
8 8 Results

 (GeV)γ

T
p

40 50 60 70 80 90 100

> γJ
<X

0.6

0.7

0.8

0.9

1

1.1

pPb DATA
pp DATA (2.76 TeV)
PYTHIA+HIJING

CMS Preliminary

=5.02 TeVNNs
-1pPb 30.4 nb

-1pp 5.3 pb

 (GeV)γ

T
p

50 60 70 80 90 100

> γJ
<X

0.6

0.7

0.8

0.9

1

1.1

PbPb 30-100%
Smeared pp reference

CMS Preliminary

=2.76 TeVNNs
-1bµPbPb 150 

-1pp 5.3 pb

 (GeV)γ

T
p

50 60 70 80 90 100

> γJ
<X

0.6

0.7

0.8

0.9

1

1.1

PbPb 0-30%
Smeared pp reference

CMS Preliminary

=2.76 TeVNNs
-1bµPbPb 150 

-1pp 5.3 pb

Figure 4: Average jet over photon transverse momentum ratio (hxJgi) of the recoiled jets in
(left) pPb, unsmeared pp, and PYTHIA+HIJING, (middle) smeared pp and peripheral PbPb,
and (right) smeared pp and central PbPb. The pp results were smeared by the relative jet
energy resolution in order to account the underlying event fluctuation when compared to PbPb
data. The shaded boxes represent the systematic uncertainty while the lines through the points
represent the statistical uncertainty.

8.4 Jet yield ratio

In order to illustrate the medium modification of the associated jet pT spectra, the ratio of the
associated jet yield in PbPb and smeared pp events, IAA, is also shown in Fig. 6. The associated
yield is suppressed by a factor of two in low p

g
T bins. As p

g
T increases, an excess of jets appears

at low p
Jet
T in central PbPb as the increased phase space at high p

g
T allows the quenched jets to

remain above the kinematic cuts.

8.5 Updated pp photon+jet reference

The high statistics pp data taken in 2013 is analyzed and compared to the published PbPb data
from Ref. [15] in order to replace the previous Monte Carlo reference. The centrality distribu-
tion of xJg for PbPb collisions with p

g
T > 60 GeV/c is shown in Fig. 7. When compared to the

smeared pp data, the PbPb collision data exhibit a change in shape, shifting the distribution
towards lower xJg as a function of centrality.

To study the centrality evolution of the DfJg shape in pp and pPb collisions, the distributions
are fitted to a normalized exponential function:

1
NJg

dNJg

dDfJg
=

e
(Df�p)/s

(1 � e�p/s) s
. (2)

The fit is restricted to the exponentially falling region Df > 2p/3. The results obtained from
PbPb collisions and smeared pp data are consistent with each other as shown in Figure 8a.
Figures 8b,c show the results RJg and hxJgi in pp and PbPb collisions as a function of event
centrality. Despite the fact that RJg obtained from PYTHIA+HYDJET MC is slightly higher than
that in the pp data, the updated pp reference confirms the observation of away-side jet energy
loss that was based on the comparison between PbPb data and PYTHIA+HYDJET reference.

Constraints on jet quenching in p–Pb collisions ALICE Collaboration

The Drecoil distributions for EA-selected event populations and for the MB population shown in Fig. 3
are all qualitatively similar. Measurement of the dependence of the Drecoil distribution on EA selection
is therefore carried out using the ratios of such distributions, denoted REA, to maximize the sensitivity to
variations with EA.
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Fig. 4: Ratio of Drecoil distributions for events with high and low EA measured in p–Pb collisions at
p

sNN =

5.02 TeV. Left panels: V0A 0–20% / 50–100%; right panels: ZNA 0–20% / 50–100%. Upper panels: R = 0.2;
lower panels: R = 0.4. The grey boxes show the systematic uncertainty of the ratio, which takes into account the
correlated uncertainty of numerator and denominator. The red line indicates the ratio for a pT-shift of the high-EA
distribution of �0.4 GeV/c.

Figure 4 shows ratios of the Drecoil distributions for EA-selected event populations, with R = 0.2 and 0.4.
Since the numerator and denominator come from different, exclusive intervals in EA, they are statistically
independent in each panel. However, some systematic uncertainties are correlated between numerator
and denominator, which has been taken into account in the systematic uncertainty of the ratio. Note that
the same dataset is used for R = 0.2 and R = 0.4, and for the ZNA and V0A selections, so that the results
shown in the different panels are correlated.

Jet quenching may result in transport of jet energy out of the jet cone, resulting in suppression of the Drecoil
distribution at fixed p

ch
T,jet. Under the assumptions (i) that jet quenching is more likely to occur in events
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Searching for energy loss in pp and p+A: Event 
activity selection bias on final-state properties 

 1

Background
➡ How to search for energy loss in pp and p+A collisions?
➡ Difficult to control RpA, so consider intra-event correlations

➡ here: h+jet, ɣ+jet, high-pT v2 (examples from data right)
➡ Strategy: look for changes in “high-multiplicity” events

➡ here: Nchmid (# of > 0.4 GeV ch. particles in |η| < 2.5), or 
ΣETfwd (all in |η| = 3.2-4.9), more definitions possible

➡ However, these must impose some bias on the selected 
final states… here, quantify the effect

Dennis V. Perepelitsa
+ J. Nagle, S. Lim, Q. Hu, K. Hill

3rd International þing 
on QCD challenges 

from pp to AA 

Hadron-triggered semi-
inclusive recoil jet distribution

Photon + inclusive jet pT balance
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Simulation setup (1M events):
➡ pTɣ > 40 GeV, |ηɣ| < 2.4, generated by 

PromptPhoton:all with pTHatMin = 35 GeV            
(no fragmentation photon contribution)

➡ take all R=0.4 jets, |ηjet| < 2.8 that have Δɸ > 3𝜋/4
Conclusions:
➡ In pp, large-Nchmid selection enhances photon + 2   

(or more) jet topologies
➡ In pp, large-ΣETfwd selection pulls the leading jet    

out of mid-rapidity region
➡ bigger effect than for h+jet (fewer balancing jets?)

➡ In p+Pb, both effects are somewhat diluted

Pythia (pp) Pythia (pp) + Hijing p+Pb

Simulation setup
➡ pTh = 10-15 GeV, |ηh| < 2.5, generated by 

HardQCD:all with pTHatMin = 10 GeV
➡ take all R=0.4 jets, |ηjet| < 2.8 that have Δɸ > 3𝜋/4
Conclusions:
➡ In pp, large-Nchmid selection increases the jet pT    

from which the trigger hadron comes 
➡ and enhances multi-jet topologies

➡ In pp, large-ΣETfwd selection pulls balancing   
jet(s) out of mid-rapidity region

➡ In p+Pb, both effects are somewhat diluted
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n = 1 n = 2 n = 3 n = 4 n = 5

Residual pair acceptance [%] 1.0–5.0 <0.5 1.0–4.0 7.0–12 7.0–20

ZYAM procedure [%] 0.6 0.3 0.3 0.5 0.6

Tracking efficiency& material [%] 1.0 0.4 0.8 1.2 2.4

Monte Carlo consistency [%] 4.0 1.0 2.0 4.0 8.0

Residual pileup [%] 0–2.0 0–2.0 0–2.0 0–2.0 0–2.0

Uncertainty on scale factor α [%] 8.0–30 0.2–10 0.2–12 0.2–14 1.0–14
Choice of peripheral events

for N rec
ch > 160 or EPb

T >100 GeV [%] 4.0 1.0 1.0 2.0 4.0

TABLE IV: Summary of relative systematic uncertainties on vn, for n = 1 to 5.

for events selected by N rec
ch ≥ 220. This event class contains a small fraction (3 × 10−5) of the minimum-bias p+Pb

events with highest multiplicity. The correlation functions are compared to the distributions of the recoil component,
αY corr

peri (∆φ) in Eq. (6), estimated from the peripheral event class defined by EPb

T < 10 GeV. The scale factor α is
chosen such that the near-side short-range yield matches between the two event classes (see Eq. (6) and discussion
around it). Figure 5 shows a clear near-side excess in the full paT range studied in this analysis. An excess above the
estimated recoil contribution is also observed on the away-side over the same pT range.
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FIG. 5: The per-trigger yield distributions Y corr(∆φ) and Y recoil(∆φ) for events with N rec
ch ≥ 220 in the long-range region

|∆η| > 2. The distributions are shown for 1 < pbT < 3 GeV in various paT ranges. They are compared to the recoil contribution
estimated from a peripheral event class defined by EPb

T < 10 GeV using a rescaling procedure (see Eq. (6) and discussion around
it). The curves are Fourier fits including the first five harmonics.

To further quantify the properties of the long-range components, the Y corr(∆φ) distributions are integrated over
|∆φ| < π/3 and |∆φ| > 2π/3, similar to the procedure used in previous analyses [23, 24]. The integrated yields, Yint,
are obtained in several event classes and are plotted as a function of paT in Fig. 6. The near-side yields increase with
trigger pT, reach a maximum at pT ∼ 3 GeV, and then decrease to a value close to zero at pT > 10 GeV. This trend is
characteristic of the pT dependence of the Fourier harmonics in A+A collisions. In contrast, the away-side yields show
a continuous increase across the full pT range, due to the contribution of the recoil component that mostly results
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events with highest multiplicity. The correlation functions are compared to the distributions of the recoil component,
αY corr

peri (∆φ) in Eq. (6), estimated from the peripheral event class defined by EPb

T < 10 GeV. The scale factor α is
chosen such that the near-side short-range yield matches between the two event classes (see Eq. (6) and discussion
around it). Figure 5 shows a clear near-side excess in the full paT range studied in this analysis. An excess above the
estimated recoil contribution is also observed on the away-side over the same pT range.

Pe
r-t

rig
ge

r y
ie

ld

0

0.2

0.4
  < 1 GeVa

T
0.5 < p

 < 3 GeVb
T

1 < p

| < 5ηΔ2 < |

0

0.2

0.4

0.6

0.8
  < 3 GeVa

T
1 < p

 220≥ rec
ch

), NφΔ(corrY

)φΔ(peri
corrYα≡recoilY

0

0.5

1
  < 4 GeVa

T
3 < p

0

0.5

1

  < 5 GeVa
T

4 < p

φΔ
0 1 2 3

Pe
r-t

rig
ge

r y
ie

ld

0

0.5

1

  < 7 GeVa
T

5 < p

ATLAS p+Pb
 = 5.02 TeVNNs

-1 28 nb≈ intL

φΔ
0 1 2 3

0

0.5

1

1.5   < 9 GeVa
T

7 < p

φΔ
0 1 2 3

0

0.5

1

1.5
  < 12 GeVa

T
9 < p

FIG. 5: The per-trigger yield distributions Y corr(∆φ) and Y recoil(∆φ) for events with N rec
ch ≥ 220 in the long-range region

|∆η| > 2. The distributions are shown for 1 < pbT < 3 GeV in various paT ranges. They are compared to the recoil contribution
estimated from a peripheral event class defined by EPb

T < 10 GeV using a rescaling procedure (see Eq. (6) and discussion around
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To further quantify the properties of the long-range components, the Y corr(∆φ) distributions are integrated over
|∆φ| < π/3 and |∆φ| > 2π/3, similar to the procedure used in previous analyses [23, 24]. The integrated yields, Yint,
are obtained in several event classes and are plotted as a function of paT in Fig. 6. The near-side yields increase with
trigger pT, reach a maximum at pT ∼ 3 GeV, and then decrease to a value close to zero at pT > 10 GeV. This trend is
characteristic of the pT dependence of the Fourier harmonics in A+A collisions. In contrast, the away-side yields show
a continuous increase across the full pT range, due to the contribution of the recoil component that mostly results
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for events selected by N rec
ch ≥ 220. This event class contains a small fraction (3 × 10−5) of the minimum-bias p+Pb

events with highest multiplicity. The correlation functions are compared to the distributions of the recoil component,
αY corr

peri (∆φ) in Eq. (6), estimated from the peripheral event class defined by EPb

T < 10 GeV. The scale factor α is
chosen such that the near-side short-range yield matches between the two event classes (see Eq. (6) and discussion
around it). Figure 5 shows a clear near-side excess in the full paT range studied in this analysis. An excess above the
estimated recoil contribution is also observed on the away-side over the same pT range.
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events with highest multiplicity. The correlation functions are compared to the distributions of the recoil component,
αY corr

peri (∆φ) in Eq. (6), estimated from the peripheral event class defined by EPb

T < 10 GeV. The scale factor α is
chosen such that the near-side short-range yield matches between the two event classes (see Eq. (6) and discussion
around it). Figure 5 shows a clear near-side excess in the full paT range studied in this analysis. An excess above the
estimated recoil contribution is also observed on the away-side over the same pT range.
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FIG. 5: The per-trigger yield distributions Y corr(∆φ) and Y recoil(∆φ) for events with N rec
ch ≥ 220 in the long-range region

|∆η| > 2. The distributions are shown for 1 < pbT < 3 GeV in various paT ranges. They are compared to the recoil contribution
estimated from a peripheral event class defined by EPb

T < 10 GeV using a rescaling procedure (see Eq. (6) and discussion around
it). The curves are Fourier fits including the first five harmonics.

To further quantify the properties of the long-range components, the Y corr(∆φ) distributions are integrated over
|∆φ| < π/3 and |∆φ| > 2π/3, similar to the procedure used in previous analyses [23, 24]. The integrated yields, Yint,
are obtained in several event classes and are plotted as a function of paT in Fig. 6. The near-side yields increase with
trigger pT, reach a maximum at pT ∼ 3 GeV, and then decrease to a value close to zero at pT > 10 GeV. This trend is
characteristic of the pT dependence of the Fourier harmonics in A+A collisions. In contrast, the away-side yields show
a continuous increase across the full pT range, due to the contribution of the recoil component that mostly results
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n = 1 n = 2 n = 3 n = 4 n = 5

Residual pair acceptance [%] 1.0–5.0 <0.5 1.0–4.0 7.0–12 7.0–20

ZYAM procedure [%] 0.6 0.3 0.3 0.5 0.6

Tracking efficiency& material [%] 1.0 0.4 0.8 1.2 2.4

Monte Carlo consistency [%] 4.0 1.0 2.0 4.0 8.0

Residual pileup [%] 0–2.0 0–2.0 0–2.0 0–2.0 0–2.0

Uncertainty on scale factor α [%] 8.0–30 0.2–10 0.2–12 0.2–14 1.0–14
Choice of peripheral events

for N rec
ch > 160 or EPb

T >100 GeV [%] 4.0 1.0 1.0 2.0 4.0

TABLE IV: Summary of relative systematic uncertainties on vn, for n = 1 to 5.

for events selected by N rec
ch ≥ 220. This event class contains a small fraction (3 × 10−5) of the minimum-bias p+Pb

events with highest multiplicity. The correlation functions are compared to the distributions of the recoil component,
αY corr

peri (∆φ) in Eq. (6), estimated from the peripheral event class defined by EPb

T < 10 GeV. The scale factor α is
chosen such that the near-side short-range yield matches between the two event classes (see Eq. (6) and discussion
around it). Figure 5 shows a clear near-side excess in the full paT range studied in this analysis. An excess above the
estimated recoil contribution is also observed on the away-side over the same pT range.
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|∆η| > 2. The distributions are shown for 1 < pbT < 3 GeV in various paT ranges. They are compared to the recoil contribution
estimated from a peripheral event class defined by EPb

T < 10 GeV using a rescaling procedure (see Eq. (6) and discussion around
it). The curves are Fourier fits including the first five harmonics.

To further quantify the properties of the long-range components, the Y corr(∆φ) distributions are integrated over
|∆φ| < π/3 and |∆φ| > 2π/3, similar to the procedure used in previous analyses [23, 24]. The integrated yields, Yint,
are obtained in several event classes and are plotted as a function of paT in Fig. 6. The near-side yields increase with
trigger pT, reach a maximum at pT ∼ 3 GeV, and then decrease to a value close to zero at pT > 10 GeV. This trend is
characteristic of the pT dependence of the Fourier harmonics in A+A collisions. In contrast, the away-side yields show
a continuous increase across the full pT range, due to the contribution of the recoil component that mostly results

Photon+jet pT balance         
CMS PAS-HIN-13-006

Two-particle correlations at high-pT

PYTHIA8 – dijet events

Significant long-range “ridge”

Hard QCD PYTHIA-8 events show the usual near and away side jet peak, but they also have
A long-range (|Dh|>3) “ridge”, i.e. extended correlation in h around Df = 0.
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• selection of 60%-100% events based on multiplicity at 3.1<|η|<5.0 cuts are 
determined from MB events
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• selection of 60%-100% events based on multiplicity at 3.1<|η|<5.0 cuts are 
determined from MB events
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Interesting systematic dependence (both quite 
different from genuine flow signature):
➡ magnitude increases with Δη separation 

(above)
➡ magnitude decreases with multiplicity 

|Δη| = 2-5        ⟶          |Δη| = 4-5

Arises from implementation of ISR in Pythia
➡ “phiIntAsym” seems to introduce angular 

correlation of ISR to hard scattering to model 
color coherence effects

If this is in data, it will generally mask flow signal 
(subtracting non-flow using low mult. selection 
would give v2 < 0 at HM) — what are implications?

At high-pT (trigger hadron >10 
GeV), particles come from jet 
fragmentation
➡ apparent near-side in ridge in 

Pythia in jet-triggered events(!)


