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The “Ridge”
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➤ Two particle azimuthal correlations

⇨ Ridge: structure at Δɸ~0 

➔ Hydrodynamic behavior 

➩ Collective effect

➩ Flow harmonics
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STAR

https://link.springer.com/article/10.1007/JHEP07(2011)076
https://iopscience.iop.org/article/10.1088/1742-6596/110/3/032003/pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.082301


What about small systems?
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Unexpected 
“ridge-like” effect in 
small systems

https://doi.org/10.1016/j.physletb.2016.12.009
https://doi.org/10.1016/j.physletb.2016.12.009
https://link.springer.com/article/10.1007/JHEP09(2010)091
https://www.sciencedirect.com/science/article/pii/S0370269312011768
https://link.springer.com/article/10.1007/JHEP07(2011)076


Searches for jet quenching  at CMS
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Suppression due to the medium in AA

“jet quenching”

pp used as baseline

https://doi.org/10.1103/PhysRevC.96.015202
https://link.springer.com/article/10.1007/JHEP03(2018)181
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What about pPb?

?
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https://doi.org/10.1103/PhysRevC.96.015202
https://link.springer.com/article/10.1007/JHEP03(2018)181


Study of  cold nuclear matter effects in pPb
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➤ Understand initial stage/CNM is essential

⇨ Dijet pseudorapidity allows to map the distributions and add constraints for nPDFs

➔ Can be used to access the Bjorken-x (Shadowing, anti-shadowing and EMC)

J.Phys.G32:R367-R394,2006

https://iopscience.iop.org/article/10.1088/0954-3899/32/11/R01


Study of  cold nuclear matter effects in pPb
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➤ Understand initial stage/CNM is essential

⇨ Dijet pseudorapidity allows to map the distributions and add constraints for nPDFs

➔ Can be used to access the Bjorken-x (Shadowing, anti-shadowing and EMC)

Phys. Rev. Lett. 121, 062002 (2018)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://iopscience.iop.org/article/10.1088/0954-3899/32/11/R01


Study of  cold nuclear matter effects in pPb
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➤ Understand initial stage/CNM is essential

⇨ Dijet pseudorapidity allows to map the distributions and add constraints for nPDFs

➔ Can be used to access the Bjorken-x (Shadowing, anti-shadowing and EMC)

high x
Pb

low x
p
 

low x
Pb

high x
p
 

Eur. Phys. J. C 74 (2014) 2951
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Phys. Rev. Lett. 121, 062002 (2018)

https://doi.org/10.1140/epjc/s10052-014-2951-y
https://iopscience.iop.org/article/10.1088/0954-3899/32/11/R01
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002


Dijets: nPDF constraints at CMS
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➤ Ratios are consistent with expectation from

⇨ shadowing (x ≲ 10-2; 𝜼
dijet 

> 1.5)

⇨ antishadowing (10-1 ≲ x ≲ 10-2; -0.5 <𝜼
dijet 

< 1.5) 

⇨  EMC (x ≳ 10-1; 𝜼
dijet 

< -0.5)

➤ Evidence that gluon PDF (large Bjorken x) in Pb is strongly suppressed with respect to that in unbound nucleons

Phys. Rev. Lett. 121, 
062002 (2018)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002


Dijets: nPDF constraints at CMS
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➤ Ratios are consistent with expectation from

⇨ shadowing (x ≲ 10-2; 𝜼
dijet 

> 1.5) 

⇨ antishadowing (10-1 ≲ x ≲ 10-2; -0.5 <𝜼
dijet 

< 1.5) 

⇨  EMC (x ≳ 10-1; 𝜼
dijet 

< -0.5)

➤ Evidence that gluon PDF (large Bjorken x) in Pb is strongly suppressed with respect to that in unbound nucleons

➤ Data has been used to constrain  nPDF’s

Phys. Rev. Lett. 121, 
062002 (2018)
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Nikhef-2021-028, BONN-TH-2021-14

Eur. Phys. J. C (2022) 82:413

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://arxiv.org/pdf/2201.12363.pdf
https://link.springer.com/article/10.1140/epjc/s10052-022-10359-0


Search for quenching in pPb collisions at CMS
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➤ Nuclear modification factor

⇨

Eur. Phys. J. C 76 (2016) 372

JHEP 04 (2017) 039

https://doi.org/10.1140/epjc/s10052-016-4205-7
https://link.springer.com/article/10.1007/JHEP04(2017)039


Search for quenching in pPb collisions at CMS
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➤ Nuclear modification factor

⇨

➤ Dijets

⇨ Azimuthal difference: Δϕ
1,2

 

⇨ Momentum imbalance x
j
: p

T,2
 / p

T,1

Eur. Phys. J. C 76 (2016) 372

No signs of jet quenching
 in small systems so far at CMS!

Leading jet (1)

Subleading jet (2)

Δϕ
1,2

JHEP 04 (2017) 039

E
T

: energy 
deposit at HF

Eur. Phys. J. C 74 
(2014) 2951

https://doi.org/10.1140/epjc/s10052-016-4205-7
https://link.springer.com/article/10.1007/JHEP04(2017)039
https://doi.org/10.1140/epjc/s10052-014-2951-y
https://doi.org/10.1140/epjc/s10052-014-2951-y


High p
T

 flow
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➤ No signs of quenching, but non-zero elliptic flow in high-p
T

 is observed

⇨ Different non-flow subtraction methods studied

JHEP 05 (2023) 007

h+/-

pPb high multiplicity events: 250 > N ≥ 185

From fragmentation of hard scattered partons

How about pPb? If no quenching is there?

PbPb interpretation: path-length dependency of energy loss

See J. Viinikainen talk
Wed. 9/6, 11:20AM

https://doi.org/10.1007/JHEP05%282023%29007
https://indico.cern.ch/event/1139644/contributions/5541510/
https://indico.cern.ch/event/1139644/contributions/5541510/


High p
T

 flow
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➤ No signs of quenching, but non-zero elliptic flow in high-p
T

 is observed

⇨ Different non-flow subtraction methods studied

⇨ Study also performed for different particle species

JHEP 05 (2023) 007

h+/-
K0

S
𝚲

pPb high multiplicity events: 250 > N ≥ 185

https://doi.org/10.1007/JHEP05%282023%29007


Summary
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➤ pPb is an important tool to study and understand nuclear matter 

⇨ Useful to study both initial and final states

➔ So far, no evidence of quenching

➔ Non-zero v
2

 observed in higher-p
T

 in pPb collisions

➩ observed for different particle species 

JHEP 05 (2023) 007

Phys. Rev. Lett. 121, 
062002 (2018)

https://doi.org/10.1007/JHEP05%282023%29007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002


In a near future …
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➤ Measurements at pPb@8.16 TeV are ongoing and coming soon!

⇨ Study of cold nuclear matter effects 

➔ Additional constraints for nPDF models

⇨ Search for jet quenching using high multiplicity events

⇨ and more … 

JHEP 05 (2023) 00c7Stay tuned!!!

Phys. Rev. Lett. 121, 
062002 (2018)

https://doi.org/10.1007/JHEP05%282023%29007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.062002
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Backup
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The CMS detector 
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cds.cern.ch/record/2720665

https://cds.cern.ch/record/2720665


Measurement of two particle correlations (I)
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➤ Two particle correlations

⇨ trigger particle (in p
T

trg)

⇨ associate particle (in p
T

ass)

cds.cern.ch/record/2736135

Wei Li, pA@RHIC

https://cds.cern.ch/record/2736135
https://slideplayer.com/slide/10109576/


Measurement of two particle correlations (I)
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➤ Two particle correlations

⇨ trigger particle (in p
T

trg)

⇨ associate particle (in p
T

ass)

B(0,0) x 

“ridge”: related
 with collectivity

Wei Li, pA@RHIC

Phys. Lett. B 724 (2013) 213

https://slideplayer.com/slide/10109576/
https://doi.org/10.1016/j.physletb.2013.06.028


Dijet pseudorapidity distributions as function E
T 

(I)
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Eur. Phys. J. C 74 (2014) 2951

Going towards to Pb direction

Eur. Phys. J. C 74 (2014) 2951

Dependency of energy in 
p and Pb directions

https://doi.org/10.1140/epjc/s10052-014-2951-y
https://doi.org/10.1140/epjc/s10052-014-2951-y


Dijet pseudorapidity distributions as function E
T 

(II)

23

➤ Ratio to all

⇨ Low E
T

 : ratio increased from 

negative to positive

⇨ high E
T

Pb: opposite behavior

➤ Possible effects

⇨ modifications of the PDFs 

due to the fluctuating size of 

the proton

⇨ impact parameter 

dependence of the nPDFs

⇨ among others…

Eur. Phys. J. C 74 (2014) 2951

https://doi.org/10.1140/epjc/s10052-014-2951-y


The CMS detector
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HF

Eur. Phys. J. C 74 
(2014) 2951

+𝛈

-𝛈

https://doi.org/10.1140/epjc/s10052-014-2951-y
https://doi.org/10.1140/epjc/s10052-014-2951-y


Flow with Jet veto
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➤ Jet veto to remove events with jet pT > 20 GeV

⇨ v
2

 increases when removing higher pT jets (as expected → non-flow)

⇨ Not clear why subevent is showing the opposite behavior

JHEP 05 (2023) 007

https://doi.org/10.1007/JHEP05%282023%29007

