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#1 jet quenching in pA ?



RpPb [charged hadrons]
� consistent with 1 at high-pt for MB

� NO quenching

� need centrality dependence for 
definite answer

4 The ALICE Collaboration

nuclear overlap 〈TpPb〉, calculated employing the Glauber model [17], which gives 〈TpPb〉= 0.099±0.005
mb−1. The uncertainty is obtained by varying the parameters in the Glauber model calculation, see [11].

The pT spectra of charged particles measured in NSD p–Pb collisions at
√sNN = 5.02 TeV are shown in

Fig. 1 together with the pp reference spectrum. At high pT, the pT distributions in p–Pb collisions are
similar at to that in pp collisions, as expected in the absence of nuclear effects. There is an indication of
a softening of the pT spectrum when going from central to forward pseudorapidity. This is a small effect,
as seen in the ratios of the spectra for forward pseudorapidities to the one at |ηcms|< 0.3, shown in Fig. 1
(lower panel).

In order to quantify nuclear effects in p–Pb collisions, the pT-differential yield relative to the pp reference,
the nuclear modification factor, is calculated as:

RpPb(pT) =
d2NpPbch /dηdpT

〈TpPb〉d2σ ppch /dηdpT
, (1)

where NpPbch is the charged particle yield in p–Pb collisions and σ ppch is the cross section for charged
particle production in pp collisions. The nuclear modification factor is by construction unity for hard
processes which are expected to exhibit binary collision scaling. For the region of several tens of GeV,
binary collision scaling was experimentally confirmed in Pb–Pb collisions at the LHC by the recent
measurements of observables which are not affected by hot matter, direct photon [18], Z0 [19], and
W± [20] production, which showed a nuclear modification factor around unity. The present measurement
in p–Pb collisions extends this important experimental verification down to the GeV scale and to hadronic
observables.
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Fig. 2: The nuclear modification factor of charged particles as a function of transverse momentum in NSD p–Pb
collisions at √sNN = 5.02 TeV. The data for |ηcms|< 0.3 are compared to our measurements [8] in central (0-5%
centrality) and peripheral (70-80%) Pb–Pb collisions at√sNN = 2.76 TeV. The statistical errors are represented by
vertical bars, the systematic ones by (filled) boxes. The relative systematic uncertainties on the normalization are
shown as boxes around unity near pT = 0 for p–Pb (left box), peripheral Pb-Pb (middle box) and central Pb-Pb
(right box).

The measurement of the nuclear modification factor RpPb for charged particles at |ηcms|< 0.3, is shown in
Fig. 2. The uncertainties of the p–Pb and pp spectra are added in quadrature, separately for the statistical

ALICE [1210.4520]
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how to measure centrality in pA collisions ?



centrality dependence of RdAu [π0 and jets] 


� quenching ?

�� something MUST not be quite right here

High&pT&π0&and&jets&

•  Enhancement&in&peripheral,&slight&suppression&in&central&
•  Surprisingly&strong&centrality&dependence&
•  CompeJng&cold&nuclear&maLer&effects?&
•  Auto.correlaJons&between&high&pT&processes&&&centrality&measure?&
•  Cross&check&with&p+Si&(light&ion):&&no&centrality&selecJon&necessary&(RHIC&Run&2015&)&
6/18/13& h3QCD&workshop,&ECT*,&Trento& 12&
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how to measure centrality in pA collisions ?



dijet asymmetry 

� no [<2%] enhanced asymmetry [also, as in PbPb, no disturbance of azimuthal 
distribution]  for all ‘centrality’ classes :: NO quenching

� HOWEVER, asymmetry rather insensitive to small losses 

�� compare with 15% effect for most central PbPb

6.1 Dijet momentum balance 5
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Figure 3: Dijet transverse momentum ratio (pT,2/pT,1) distributions for leading jets with
pT,1 > 120 GeV/c, subleading jets of pT,2 > 30 GeV/c and Df1,2 > 2p/3. The first panel repre-
sents the minimum bias collisions without any selection on the HF transverse energy EHF[|h|>4]

T ,
while the next five panels show the distributions in different EHF[|h|>4]

T classes. Results for pPb
events are shown as red solid circles, while results for the simulated pp reference are shown as
blue hatched histograms. The black histograms show the results for PYTHIA+HIJING simulated
events. The arrows show the mean values of the distributions. The error bars represent the
statistical uncertainties and the total systematic uncertainties are shown as yellow boxes.

6.1 Dijet momentum balance

As a function of collision centrality (i.e., the degree of overlap of the two colliding nuclei), dijet
events in PbPb collisions were found to have an increasing momentum imbalance [8, 9, 11].
The same analysis is performed in pPb collisions. To characterize the dijet momentum balance
(or imbalance) quantitatively, we use the dijet transverse momentum ratio pT,2/pT,1. As shown
in Fig. 3, pT,2/pT,1 distributions measured in pPb data and PYTHIA agree within the systematic
uncertainty in different EHF[|h|>4]

T intervals, including the event class with the largest forward
calorimeter activity (0–2.5%). The residual difference in the dijet momentum ratio between
data and PYTHIA+HIJING simulation is due to the slightly better jet energy resolution in MC
simulation compared to data. In order to compare the dijet pT ratio distribution to that in PbPb
collisions, PbPb data collected at

p
sNN = 2.76 TeV passing the same dijet selection are re-

weighted to match the EHF[|h|>4]
T distributions measured in each HF activity class. Within the

large statistical uncertainty in PbPb data, the dijet pT ratio spectra in PbPb and pPb collisions
are consistent with each other.

6.2 Dijet azimuthal correlations

Earlier studies of the dijet and photon-jet events in heavy-ion collisions [8–11] have shown very
small modifications of dijet azimuthal correlations in PbPb collisions despite the large changes

CMS [PAS HIN-13-001]



where [else] to look ?
� jet R[p/A]A very sensitive to small losses

�� in fact, totally insensitive to energy loss distribution

• RAA = jets in bin - all losses + ‘feed down’ = unmodified jets

�� RAA < 1 even for rather non-central collisions

�� centrality dependence of RpA
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how to measure centrality in pA collisions ?



final state effects [quenching] sufficiently small for reliably 
use of jet observables to test/constrain initial state [nPDFs]



excellent news
√

s

H Paukkunen [private communication]

� excellent EPS09NLO 
description of dijet pseudo-
rapidity distribution for MB 
data

� data sufficient to distinguish 
between parametrizations 
[EPS vs DSSZ]

√
s



further nPDF tests [with MB data]

� RHIC and LHC probe different regions of nuclear modification

� migration of maximum beyond reach follows from [as in DGLAP evolution] nuclear 
modification of the longitudinal parton momentum distribution

� other approaches [CGC, final state rescattering] involve transverse dynamics

�� result in mild shift :: test collinear factorization

2

in the nPDF fi/A(x,Q
2). It is customary to characterize

nuclear effects by the ratios

RA
i (x,Q

2) ≡ fi/A(x,Q
2)
/

fi/p(x,Q
2) . (2)

In global nPDF analyses, characteristic deviations of
RA

i (x,Q
2) from unity are found for all scales of Q2 tested

so far and for essentially all scales of the momentum frac-
tion x. These effects are typically referred to as nuclear
shadowing (x <∼ 0.01), anti-shadowing (0.01 <∼ x <∼ 0.2),
EMC effect (0.2 <∼ x <∼ 0.7) and Fermi motion (x >∼
0.7). A typical example for the nuclear x-dependence of
RA

i (x,Q
2) is shown in the upper left plot of Fig. 1.

Nuclear effects on single inclusive hadron production
are typically characterized by the nuclear modification
factor Rh

pA, which depends on the transverse momentum
pT and the rapidity y of the hadron,

Rh
pA(pT , y) =

dσpA→h+X

dp2T dy

/

NpA
coll

dσpp→h+X

dp2T dy
. (3)

Here, NpA
coll denotes the average number of equivalent

nucleon-nucleon collisions in a pA collision. It is deter-
mined by Glauber theory, which can be subjected to in-
dependent phenomenological tests. The lower left plot of
Fig. 1 shows the nuclear modification factor Rπ0

dAu(pT , y)
for the production of neutral pions in

√
sNN = 200

GeV deuteron-gold collisions at RHIC, calculated within
the factorized ansatz (1) at leading order (LO). Re-
sults shown in Fig. 1 are also consistent with the NLO-
calculation of Rπ0

dAu(pT , y) in [1]. All our calculations use
LO PDFs from CTEQ6L [10] with nuclear modifications
EPS09LO [1] and the KKP fragmentation functions [11].
We have checked our conclusions for another set of frag-
mentation functions [12] (data not shown).
The pT -dependence of the nuclear modification factor

traces the x-dependence of nPDFs. The precise kine-
matic connection between the momentum fractions x1,
x2 and the measured hadronic momentum pT is com-
plicated by the convolution of the distributions in (1).
Qualitatively, at fixed rapidity y of the produced hadron,
increasing pT tests larger values of x1, x2. Inspection of
the nuclear modification factor in the lower left panel
of Fig. 1 reveals that the enhancement of Rπ0

dAu(pT , y)
in the region around pT $ 4 GeV at mid-rapidity tests
momentum fractions in the anti-shadowing region. The
RHIC data [6] in Fig. 1 have been used in constraining the
nPDF analysis EPS09 [1] but they were not employed in
a closely related nPDF fit [3], which provides an equally
satisfactory description of these RHIC data. Therefore,
the agreement of data and calculation in Fig. 1 is in sup-
port of collinear factorization.
However, qualitatively different explanations of the

Rπ0

dAu(pT , y) measured at RHIC are conceivable. The

above calculation accounted for Rπ0

dAu(pT , y = 0) in terms
of a nuclear modification of the longitudinal parton mo-
mentum distribution, only. Alternatively, it has been
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FIG. 1: (left,top) The ratio (2) of nuclear to nucleon PDFS for
valence up-quarks at Q2 = (10GeV)2 obtained in the EPS09
LO analysis. Dashed lines characterize the range of uncer-
tainties. (left,bottom) The nuclear modification factor (3) for
neutral pion production in

√

sNN = 200 GeV dAu (RHIC).
Data from PHENIX [6] are compared to a EPS09 LO cal-
culation. Hereafter, uncertainty bands are from EPS09 LO
only (uncertainties from proton PDFs and FF are neglected).
(right, bottom) ibidem, for

√

sNN = 8.8 TeV pPb (LHC).
(right, top) The corresponding single inclusive pion spectra.
The thin vertical line denotes the kinematic range with statis-
tics of more than 1000 events per GeV-bin after one month
of LHC operation with pPb.

suggested (see e.g. [13]) that the characteristic enhance-
ment of Rh

pA(pT , y) in the pT -range of a few GeV (typi-
cally referred to as Cronin effect [9]) can be understood
in terms of transverse parton momentum broadening in-
duced by multiple scattering. Transverse nuclear broad-
ening is the prototype of a generic nuclear modification,
for which we do not know whether and how it could be
absorbed in collinear, process-independent nPDFs. How
can one test whether the physics underlying Rh

pA(pT , y)
can be attributed to a nuclear modification of longitudi-
nal parton momentum distributions and thus can indeed
provide reliable quantitative constraints on nPDFs? To
address this question, we have calculated Rπ0

pPb(pT , y) for
the production of neutral pions in proton-lead collisions
at the LHC, see the right hand side of Fig. 1.

The LHC can collide protons and Pb ions with a max-
imum center of mass energy of

√
sNN = 8.8TeV. While

pPb is not yet part of the initial LHC program, there
are estimates [14] that without major upgrades a lumi-
nosity of Lp Pb = 1029 cm−2 s−1 could be achieved. With
these assumptions, we find that running the LHC for one
month would allow one to map out the single inclusive π0-
spectrum up to transverse momenta well above pT $ 50
GeV (see Fig. 1).

Remarkably, if the entire nuclear effect in pPb colli-
sions can be factorized into nPDFs, then the shape of
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suggested (see e.g. [13]) that the characteristic enhance-
ment of Rh

pA(pT , y) in the pT -range of a few GeV (typi-
cally referred to as Cronin effect [9]) can be understood
in terms of transverse parton momentum broadening in-
duced by multiple scattering. Transverse nuclear broad-
ening is the prototype of a generic nuclear modification,
for which we do not know whether and how it could be
absorbed in collinear, process-independent nPDFs. How
can one test whether the physics underlying Rh
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can be attributed to a nuclear modification of longitudi-
nal parton momentum distributions and thus can indeed
provide reliable quantitative constraints on nPDFs? To
address this question, we have calculated Rπ0
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the production of neutral pions in proton-lead collisions
at the LHC, see the right hand side of Fig. 1.

The LHC can collide protons and Pb ions with a max-
imum center of mass energy of

√
sNN = 8.8TeV. While

pPb is not yet part of the initial LHC program, there
are estimates [14] that without major upgrades a lumi-
nosity of Lp Pb = 1029 cm−2 s−1 could be achieved. With
these assumptions, we find that running the LHC for one
month would allow one to map out the single inclusive π0-
spectrum up to transverse momenta well above pT $ 50
GeV (see Fig. 1).

Remarkably, if the entire nuclear effect in pPb colli-
sions can be factorized into nPDFs, then the shape of



rapidity scan

� measurements in different rapidity windows probe different x regions 

�� displacement of transitions a definite [and qualitative] test of collinear 
factorizationExploiting the wide rapidity range
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FIG. 11: The nuclear modification factor Rp+Pb for single inclusive charged hadrons in minimum-bias p+Pb collisions at
5 TeV collision energy at rapidities 0, 2, 4 and 6. The grey bands at y=0 and 2 correspond to the rcBK-MC results using
kt-factorization, Eq. (13). In turn, the yellow bands at η = 2, 4 and 6 have been obtained using the LO hybrid formalism,
Eq. (19), in minimum bias collisions. The blue bands between the dotted lines also correspond to LO hybrid results for
collisions with a centrality cut Npart > 10. Finally the dashed dotted curves at η = 2, 4 and 6 correspond to minimum bias
collisions calculated within the hybrid formalism incl. the inelastic term from Eq. (20) with αs = 0.1.

most forward rapidities.
In Fig. 12 we show Rp+Pb for two different centrality classes selected according to the number of participant

nucleons12. At pt = 1 GeV we observe the expected pattern of stronger suppression (smaller Rp+Pb) for more
central collisions. In the Npart > 10 centrality class suppression now persists up to pt = 2− 3 GeV.
For the UGD with γ = 1 MV-model initial condition (lower end of the bands in Fig. 12) one observes, generically,

the expected pattern: i) at y = 0 there is suppression at low pt while Rp+Pb → 1 with increasing pt as the rapidity
evolution window shrinks; ii) there is slightly stronger suppression at low pt for Npart > 10 central collisions while
the centrality cut has very little effect at high pt; iii) the suppression increases with rapidity and Rp+Pb < 1 for
all pt <∼ 10 GeV at y = 2.
The behavior of Rp+Pb with AAMQS UGDs (γ = 1.119 initial condition, upper end of the bands in Fig. 12) in

central collisions is more intricate. At pt = 1 GeV we still find the expected decrease of Rp+Pb both with centrality
and rapidity. However, for pt >∼ 4 GeV we find that Rp+Pb is very similar at y = 0 and y = 2. This UGD exhibits
rather non-linear (in the valence charge density) anti-shadowing at high intrinsic kt and so particle production at
high pt in p+Pb collisions is dominated by fluctuations corresponding to a high valence charge density in the Pb
target (high Npart). This can be seen from the fact that at y = 2 and high pt there is little difference between the
minimum bias and Npart > 10 centrality classes.

12 In p+A collisions it is not straightforward experimentally to perform centrality selection via impact parameter cuts. Also, because
of large fluctuations impact parameter bins correspond to rather broad distributions of Npart.
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5 TeV collision energy at rapidities 0, 2, 4 and 6. The grey bands at y=0 and 2 correspond to the rcBK-MC results using
kt-factorization, Eq. (13). In turn, the yellow bands at η = 2, 4 and 6 have been obtained using the LO hybrid formalism,
Eq. (19), in minimum bias collisions. The blue bands between the dotted lines also correspond to LO hybrid results for
collisions with a centrality cut Npart > 10. Finally the dashed dotted curves at η = 2, 4 and 6 correspond to minimum bias
collisions calculated within the hybrid formalism incl. the inelastic term from Eq. (20) with αs = 0.1.

most forward rapidities.
In Fig. 12 we show Rp+Pb for two different centrality classes selected according to the number of participant

nucleons12. At pt = 1 GeV we observe the expected pattern of stronger suppression (smaller Rp+Pb) for more
central collisions. In the Npart > 10 centrality class suppression now persists up to pt = 2− 3 GeV.
For the UGD with γ = 1 MV-model initial condition (lower end of the bands in Fig. 12) one observes, generically,

the expected pattern: i) at y = 0 there is suppression at low pt while Rp+Pb → 1 with increasing pt as the rapidity
evolution window shrinks; ii) there is slightly stronger suppression at low pt for Npart > 10 central collisions while
the centrality cut has very little effect at high pt; iii) the suppression increases with rapidity and Rp+Pb < 1 for
all pt <∼ 10 GeV at y = 2.
The behavior of Rp+Pb with AAMQS UGDs (γ = 1.119 initial condition, upper end of the bands in Fig. 12) in

central collisions is more intricate. At pt = 1 GeV we still find the expected decrease of Rp+Pb both with centrality
and rapidity. However, for pt >∼ 4 GeV we find that Rp+Pb is very similar at y = 0 and y = 2. This UGD exhibits
rather non-linear (in the valence charge density) anti-shadowing at high intrinsic kt and so particle production at
high pt in p+Pb collisions is dominated by fluctuations corresponding to a high valence charge density in the Pb
target (high Npart). This can be seen from the fact that at y = 2 and high pt there is little difference between the
minimum bias and Npart > 10 centrality classes.

12 In p+A collisions it is not straightforward experimentally to perform centrality selection via impact parameter cuts. Also, because
of large fluctuations impact parameter bins correspond to rather broad distributions of Npart.

Albacete, Dumitru, Fujii, Nara  [1209.2001]



nPDF vs nPDF

� if collinear factorizability survives pA data

�� rapidity scan can distinguish between parametrizations 4
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pPb (3) for
√

sNN = 8.8 TeV pPb (LHC), from two
different sets of nPDFs.

within the framework of a collinearly factorized approach,
one does not know of sizeable corrections to (1) in the
range 20 < pT < 40 GeV, which will be uniquely accessi-
ble at LHC and where characteristic rapidity-dependent
features are seen in Fig. 2.

So far, we have emphasized that well beyond quan-
titative improvements, pPb collisions at the LHC have
the potential to submit the very assumption of collinear
factorization to decisive tests. In particular, a strong
suppression of Rh

p Pb(pT , y = 0) at high pT > 10 GeV,

or the persistence of the maximum of Rh
p Pb(pT , y = 0)

at pT < 10 GeV is inconsistent with all current nPDFs
and it tests an x-range for which existing data provide
constraints. Therefore, if observed, such features would
shed significant doubt on the use of the factorized ansatz
(1) for calculating nuclear effects, while they could be
accounted for naturally in the context of qualitatively
different dynamical explanations, mentioned above.

Despite these perspectives for qualitative tests of
collinear factorization, we caution that current global
analyses of nPDFs come with significant uncertainties.
While not all conceivable data on Rh

p Pb(pT , y) at the
LHC can be accommodated within a collinearly factor-
ized approach, a significant spread could. To illustrate
this, we have compared in Fig. 3 the nuclear modifica-
tion factor for two nPDF sets, which are known to show
marked differences. In particular, in contrast to EPS09,
the gluon distribution of HKN07 [5] does not show an
anti-shadowing peak but turns for x > 0.2 from suppres-
sion to strong enhancement at initial scale Q2 = 1GeV2.
Inspection of Fig. 3 reveals that for HKN07, the size

and position of the maximum of Rh
p Pb(pT , y) at nega-

tive y arises from an interplay between the nuclear en-
hancement of the gluon PDF (which increases with x and
hence with pT ) and the relative contribution of the gluon
versus the quark distribution to Rh

p Pb(pT , y) (which de-
creases with pT ). Fig. 3 thus illustrates that within the
validity of a collinearly factorized approach, LHC data
can resolve the qualitative differences between existing
nPDF analyses and can improve significantly and within
a nominally perturbative regime on our knowledge of nu-
clear gluon distribution functions. Data on other single
inclusive particle spectra and jets in pPb at the LHC can
further constrain global nPDF analysis, thereby testing
the concept of collinear factorization of nuclear effects
and improving our knowledge of nPDFs as long as this
test is passed.
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quenching in small media
� if there is flow [free path length << L], a medium is formed

�� the presence of a medium leads to colour decorrelation effects which result in 
modifications of hadronic outcome which subsist for large pt 

• single colour exchange with medium sufficient to ‘quench’ hard partons [break-
up of colour flow]

� if there is a medium, ‘jet quenching’ effects should be seen 

� final state dynamics precludes direct use of pA data for nPDF extraction when 
quenching present



colour flow and hadronization

� colour of all jet components rotated by interaction with medium

�� colour correlations modified with respect to vacuum case

• theoretically controllable within a standard framework [opacity expansion] 
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colour flow and hadronization

� colour of all jet components rotated by interaction with medium

�� colour correlations modified with respect to vacuum case

• theoretically controllable within a standard framework [opacity expansion] 

Beraudo, Milhano, Wiedemann [1109.5025, 1204.4342]
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colour flow and hadronization

� colour correlations modified with respect to vacuum case

�� essential input for realistic hadronization schemes
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Figure 13. The pT and η distributions of the hadrons from the fragmentation of the Lund strings shown

in Fig. 12. Both the quark and the gluon are emitted at midrapidity at relative angle φ = 0.1. Left

panel: fragmentation pattern in the FSR (in red) and ISR (in green) color channels. Right panel: rapidity

distribution of the hadrons in the ISR channel. The sharpest peak around to η = 0 (continuous line) comes

from the fragmentation of the leading string. The pattern “broad peak + plateau” (dashed line) arises

from the fragmentation of the subleading string, connected to the beam remnant (hence the long plateau).

Also shown (dot-dashed line) is the case in which both endpoints of the subleading string are attached to

a medium particle.

there is hadronic yield in a transverse momentum range that exceeds the pT of the leading quark.
In the Lund model, this accounts for the fact that QCD is a finite resolution theory in which a

perturbatively radiated gluon does not automatically increase the hadronic multiplicity by order
unity or more: it is not necessarily ‘lost’ but, remaining color-connected with the other daughter of
the branching, may still contribute to the formation of the leading hadron. In contrast, the ISR case

(green curve) clearly shows that medium modification of color connections between the radiated
gluon and the projectile fragment results in a softening of the hadron distribution: all hadronic

yield above pT is suppressed and an additional contribution arises at soft momenta below kT . The
reason is that, for the ISR contribution, the color-decohered gluon and quark belong to different
strings and thus cannot contribute to the same leading hadronic fragment. Therefore, hadronic

multiplicity increases by construction with each color-decohered gluon by order unity or more, and
the additional multiplicity is found in soft fragments of transverse momentum lower than kT , which

is much smaller than pT .
These differences in the color flow of the ISR and FSR contribution have consequences for

the distribution of hadronic fragments. In particular, the fragmentation of the Lund string of
a vacuum-like (FSR) contribution results mainly in semi-hard and hard hadrons. For instance,
fragmentation of the FSR string of total energy ∼ 55 GeV in Fig. 13 yields on average 〈Nh〉 = 5.4

hadrons, of which 3.9 carry pT > 2 GeV transverse momentum. Since the multiplicity of Lund

strings grows only mildly with the total length and with the number of small kinks, the string

– 27 –

generic [robust] effects:
•softnening of hadronic spectra
•lost hardness recovered as soft multiplicity

•at work even if radiative energy loss 
kinematically unviable

•single medium interaction sufficient

•survives branching after medium escape

fragmentation in vacuum NOT the same as using vacuum FFs = final state 
nuclear effects



#2 centrality dependence
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thanks to N Armesto

� factorized dependence on nuclear 
thickness

� very mild [as in tiny] dependence at 
scales relevant for CMS measurement 
[Q2 = 104 GeV2, x>0.001]



dijet η distribution :: centrality dependence
� forward [4<|η|<5] activity ETHF 

as centrality proxy

� with increasing ‘centrality’

�� very large shift of average

�� significant narrowing
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Figure 5: Distributions of dijet pseudorapidity (hdijet) defined as (h1 + h2)/2 for leading jets
with pT,1 > 120 GeV/c, subleading jets of pT,2 > 30 GeV/c and Df1,2 > 2p/3. The first
panel represents the minimum bias collisions without any selection on the HF transverse en-
ergy EHF[|h|>4]

T , while the next five panels show the distributions in different EHF[|h|>4]
T classes.

Results for pPb events are shown as red solid circles, while results for the simulated pp ref-
erence are shown as blue hatched histograms. The black histograms show the results for
PYTHIA+HIJING simulated events. The arrows show the mean values of the distributions. The
error bars represent the statistical uncertainties and the total systematic uncertainties are shown
as yellow boxes.
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Figure 6: Dijet pseudorapidity distributions in the 5 HF activity classes. (Left panel) The distri-
butions are normalized by the number of selected dijet events. (Right panel) The distributions
are normalized by the number of dijet events with hdijet > 0.
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Figure 7: Summary of the dijet measurements as a function of EHF[|h|>4]
T . (Upper left panel)

Fitted Df1,2 width (s in Eq. 1). (Upper right panel) Average ratio of dijet transverse momentum.
(Lower left panel) Mean of hdijet distribution. (Lower right panel) Standard deviation of hdijet
distribution. All panels show pPb data (red solid circles) compared to the PYTHIA+HIJING
MC simulation (black open circles) and PYTHIA (blue band, where the band width indicate
statistical uncertainty). The yellow boxes indicate the systematic uncertainties and the error
bars denote the statistical uncertainties.



dijet η distribution :: centrality dependence

� MB as reference [excellent EPS09NLO description]

�� very large ‘centrality’ dependence

• EPS09s impact parameter dependence can account at most for a few %
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dijet η distribution :: centrality dependence

� MB as reference [excellent EPS09NLO description]

�� very large ‘centrality’ dependence

• EPS09s impact parameter dependence can account at most for a few %
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what does ETHF select ?



a possible physical bias

� dijet system with pt,1 = 120 GeV

�� both jets with η≈0 :: Edijet ≈ 240 GeV

• minimal constraint on available energy for UE

�� ηdijet ≈ -2 [relative to CM] ::  Edijet ≈ 1 TeV

• could constrain energy available for UE

� the other way round

�� low forward activity :: minimal constraint on energy available for hard process

�� high forward activity :: limited energy for hard process

• suppression of dijets with large |ηdijet| :: narrowing of distribution

�� should also be present in pp...



a possible physical bias :: pp sketch

� pp@5 TeV with UE, PYTHIA8, anti-kt R=0.4

�� small but clear narrowing [modest activity :: statistics]

�� correlation between activity and hard process

thanks to G Salam
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a possible physical bias :: pA sketch
� reliable MC with correlated hard process + UE

�� HIJING/HYDJET ???????

� increase in activity on nuclear fragmentation side [HFplus] comes cheaply

�� REALLY should be related to centrality

� increase in activity on proton fragmentation side [HFminus] has a high price

�� only one nucleon available 

�� high HFminus activity implies reduction of energy available for hard process

• ISR :: softening of PDF ::  deplection of hard modes :: displacement of CM 
of hard process

�� from lowest to highest total activity, HFminus grows by factor 2.5

• extremely naively CM of hard process displaced by arccosh[2.5] ≈ 1.5 
from pA CM

�� suppression of large η dijets centered around η ≈ 1.1



a possible physical bias :: gaussian game

� gaussian fit lowest activity distribution 

� introduce distortion to mimic energy interplay of hp and UE [also gaussian]

� fit distortion to reproduce highest activity distribution
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to discuss

# can what I discussed by argued away ?

# if not, can the bias be removed from data

:: increasing HFplus at fixed HFminus ?

# relation of increasing HFminus to ISR is very 
interesting physics



to discuss

how to measure centrality in pA collisions ?

# can what I discussed by argued away ?

# if not, can the bias be removed from data

:: increasing HFplus at fixed HFminus ?

# relation of increasing HFminus to ISR is very 
interesting physics
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