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Dbes of Initial Stages

Do we have reliable theoretical
description of this kinematic
regions?

How far do our approximations in
QCD stay valid?

Can we see onset of gluon
saturation or non-linear QCD
effects?

What is the size of modification of
the quark and gluon structure

functions for nucleons inside nuclei?

How cold nuclear matter (CNM)
influence the production of hard
processes?
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http://arxiv.org/abs/arXiv:1212.3482
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DN In forward region

Challenges of measurements in
forward regions:

s Limited coverage.
s Detector granularity.

s Triggering on forward
signatures.

s Uncertainty in modeling.

s Knowledge of performance.

I hadron PID
BN muon system
B lumi counters
— HCAL
— ECAL
tracking



gntation In forward region

ALICE Challenges of measurements in

8.16 TeV 'pr " Other Collision Systéms
I LHCb I LHCD 110 GeV it
I ATLAS/CMS I HERA ITy.

I ALICE
| ESY ALICE Muon Formance.

)deling.
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arXiv:1706.00428
Collinear factorization and DGLAP successfulin Py

o . B /10
describing large- rocesses and moderate x. . g
g large-(2p 0.9¢ xf(xu2=10* GeV?)

Expected to fail at low-x. 0.8

Do we need BFKL describe forward jet
production?

What is role of MPI?

Steep rise of gluon PDFs at low-x versus
unitary.

Saturation can bring expected change of trend
at low x.

measurement to be performed with as low p;
and as forward direction as possible.




Collinear factorization and DGLAP successful in
describing large-Q2 processes and moderate x.

Expected to fail at low-x.
Can BFKL describe forward jet production?
What is role of MPI?

Steep rise of gluon PDFs at low-x versus
unitary.

Saturation can bring expected change of trend
at low x.

measurement to be performed with as low p,
and as forward direction as possible.

Gluon density increased in nuclear collisions -
increased sensitivity.

Sensitive also to the onset of non-linear QCD.




orward jets@CMS

s Measured in CASTOR detector at-6.6 < n<-5.2

s Longitudinal and @ segmentation; no n
segmentation.

s Resolution 25% (10%) at 550 GeV (2500 GeV)

x~~a&ei"fr~~~-¢10_6 [p,=10GeV ;n=—6;vs=13TeV]

CMS Simulation

]
_ e
10°
o Large bin migration due to the energy resolution
— requires ~80 iteration in the unfolding!
‘ Also significant uncertainty in modeling.
10 — Large systematic uncertainties.
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More details in talk by A. Bylinkin



l jets@CMS In pp

Cross-sections Yields normalized by total #jets
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s All models consistent with the data due to the large systematic uncertainties.

More details in talk by Alexander Bylinkin
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ets@CMS in pp

Cross-sections

Yields normalized by total #jets
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s All models consistent with the data due to the large systematic uncertainties.

o s But sensitivity to MPI.

More details in talk by Alexander Bylinkin
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s Jet cross-section in proton going side in 5.02 p+Pb collisions.
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s Despite the large uncertainties data prefers HIJING MC with saturation

effects through shadowing.
10
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s Jet cross-section in lead going side in 5.02 Pb+p collisions.
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s — Ratios should be directly sensitive to saturation effects + significant cancellation of
systematic uncertainties.

11 s However the interpretation difficult due to different center-of-mass rapidity selection.
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dijest@ATLAS In p+Pb

« Measurement of forward-forward and forward-central dijet

correlations.
« The forward-forward configuration at lowest p. (28 GeV) probes x

downto 1.5 x 10 More details in talk by D. Perepelitsa
Angular correlations Di-jet conditional yields
@ WIS | dN1,2 i = | le,2
o 1 N, dA¢ Ny dyjdy;dpr,1dpr.2
Wix= RMS(C»)
l p+Pb p+Pb
ppr 1 W12 pPb 112
w pp I /2%
12 W12 1 12
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ar correlations
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2 | ATLAS 2015 pp data, 25pb' | B 0.15-ATLAS 2015 pp data, 25 pb™]
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= No significant changes in shapes but visible changes in integrals,
l.e conditional yields

13



gqular correlations
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« The fo b Xx down to

15x1 arXiv:1903.01361

Effects due to gluon saturation and the resummation
of large logarithms of the hard scale included.
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http://arxiv.org/abs/arXiv:1903.01361

n p+Pb and pp

W,, [rad]

Wldths of angular correlatlons D|-Jet condltlonal ylelds
[ 35<p <45GeV " amas 1 L E 35<p, <45GeV ATLAS
[«}] L -
08 2?<y <4 2016 p+Pb data, 360 pb"__| O - 2?<y <4 2016 p+Pb data, 360 ub"
- anti—ktR=0.4 jets 2015 pp data, 25 pb™! = 5 anti—ktR=0.4 jets 2015 pp data, 25 pb"
oel VS, = 5.02 Tev - 107° 3 VS = 5.02 TeV 3 § E
T arXiv:1812.01691 - 8 s ]
- o L oL
0.4~ M ] T S, B #
s B By EDE:, - = =
02 — - ]
- —-p+Pb epp, 28<p_ <35GeV - B o2 --p+Pb —e—pp, 28<p_ <35GeV |
B --p+F'b -El-pp 35<p {45 Ge“u‘ i 105 = p+Pb —=— pp, 35“PT:2“45 GeV
R , | R R R = , 1 R X , ! . R , | . ——
) 0 2 * -2 0 2 *
y2 y2

« Widths of azimuthal correlations increase with increasing rapidity
separation and p,; imbalance between |jets.

=« Dependence of yield given by faster decrease of the di-jet cross-
section at large rapidity compared to inclusive jet cross-section.
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= No significant broadening of azimuthal correlations in p+Pb

compared to pp.
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« Up to 20% suppression of conditional yields for forward-forward
configuration in p+Pb compared to pp.
« Together with CMS dijet measurement (arXiv:1812.01691) will

Improve nPDFs.



nentation

s« Measurement of longitudinal fragmentation functions and transverse
momentum of charged hadrons in Z-tagged forward.
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s« Dominated by light-quark jets — information about non-perturbative

18

harmonization important also for HI physics.

arXiv:1904.08878



nentation

s« Measurement of longitudinal fragmentation functions and transverse
momentum of charged hadrons in Z-tagged forward.
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s Significant discrepancy when compared to PYTHIAS.

19" Jet cross-section (arXiv1605.00951;not shown) described better.
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8ak bosons@ALICE

s« Measurement of Zand W in -4<n<-2.5in 5. 02 TeV Pb+Pb and 8.16 TeV p+Pb.

“p-going”: 2.03 < Yems < 3.53

“Pb-going’’: —4.46 < Yems < —2.96

Pb-Pb: 2.5 <¥ms <4

C\% i.i __I IIIIIEEI LLLRALL LULLLRLIL 1 II.IE From Slides by NiCOIO Valle
g H
= L2 éﬂ;
S 1.0 s Accessing nPDFs in regions of
| 0.8 [l % large Q2.
2 0.6 -
504 |- ATLAS and CMS s Complementary to
S 09 [ AucEamdihcs g = midrapidity measurements by
Qéﬁ 0 0 E 1 IIIIIHI | lIlJJJIl 1 llL_LIIIl 11 IH:‘I_ ATLAS and CMS'
el
iy



D0SONS@ALICE

Z in 5.02 TeV Pb+Pb collisions

Phys.Lett. B780 (2018) 372-383

0-90% Pb-Pb |5, = 5.02 TeV

ALICE - =

CT14
Pb-isospin, free PDF

CT14 + EPS09
Pb-isospin, nPDF

CT14 + EPPS16
Pb-isospin, nPDF

nCTEQ15
Pb-isospin, nPDF

s Yields and R,, (not shown) consistent with nPDF, 2.30 from free PDF.
21 More details in talk by Nicole Valle



Z in 5.02 TeV Pb+Pb collisions Z in 8.16 TeV p+Pb collisions

Phys.Lett. B780 (2018) 372-383
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s« Current precision of the p+Pb measurement not sufficient for firm
22 conclusions. More details in talk by Nicole Valle



Photon measurements limited to mid-rapidity and semi-forward regions.
s ATLAS measures of Ry, in center-of-mass rapidity from -2.83 up to 1.90.

Forward/backward R __, ratio
pPb

23

Forward Backward
R pPb IR pPb

2.2r — .
of ATLAS 3
: BE—E Data Z
TF rreene JETPHOX + CT14 + EPPS16 3
1'6;_- ------ JETPHOX + CT14 % a2 |
L =i Sl
1.2=4 Eﬁl !
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- e JETPHOX + nCTEQ15
- ---- JETPHOX + CT14 % a4
- ==hen Sl IE
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s Sensitive to gluon shadowing/quark anti-shadowing at low E:.
Data seems to be more compatible with free PDFs.

More details in talk by D.

DLl il

2x10° 3x1
E

- =

Perepelitsa.
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Heavy-Flavours

@ALICE&LHCDb

s Test pQCD calculations, MPIs and CNM in p+Pb collisions.
s Access to different xand Q2 region compared to EW bosons.
s Low-x down to ~106 @ forward rapidity & high-x ~10-2 in backward
rapidity



s Test pQCD calculations, MPIs and CNM in p+Pb collisions.

s Access to different xand Q2 region compared to EW bosons.
Low-x down to ~10-¢ @ forward rapidity & high-x ~10-2 in backward
rapidity

Fully reconstructed promt D°by LHCb

é 2 i LN B T L A ]
3 —~ LHCb LHCb !
- E=ZIEPS09LO IS0 IeN |
1.5F  —EPS09NLO _ o
: ---nCTEQI15 arX|V170702750 :
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0.5 B T
Forward
0 L PR T | | L1
0 2 4 6 8 10
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s« Can provide constrain on gluons nPDFs.

] I T T T
~4~ LHCb prompt D’

LHCb

9 LHCD prompt J/y VSNN =5TeV

EPS09LO
— EPSO09NLO
---nCTEQI5

p.<10 GeV/c

254 Similar measurement of forward B+,Bo,A.° production in 8.02 TeV p+Pb.
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Can be accommodated and improve EPPS16 and nCTEQ15
(Eskola, Helenius, Pakkinen , Paukkunen arXiv:1906.02512)

p, [GeVic] ' P

- « Can provide constrain on gluons in (anti)shadowing regions.



DALICE&LHCD

s Sensitive to gluon PDFs.
s Production mechanism not Fully understood.
= |n HI collisions affected also by MPIs, breakup with co-moving particles,
energy loss.

J/W measurements:

1.4
n:i; - p-Pb (5,q, = 8.16 TeV
128 ® ALICE inclusive JAp

© LHCb prompt JAp (PLB 774 (2017) 159)

s Suppression in forward

0.8F rapidity well described by
: ‘ various models.
0.6 = [ EPS09INLO + CEM (R. Vog)
L[] nCTEQ15 (J. Lansberg et al.)
0.4 [ [ZE EPPS16 (. Lansberg etal) . “ |—.HCb (Promt) andOAUCE
7L || CGC +NRQCD (R. Venugopalan et al.) (lnClUS|Ve) results N gOOd
~ [ | CGC + CEM (B. Ducloue et al.)
0.2 - [ | Energy loss (F. Arleo et al.) agreement.
B Transport (P. Zhuang et al.) .
_ === Comovers (E. ‘Ferreirol) | aer|V. |1805|043|81V2
TN TN T N N T A T T N TN U N N T T T A N T A O O OO
0—5 4 3 2 4 0 1 2 3 4 5

ycms
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Ia@ALICE&LHCD

ntrality dependence
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ALCE preliminary g ckward (Pb-going)

Inclusive Jiy — p*p
p-Pb \/s,= 8.16 TeV, -4.46 < ¥ oms <296, p_ <20 GeV/c

el T e ——

@EHH |

EPS09s NLO + CEM (Vogt et al., PRC 87 (2012) 054910) ]
[ Energy loss (Arleo et al., JHEP 10 (2014) 073) g
[ Transport Model (Du and Rapp, NPA 943 (2015) 147)
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0 2 < 6 8 10 12

14

More details in talk by S. Hayashi

0.6F
0.4F
0.2f

i
(Ncoﬂ) ALI-PREL-150396

ALICE preliminary Forward (p-going)
Inclusive Jhy — 'y’

p-Pb {s,=8.16 TeV, 203 <y_ <353, p, <20 GeV/c

EPS09s NLO + CEM (Vogt et al., PRC 87 (2012) 054910) ]

[ Energy loss (Arleo et al., JHEP 10 (2014) 073) ]
~ Transport Model (Du and Rapp, NPA 943 (2015) 147)

1 I il 1 A1 I L 1 1 I L 1 A I A1 'l A I L 1 1 t Il L

= 6 8 10 12

14
Nt

s Small centrality dependence in forward region qualitatively
described by models.
s Discrepancy between data and model in Pb-going side.

4
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@ALICE&LHCD

s Sensitive to gluon PDFs.
s Production mechanism not Fully understood.
= |n HI collisions affected also by MPIs, breakup with co-moving particles,
energy loss.

Y measurementsin 8.16 TeV p+Pb (LHCb)

2 - r T 1 = £ 2 | —— T =]
9o °F 4+ pPb, Pb 1 Qe —4— pPb, Pb :
R o p p _ — . p p ]
‘"Q_,}l '8; LHCb EPPS16 : }:il‘g LHCb EPPS16 ]
1.6 2 nCTEQI15 = L.6E 9 nCTEQ15 E
14F [ ] EPS09LO+comovers - 14F [ ] EPSO9LO+comovers -
12 [ ] nCTEQ15+comovers 12 [ nCTEQI5+comovers ]

1F 3 1 |

0.8F O8F AT
0.6F : 0.6f ' :
0.4F P <25 GeV/c o 0.4F P <25GeV/c + E
0.2¢ fNN‘S-lP TeV. l i 0.2¢ $u=8-16 TeV arXiv:1810.07655:

C L1 L1 L1 ! I I 0 [ 1
: —4 -2 0 2 4 —4 —2 O 2 4

0/ 8

s« Suppression in forward regions both for 1S and 2S.
294 R, (1S) > R, (2S) and well modeled with comovers models.



DALICE&LHCD

s Sensitive to gluon PDFs.
s Production mechanism not Fully understood.
= |n HI collisions affected also by MPIs, breakup with co-moving particles,
energy loss.

Y(1s) measurements in 8.16 TeV p+Pb (ALICE):  More details in talk by Shinichi Hayashi

2 cr——1——1——1— Forward/Backward
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s« Models describes forward region but overestimate backward.
304 No significant centrality dependence.



s Every LHC experiment has has unique capabilities for various forward
hard probes measurements.

s We are gaining understanding of the structure of the nuclei by
exploiting asymmetric p+Pb collisions.
» Forward jet measurements:

s VVery important benchmarks for the understanding and improvement of
the soft/small-x modeling of the hadron collision interaction.

s Further improvement in precision and kinematic reach will put stronger
constrain on models.

s New information about hadronization & fragmentation.

» Heavy flavours, EW bosons, and quarkonia measurements:
s Test different suppression mechanisms.
s Provide significant improvement on nPDFs.

s Lack of calorimetric fForward measurements in large systems.
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s Test pQCD calculations, MPIs and CNM in p+Pb collisions.
s Access to different xand Q2 region compared to EW bosons.
s | ow-x down to ~10¢ @ forward rapidity & high-x ~10-2 in backward

rapidity

Muons from HF decays@ALICE
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s« Compatible with unity in forward region; deviation from binary scaling
at low-p; in backward.
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vy-flavours

s Test pQCD calculations, MPIs and CNM in p+Pb collisions.
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est@ATLAS in p+Pb

« Measurement of forward-forward and forward-central dijet

correlag
« The fo SR '
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Effect from energy resolution (and scale) not so

dramatic as in the very forward region.
— able to use simply bin-by-bin unfolding.
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