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Disclaimer

Very little time to prepare this talk: Slides mostly taken from other
(older) talks and/or stolen from other people [especially Pia Zurita
and Hannu Paukkunen - they’ve agreed, so thanks :)]

[I hope this is good enough for this first informal meeting]
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Kinematical reach in nuclear collisions
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Kinematical reach in nuclear collisions
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Kinematical reach in nuclear collisions
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Kinematical reach in nuclear collisions
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Kinematical reach in nuclear collisions
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! Kinematical reach in nuclear collisions )
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i Kinematical reach in nuclear collisions
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forza forte
(gluodns)

quark up

Why proton-nucleus?

[To study the structure of a large object make collisions with
smaller objects (Rutherford experiment...)]

quark down

The proton structure is constrained by DIS + other data
— HERA data of utmost importance
Need pA to study the high-energy nuclear structure

— DIS data is old (90’s) short number and with limited range

— PA@LHC is the only experimental condition available before an
eventual lepton-A collider (LHeC, eRHIC?)

— Needed as benchmark for the AA program

— High-density effects (saturation) enhanced in nuclei
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nPDFs: global analyses. Status

Main goals

— Check the factorization of nPDFs for hard processes

— Fix the benchmark for HI hot matter or saturation

Present nuclear DIS
and Drell-Yan in p+A

\, "~/ DIS+DY
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QM, Annecy, May 2011
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EKS98 [Eskola, Kolhinen, Ruuskanen, Salgado 1998]
HKM [Hirai, Kumano, Miyama, 2001]

nDS [de Florian, Sassot, 2003]

HIKN [Hirai, Kumano, Nagai, 2004; 2007]

EPS08, EPSO9 [Eskola, Paukkunen, Salgado, 2008; 2009]

Also FGS [2004-2010]; Kovarik et al. 120117

pA physics potential at the TeV
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The contemporary NLO nPDF fits
174, @) = RNz, Q) ff (2, Q%)

Order LO & NLO LO & NLO

Drell-Yan dileptons in p+A | p+d

Neutrino-nucleus DIS

# of data points 1241 1579

Error sets available

Baseline MRST98 CTEQ6.1 MSTW2008 CTEQ6M

Stolen from Hannu Paukkunen at JLab Oct 2013

J
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C How?: tollow free proton approach

_/
é )
— Cross sections computed in collinear factorization
Define A -
% R?(ZE,QQ) _ fzp(x7 QZ)

= Using a known set for free protons (CTEQ, MRST....)
= and DGLAP evolution of the nuclear and free proton PDFs
= Find the minimum of ?

h

vary{a;}
(fulfilling sum rules)

Final
answer

DGLAP

Compute observables

z, Q*
{R?(a:,@f)} for {a;} “

_J
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C Approximate ranges and constrains in EPS09Y
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~ Approximate ranges and constrains in EPS09 )
4 )
Valence Sea quarks Gluons
0:6 A =208
I Constrained by DIS
k J ’
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Z Approximate ranges and constrains in EPS09Y

(

/
)
Valence Sea quarks Gluons
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~ Approximate ranges and constrains in EPS09 )
4 )
Valence Sea quarks Gluons
I Constrained by DIS
I Constrained by DY
Sum rules and dAu@RHIC
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i Approximate ranges and constrains in EPS09Y

J
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Valence Sea quarks Gluons

I Constrained by DIS

B Constrained by DY
Sum rules and dAu@RHIC
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J

i Approximate ranges and constrains in EPS09Y

(" )

Valence Sea quarks Gluons

I Constrained by DIS e
[these ranges are very approximative...
- Constrained b)' DY but valid in general for other analyses]

Sum rules and dAu@RHIC

Unconstrained

_J
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Neutrinos: Paukkunen & Salgado

Phys.Rev.Lett. 110 (2013) 212301

@ An excellent agreement with e.g. CTEQ6.6+EPS09 nuclear PDFs

Neutrino beam
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Neutrinos: Paukkunen & Salgado
Phys.Rev.Lett. 110 (2013) 212301

EC/R E IR +EPS09 nuclear PDFs
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Inclustve particle at high-pt
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» CMS data needs to be understood - enhancement not possible within nPDFs
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W/Z bosons in pA: a very promising tool

Z-Spectrum, pPb at /s = 8.8TeV, M=M,
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The CMS dijets in p+Pb

@ Comparison to the NLO calculations - the gluon PDFs make a difference!

Eskola, Paukkunen, Salgado, arXiv:1308.6733
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Checks of factorization: forward@RHIC

[Eskola, Paukkunen, Salgado, 2010]

Inclusive h’

0 BRAHMS pp
- =2.2 =3.2
— 10 n %% ?7
S - — NLO PQCD
) = -
(5 H =2 ]
o

-

HotLHC

10-6 ;E CTEQ6.1M PDFs
- fDSS FFs

o inelastic =40mb %E Htac=Mfrag=Hren=PT

2 10°

Inclusive h’

= 5 O BRAHMS dAu %% E
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= =] s .
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||||||| | I I I T A | | 1 1 1 I I I T O | L1

Good description except for pp @ y=3.2

Notice that only yields are provided: need to use Glauber

Nucleil at FHC - CERN - Dec 2013
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Checks of factorization: forward@RHIC

[Eskola, Paukkunen, Salgado, 2010]

1 B
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Good description except for pp @ y=3.2
Notice that only yields are provided: need to use Glauber
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Summary of comparison with LHC

— Good compatibility so far with limited sensitivity (except,
pberhaps CMS dijets)

— Still waiting for final pPb results...
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Bayesian re-weighting

& the LHC

|dea: Study compatibility

without a new global fit

Zurita - Nantes Dec 2013 N. ARMESTO, J. RoJyo, C. A. SALGADO, P.Z.,

JHEP 1311 (2013) 015
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The method

DEVELOPED:

W. T. GIELE AND 5. KELLER, PHYSsS. REV. D58 (1998) 094923.

R. D. BALL ET AL. [INNPDF CoLLABORATIONI], NucL. PHYsS. B 8409

(2011) 112 [ERRATUM-IBID. B 854 (201 2) 9261 [ERRATUM-IBID. B
855 (2012) 9271.

R. D. BALL, V. BERTONE, F. CERUTTI, L. DEL DEBBIO, S. FORTE, A.
GUFFANTI, N. P. HARTLAND AND J. |. LATORRE ET AL. [INNPDF
COLLABORATIONI], NucL. PHYs. B 855 (2012) 608.

EXTENDED:
G. WATT AND R. S. THORNE, JHEP (2012) 052.

OTHER:
H. PAUKKUNEN AND C. A. SALGADO, PHYS. REV. LETT.1 10,
212301 (201 3).
ch Nuclei at FHC - CERN - Dec 2013 nPDFs etc 18



FOR ANY
OBSERVABLE

N NEW POINTS =

EACH REPLICA
HAS A DIFFERENT
IMPORTANCE

AFTER THE
RE-WEIGHTING

’ Nucleil at FHC - CERN

HotLHC

- Dec 2013

- Ol fr
Nrep =

Pnew(f) NP(X’f) Old( )

(x2)3 (D) X3/

WE —
1 Nrep 2 (n—1),—x2/2
N1 (x¥)z <

rep

Z’ka fx]

rep ]

(O)new =

nPDFs etc 19
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-

HotLHC

Nrep )
FOR ANY I
RE-Weighting NEW FIT
TO QUANTIFY THE ACCURACY
RE-WEIGHTING S N %
lr=ilL
J
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n = 0 N [ CcHANGE IN THE VALENCE

D G LAP CHANGE IN THE SEA
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1.4

do" °/dG™P

CGC for n=0

1.4

N=25 X2 / N < X2 > / N Nerr
BEFORE A 2L TS =
AFTER 1.50 1 s 229

’ Nuclet at FHC - CERN - Dec 2013
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~ EPS09

— MC replicas

CHANGE IN THE VALENCE

N ) cHANGE IN THE SEA
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GLUON!

SLIGHT MODIFICATION FOR THE SEA
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Summary

Nuclear PDF analyses still taking off at the LHC

— Present fits are ok

— New constraints possible, but eventually smaller error bars needed

PDF analyses are precision...
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Do we need to go to higher energies?
[first thoughts...]

We gain a factor of 7 in CM energy - 2 units of rapidity

Questions in the last couple of years [my bias...]

— Jets in QCD matter - role of coherence (color matters, e.g. singlet)
— Initial stages and thermalization - CQC (factor 1.8 in Qsat)

More precision needed - explore smaller times!

— higher luminosity + higher energy (new observables)
— small systems - proton-nucleus

— Explore also new observables: tiny coupling of EW with medium?
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A new picture ot jet quenching

The parton shower is composed of un-modified subjets (vacuum-like)
> With a typical radius given by the medium scale
» For medium-induced radiation each subject is one single emitter

M\w - uJu\aJ mJ:a-kM

( 4cou;w&)r(rr

Also, |st calculation of |->3 splitting performed in SCET and |st order in opacity expansion

2 [Fickinger, Ovanesyan, Vitev]
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Requires more luminosity and/or more energy
» Typical luminosity of pPb run ~ 0.1 pb-'
» ~10 times more at FHC - others, as Higgs (x20) or top (x50), have even larger enhancements
[Estimates made in the plane with MCFM - need to be checked...]
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