document/682801/1

VZERO-A amplitude (a.u.)

SQM 2015

800

600

400

ZNA CORRELATIONG

200}

800 1 1 1 1 1 1 ) 1 I T 1
| ALICE p-Pb at ys,, = 5.02 TeV

| ALICE p-Pb at ys,, = 5.02 TeV

PEAFORMANCE
[ 03/07/2013

ZP-A Energy (a.u.)

IS

(=]

=1
I

200

ol L

500 1000

1000
ZN-A Energy (a.u.) ZN-A Energy (a.u.)
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JCALING OF PAKRTICLE PRODUCTION

e Scaling studied by defining so called self-normalized signals <S>i/
<S>MB vs self-normalized mid-rapidity dNdeta(-1<eta lab<0)

w E — E
€ 2Ee\OA ring 1 € 2E=VOAring 1
5 1.6F" dN/dn(1.51<2.0) o 165" dN/dn(1.51<2.0) Pex
= T4FedN/dn(-2.0<n<-1.5) S 14bedN/dn(-2.0<n<-1.5) _A4— "
E 1.2 T E 12E =
5 1f*VOCring 1 /’ S E*VOCring 1 f,_,.,/
< osf 4 < 08f =
06F A4 06 &
04 & — 04 & —
0of © ALICE p-Pb |sy, = 5.02 TeV 02F ¥ ALICE p-Pb sy = 5.02 Tev
E1-1; | YR W I TR S [T SN S N SN T S [N SO T S N1 - E1_1:|IIIIIIIIIIIIIIIIIIIIIII
E 1 ;—i':"__-_:'- S _2_:;___—— =il -;_ﬁ*iﬁ_ :EE 1 ; -— * crrverrera—— ._E—""'L_._—"".-_-.F-"z—
e ————— o R e ———
04 08 0.8 1 1.2 1.4 1.6 04 06 08 1 1.2 14 1.6
(dN/dn / dN/dn ) (dN/dn / dN/dn )
e Fit: assuming mid-rapidity dNdeta scales with Npart
LINEAR POWER-LAW
(8)i _ _ (Npan)ms ( (dN /dn)i ) _ a ($)i _ (Npan?'fm_( (dN /dn)i )ﬁ
($)mp ((Npar)up—ot) \(dN/dN)mB /) 1nco ((Npart)mp— ) (St (NB s \(AN/dN)mB ) 1o
a = 0 — perfect Npart scaling B = 0 — perfect Npart scaling

o = 1 — perfect Ncoll (or Ntarget_part) scaling
a has clear meaning (Npart vs Ncoll scaling)
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{ncwms) (Pb-p)

Ring {ncms) (p-Pb)
VZERO-A ring 1 -5.39
QOA‘ l N@ Vg r] VZERO-A ring 2 -4.80
CMQ VZERO-A ring 3 428
VZERO-A ring 4 -3.82
VZERO-C ring 1 3.34
VZERO-C ring 2 2.82
VZERO-C ring 3 2.33
LINEAR POWER-LAW  vzerocringa | 136
T of. — «p-Pb T14f . pam— «p-Pb
2 ALICE p-Pb {5, =5.02TeV | P - * ALICE p-Pb |5,,=5.02TeV [B
foa s b N o soaing 19k :
e ey, = e
ﬁ%h}l‘% N 1.2 :— -..,-
0 T :
i ’Q‘. 1.1¢ gﬁ'&%
: ‘ai . B % .
5 S F ] M calimg
-1 * . It 5
; . : *
- e V0 - ? 0oF * VO oﬁ!,
20 ¢ Tracklets T [ ¢ Tracklets W)
r o dN/dn ] 08 dN,,/dn il
3F 4 dN,/dn(10<p, <20GeV/c) 0.7F * dN,/dn(10<p, <20GeVic) b
L . PHOBOS d-Au -+ PHOBOS d-Au
Y| I I T T T I T T N B (o [ T T I T T T T
R 0 2 4 R 0 2 4
n n
CMS CMS

‘PHOBOS d-Au dNdeta(eta) data, eta — 1.6*eta (beam rapidity RHIC - LHC)
«Similar dependence between our and PHOBOS data, except forward nucleus-going

direction

*High-pT and inner VZERO-A ring quite similar, delta(alpha)~0.2

*Mid-rapidity vs inner VZERO-A is not perfect Npart vs Ncoll scaling, delta(alpha)~1.2

SQM 2015
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4.45

3.87

3.35

2.89
-4.26
-3.74
-3.25
-2.78
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@PPB

'ALICE p-Pb sy = 5.02 TeV

- Charged particles [n | < 0.3

VOM .
0 B Syst. on(TpA>

Syst. on normalization

£ VOA ° 05% 40-60% L ZNA
OO' 18b 5-10% 60-80%
1.65— ® 10-20% ® 80-100% /ﬁ‘ﬁ++++++++ ——
F ® 20-40%
Se rﬁ
u.:::¢$:+ _+_—0—
0.23— — G-PYTHIA

:IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 5 10 15 20 25 30 ) 5 10 15 20 25 30
P; (GeV/c) p, (GeV/c)

SQM 2015 Alberica Toia

28



T
— —

—

Qpr 10<p_<20 GeV/c

'c»bom

SRS

o
o

© o o
o N A~ O

MEAN Q,,, AT P> 10 GEV

ALICE p-Pb s =

+ CL1 =
*VOM o

VOA Glauber-Gribov

5.02 TeV

—h
 ——

ft

| | | 1 I | | | | |
40 60 80

-
100 “»
Centrality (%) ac

Same “S-shape” dependence as seen

- from multiplicity bias (Glauber + NBD fit)
- from Toy-MC (Glauber + Pythia)

Shape flattens with increasing rapidity gap:
CL1-VOM—VOA
QpA flat for hybrids

SQM 2015

Alberica Tois

p-Pb collisions described as incoherent
superposition of nucleon-nucleon

- vs centrality from multiplicity |n| < 1.4
- only multiplicity bias
0 - strong deviation from N_

and high centralities.

-scaling at low

" ALICE p-Pb |5 = 5.02 TeV
ST : 7
- 7 |
- ZN+ N
] Pb-sid
“ZN + NCoside

o b e b b by

0 20 40 60 80 100

Centrality (%) g



Events (a.u.)

—

—

SQM 2015

CLAVBER-GKRIBOV

_I T | T 1T | T 1T | T TT | I'TTT | T I_ A FT T 11 1T T 1 | T 11 | T ||I
B I =
AL — ) £ EALICE p-Pb |
0"k Glauber-MC p-Pb {sy, = 5.02 TeV 3 S L/5,=502TeV el
n ¢ Sid-Glauber : 102k
o O Glauber-Gribov Q = 0.557 L N
0°F «  Glauber-Gribov = 1.013 S r
u . ] w . i
o ' S0 0B
0" O = E g - ]
: b, ] | . i
. B I:II:I l'. ] 1[]_4 ! s Data N =
0 ¢ 0 . E F _ Sid-Glauber (Q=0) N_ x NBD™, ]
: ' m T, ] ... Std-Glauber (0=0)N__ xNBD ', i
- - : L
oL \ qu] ++ _ 10° = —— Glauber-Gribov (Q=0.55) N_ x NBD gy E
g m 'ﬁijﬁf H * 3 F .—. Glauber-Gribov (2=0.55) N__ x NBD ' .
:||||||||||||||||||| L1l ||||: Con L Lo L 1y NS 2
0 10 20 30 40 50 60 0 100 200 300 400 500
Npart VOA (Pb-side) amplitude (arb. units)
Glauber Glauber-Gribov
Centrality (%) | Npan X NBD  Nggpx NBD | Npan x NBD  Negyx NBD
B- 5 14.8 14.9 17.8 19.2
5- 10 13.0 13.2 14.4 15.2
10- 20 11.7 11.8 12.0 12.5
20- 40 0.36 9.49 8.82 9.04
40 - 60 6.42 6.49 5.68 5.56
60 - 80 3.81 3.59 3.33 2.89
80 -100 1.94 1.85 1.80 1.43
0-100 6.87 6.87 6.73 6.75
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MULTIPLICITY IN PA

B | T T T | T T T | T I_
o5 pP-Pb, s, =5.02 _EY _____ N
B e ; f:';#_%‘:“vmxé
20~ ~ .
Q T esveevensy )
£ 15[t =
~ [ i
S L i
3 o HIJING: E
" « ALICENSD 31 no ghzaéj. 6]
- Sat. Models: B.EQSE‘: ' h[ ] ]
5 —- IP-Sat [5] B .0 I"I"lEJI shad. [4] 7
[ - KLN [3] BB2.0 with shad. [4]:
- e ICBK [ 7] - DPMJET [32] ]
| | 1 1 1 | 1 1 1 | 1 1

0 2 0 >

L

RAPIDITY DISTRIBUTION
« Data favors models that
Incorporate shadowing
e Saturation models predict much
steeper n-dependence which is no
seen in the data

ALICE Coll. Phys. Rev. Lett. 110, 032301 (2013)
SQM 2015

ENERGY DEPENDENCE
» ~15%below NSD pp collisions
« Similar to inelastic pp collisions
* 84% higher than in d—Au collisions at

Vs =0.2 TeV.
NN

L L L ' T rrrm L L
- PP (PP)NSD  Central AA oc g0-15 ]
B 4 ALICE ALICE A —
[ o CMS ATLAS ]
.. [ *CDF CMS T ]
T AL ¢ UAS NA50 L —
Zg- L UA1 BRAHMS i
~ [ *STAR PHENIX i
g 3 pp (PP} INEL STAR 1 &
- A ISR PHOBOS TEU_ -
h“_E - e UAS T P f:
< 2 - PHOBOS L A @f-"”?-i"s'ﬁ:m —
= - = AucErr y é-*’f'—%“"'ﬁ o< S .
| T S o PPLALICE |
- __._..,.-»m-'* ¥ dAu PHOBOS
- = pAu MNASS .
0 1 | | 11 III| 1 | 1 1 | III| 1 | | 1 1 111

102 10
\'Snn (GeV)



VETS R,

p-Pb (minimum bias) <15
& 2_ T T T [ T T T | T T T [ T T T | T T T [ m
= 1 8: minimum-bias p-Pb \s,, =5.02TeV
T =% charged jets ALICE Preliminary .
1.6~ anti-k; R=04, | _|<0.5 i 1
1'4:_ - charged hadrons, NSD, |ncms|<0.3 _: -
1.2 -
1
0.8 -
0.6 - uncertainty reference + = I
I L I Glauber (charged jets) 3
0.4 s %
0 1 | 1 I | | 1 | 1 | | ‘ 1 1 J_l 1 | | I :
Q 20 40 60 80 100

b

R
pP

B, (GeV/c)

~1 — no nuclear effects in pPb

Pb-Pb (central)

Pb-Pb |/s,,, = 2.76 TeV
0-10% Centrality

Charged+Neutral Jets
Anti-k; R = 0.2 n|<0.5
Leading charged track p.* 5 GeVi/c

ALICE

PRELIMINARY

p >0.15 GeV/c
T.const

Biased pp reference

IIIIIIiII|PIII|IIII|IIIIIIIII|IIIIJIIIIIIIII

peh*em (GeV/c)

T,jet

— suppression in PbPb is a final state effect

ALICEColl. Phys. Lett. B 741 (2015) 38-50

SQM 2015
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HEAVY FLAVOR

| - _l | T T ‘ T T T T T | | T T T I T | T T T T | | I_
£ | AucCE —apPb | Sy=502Tev | L T .
S 1 6; ; . 0.96<y <0.04 g ~4- ALICEb - (e +e )2, TPC-TOF, ALICE reference 4
w— "°L Average D°,D",D* oms 2 g F —4- ALICEbc — (e +e)/2, TPC-EMCal, ALICE reference 1
c B y o ] 5 25 -__ —# ALICEb,c (e +e /2, TPC-EMCal, FONLL reference _
g 1.4+ F Pbl' \SNN625'76 TeV— Tig B B normalization uncertainty ]
v, = -ycmslA< ’ 7 = i 3
o C —e— centrality 0-20% y E . i
-".§ 1-2:— 7 - —— centrality 40-80% . 2:— . HF Electrons E
N 1 s [ ]
SHR -|-+ Wi s i .
Al i "H+ ]-+---1 0
o SeCll. o E 3 1TH ]
- = MHEE L = i L] e ey i I (L T, < | N |/ — |
= 0.6} %%1 -—%—- - 5 (i - -
- G | I Pb-Pb x I % ]
0.4 Lll ; _L}_ ] . ! &
- "*"_ﬂ 1 Ei 7 B ALICE p-Pb,Vs_W=5.02 TeV, min. bias, -0.14 <y <106 7]
0-2 =t ] H‘ ] - ] | IPR?LIHIINFIIRY' P i o | I ol L |
B ] 0 2 4 6 8 10 12 . Wc;4
O_I | | | ‘ [ I | | | | 11 | l L1 1 | 11 | | | | |_ pT{ °
0 5 10 15 20 25
P, (GeV/ce)
. Rppb ~1 — no nuclear effects in pPb
— suppression in PbPb is a final state effect
ALICE Coll. Phys. Rev. Lett. 113 (2014) 232301
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FLOW, CRONIN 0k

1.8‘ [ T | [ | T T T | T | T | | | | | ' TT
% - charged particles
o

s 1.2 —
= ]
Q:ﬁ 1 |||||| ]
- ]
o 0.8 -
& :
0.6 J
0.4 4 ALICE (prel), pPb {5,,=502TeV, NSD, | 7_[<03
02F  * STAR G-Au 5 ,=02TeV, 7]<05 E

& PHENIX, d-Au |5, =02 TeV, | |<0.18

III|III|III|III|III|III|III|III|III|III|III_
DO 2 4 6 8 10 12 14 16 18 20 22
P (GeV/c)

To distinguish scenarios
look differentially!

SQM 2015 Alberica Toia

SATURATION?

LHC vs. RHIC data

e Cronin effect: “re-distribution” of
low-pT hadrons at higher pT due
to multiple (parton) scattering
larger at RHIC

First observed by Cronin

In PRD 11 (1975) 3105

— Multiple soft scatterings In

IS prior to hard scatter
(arXiv:hep-ph/0212148)

o flow: blue-shift of spectra
larger at LHC

e saturation: depletion of spectra

at low pT
larger at LHC
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R,, FOR PARTICLE SPECIEQ

a2
o [ Wi
s T ALICE prelimina
T 18- i .
1.6 a1 T
E ™ e :
L AL . | —1—{
1.4 l'TJ o
[ |h [ g B -
1.2 .:'_ ™ | =
- -phNAS L ks o o oo e
0.8 # |
& NSD, p- Ph\sNN—EDETeV = |
0.6 W] ®x,05<y, <0 forp <20GeVic
DE{_F q{DE{nrp > 2.0 GeV/ic
04 K +K, Dfn:yu <0 lc:rp < 2.8 GeVie
T H DS-.-:FGS-::DEI-tnrpT::EEGEWE
[ W1 p+h, l}f:-:ymﬁ-:ﬂ fﬂrﬂ < 3.0 GeV/c
0.2 U:Elc:y _<03forp_>3.0 GeVie
- . EIE-:].-r -:'EI
HI 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | I 1 1 1 1 1 I !
0 2 4 6 8 10 12 14
p. (GeV/c)

At intermediate pT
(Cronin region):
Indication of

mass ordering

— No enhancement
for pions and kaons
— Pronounced peak
for protons

— Even stronger for
cascades

Particle species dependence points to relevance of final state effects

SQM 2015 Alberica Toia
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DOUBLE KRIDGE

60-100%

p-Pb |5, = 5.02 TeV
60-100%

0-20%

2<p, <4GeVic

g p-Pb s, =5.02 TeV
<Paeeoe < 2 GeVic

0-20%

3 3
8 & oo
42 i3
K =S 04
¥ £
1—2‘.‘. g‘
,-|2_

3

1 zd\
2 - Y \ld

PLB 719 (2013),29-41
long range correlation:

2 <
1< pn”m <2 GeVic

meg <4 GeVic

Double (near+away side) ridge structure emerging
when subtracting per-trigger yield of low (60-100%)
from high-multiplicity (0-20%) events.

Near and away side
nearly identical
independent of mult.
— common underlying
physics?

ALICEColl. PLB 719 (2013), pp. 29-41
SQM 2015

1 2
-1 xo 12®
= 0.20r —
- i _ pPb [S=502 TeV
= = e O 0Fsp <P, <106V
0-15— A p Vo=p_ <P <20C
E ¢ O 2O=p, <Py, <40 Gevrie
o.10} } +
oos| ¢ I ) *
L 4% $ 1 + 1
F@ '{ 1 |
0.00 0=20% 20-40% I 40-60%
Eventclass

. p-Pb | s, = 5.02 TeV
T (0-20%) - (60-100%)
e

0.00

%

- =

B 088 p-Pb(s,=502TeY .« Dawm

= C (0-20%)-(60-100%) —— &+ 2a, cos 249 + 2&3 cos g

—.ﬂ 0861 2<p,, <4GeVic - 8428,00820¢

2 oy ep e <2GeV/c —— Baseline for yield extraction

Soga = HWING shifted

- e B

5

=

3

H

Ao (rad),
g PO (5, =502 TeY
= Mear zids Asay Side 15 =
@ 3 OB < 10; 5= = 1.0 Gelie
10— L ] (&) i P
e 0.10 B O 10<h,<20:05<8 0 <0GV
E A p = =240; 1'6{"',1'.-! =EhScle
- - v v 20-p_ 440 ;0E<p_ < /0 GeVic
@ L f * Y b= <40;104p_ <20 GeVic
s L N O <P <4R;Z0<p,_  <KOGEVC
[+
0.05— *
r 4 iﬂt.lﬁ’
4 £ %
® & i & ﬁ.}

40-60%
Event class

20=-30%



Rppb {mCM|<1)

SQM 2015

1.8
1.6

0.2
0

RPA ALICE VA ATLAS V@ CMC

——e—— CMS Preliminary charged particles

——=e—— ALICE charged particles

10 0
P, [GeV/c]

Alberica Toia

I ATLAS Preliminary |
B p+Pb Lim=1ub'1 .

i il +

0.6/§

(S=5.02TeV

[[———
—

|

|

|

[ 1

FLr,, _

¢ ATLAS |y|<0.5, 0-90%

% ALICE n__|<0.3, MinBias

2 4 6 8 1012 14 16 18 20 22
pT [GeV]
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pp @ 5 TeV reference for CMS

\ B CMS Preliminary
s&| 2 12F IR |
SE o }
e — 1 e <}———]l—-
a8 7
& 208k Y-S. Lai, CMS
1] PA: CMS PAS HIN-2015-001
= 3 0-6 - pp y/s=0.9,1.96,2.76,7 TeV — 5.02 TeV
210 4 [ (Repo): PRD 82 (2010) 119903, EPJC 72
S e (2012) 1945, JHEP 08 (2011) 086
o 0.2 (Updated): /s = 2.76 TeV from 2013
- V/s=7 TeV from 2011 }\
D | ] | ] ] | ] ] ] ] | ] ] ] ] | | ] ] ] |
0 50 100 150 200

pTack (GeV/c)

using updated 2.76 TeV and 7 TeV measurements
= what would the effect on the Rppp be”?



D. PEREPELITGA

HARD PROBES 2015

line these

up vertically...

2_ rri II| I I I LI II I I 1 LI L
1 gf. CMS PP |5y =5.02TeV, L =35 nb’ E
- e Charged particles, bn_ <1 .
1.6 ) T 1 4
* rim (ml . I_I'-I (] -1 1 h-
T - Sy i L { CMS Preliminary
1.2F e CHNEE T BB 12 11| [
= — n moEn '_||—|'_'I—l I_IIJ -1 u :
—r P SRS +—< >
m : ™ _.’ Ly gu I_.I—II_I : & :
n LI Hi 3 ) N
08F i 1 2osfF 1.0
- et <T p>=00983 mb! L —
D-ﬂ: T e . = 0.6 - pp y/5=10.9,1.96,2.76,7 TeV — 5.02 TeV
0 AE |:| Fully correlated syst. uncert. I :ID‘ 04F (Rgpp): PRD 82 (2010) 119903, EPJC 72
0.2 [] <T > uncertainty — 5 0.2F (Updated): /5= 2.76 TeV from 2013
[ - - V&= 7 TeV from 2011
o ﬂ_llllll ||||||||| ||||||||| ¥ Al Joag o o 1 4 4 1 4 4 4 . | u
2 0 50 100 150 200
1 10 10 gk Bevig

P, [GeV/c]
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D. PEREPELITAA o
urep proBed 2015w reference would eliminate

2_ | LI II| I I I LI II I I I LI A
1 gF. CMS PPD Sy, =5.02TeV, L =35 nb’! E
1 ﬁ:— —e— Charged particles, n_ I<1 ~ _:
1 .4:_ '_I.—.'_I;E:' B { ICME Preliminary
|— I_|-I:-|_| |
12 ol o L
SR S — Rty LR Sy B 4 € {"1“
- el 5
0.8 :::-'uu“ —
ﬂ-ﬁf—:*g:”uuu <Tppy™ = 0098 _f 274 7 TeV — 5.02 TeV
0 4:_ [] Fully correlated syst. uncs E Agpy): PRD BEEEEI‘ID] 19903, EPJC 72
T E DT{:taI gyst. uncert. i (2012) 145, J EP 08 i2011) 086
{]2:— [] <Te™ uncertainty —: L 2. 76 JeV from 2013
- | | . fa} 7 Te from 2011 |
0 | 140 150 200

10
EJGEVM]

70-100 GeV 70-100 GeV
(log scale) (linear scale)
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MEAN P,

ALICE, charged partices 1 PP Nigh-mult through multiple parton interactions
ORI 4 BUT incoherent production — same <pt>

— Color reconnection: strings from independent
mewese 1 PArton interactions do not independently produce
»wonck 1 hadrons, but fuse before hadronization

= with CR

pp (s=7TeV

® [ata

p r} (GeVic)

-----
et g
T [
........
L

So 1 — fewer, but more energetic, hadrons

8 o s 1 Sign of collectivity?

Eamu I
y RS oo i pPb: features of both
5 -=mme 1 less saturation than in PbPb — higher <pt>
S g A AMPT E . ..

045 —sawewc 1 SlQgnN oOf collectivity? . —+
© o7 I E 2 0_9:— ALICE, charged particles
% it “ . % {].85:— | |13|<:{]_31{]_15<:pT<:1[}_[} GeVlc ]
:_{ET;_ R T — e p—— :....,T.,.....-..-n-..-....,.r.-..'.::_ ,- Pbe: hlgh—mUIt fron‘i% 085_ ]
MY el e aseiets| SUPETPOSItion of 3“0?; :

055 Ll il ey | DAITON INtEractions, o

Po-Pb s =276TeV 4 collective flow o

" 4 Data : 065F
B ————%—— %% — Mmoderate Ny
New | <pt> T E
ALICE Coll. PLB 727 (2013) 371 increase of <pt 0.5 ¥ opp (5= 7 TeV ]
i" up-Pb |5, =5.02TeV ]
' A Pb-Pb s =276 TeV ;
048 =% 40 s0 80 100
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\

( Strip )‘ (' Drift ) ( Pixel )

TRACKING
CHAMBERS

ZDC i ‘
~116m from P, - - -

Muon Arm
-4 <] <-25

> TRIGGER
\CHAMBERS
ZDC
~116m from L.P,

Central Barrel
Tracking, PID
In|<0.9

Technologies:18

— Tracking: 7
Detector: PID: 6
Size: 16 x 26 meters Calo.: 5

SQM 2015 Alberica Toia Weight: 10,000 tons
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