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COLD NUCLEAR MATTER EFFECTS @

- Initial state effects
* Moadification of parton flux (e.g. shadowing) in nuclear PDF
o Coherent or incoherent energy IOSS Arleo and Peigne ’12; Sharma and Vitev ’ | 3
* Colour filtering of intrinsic heavy-quark pair Brodsky and Hoyer '89
» Saturation/small x/coherence effects Ducloué et al.’15; Kharzeev et al. 09;...

* Final state effects

» Coherent energy loss Arleo and Peigne '12

* Break up in the nuclear matter: absorption effect

. . Gerschel and Hufner '88;Vogt '99
* Break up by comoving particles

Ferreiro ’|5; Capella and Ferreiro ‘00’05; Gavin and Vogt "90

Cold nuclear matter effects are crucial to understand AA data
Reference to disentangle genuine QGP effect in AA collisions
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COLD NUCLEAR MATTER EFFECTS

- Initial state effects
(- Modification of parton flux (e.g. shadowing) in nuclear PDF )

e Coherent or incoherent energy |oss Arleo and Peigne ’12; Sharma and Vitev I3
* Colour filtering of intrinsic heavy-quark pair Brodsky and Hoyer '89

« Saturation/small x/coherence effects Ducloué et al.’15; Kharzeev et al.’09;....

* Final state effects

» Coherent energy loss Arleo and Peigne '12

Break up in the nuclear matter: absorption effect

. . Gerschel and Hufner '88;Vogt '99
Break up by comoving particles

Ferreiro ’|5; Capella and Ferreiro ‘00’05; Gavin and Vogt "90

Cold nuclear matter effects are crucial to understand AA data
Reference to disentangle genuine QGP effect in AA collisions
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NUCLEAR PDE

 Cross-sections in nuclear collisions are modified
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Such a modification can be translated into universal objects:
nuclear PDFs (nPDFs)
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A LESSON FOR PDF (20 YEARS AGO)

hep-ex/9601008

Inclusive jet cross section in pp collisions at /s = 1.8 TeV

(CDF Collaboration)
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A LESSON FOR PDF (20 YEARS AGO)

hep-ex/9601008

Inclusive jet cross section in pp collisions at /s = 1.8 TeV

(CDF Collaboration)

ngh IBT excess in inclusive jet

F was initially triggering
a Iot of BSM studies, like
quark compositeness.

* It is finally known that due to
our poor knowledge of gluon
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A LESSON FOR PDF (20 YEARS AGO)

hep-ex/9601008

Inclusive jet cross section in pp collisions at /s = 1.8 TeV

(CDF Collaboration)

ngh IBT excess in inclusive jet

F was initially triggering
a Iot of BSM studies, like
quark compositeness.

* It is finally known that due to
our poor knowledge of gluon
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* Also important thing is no
PDF uncertainty at that time.
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A LESSON FOR PDF (20 YEARS AGO)

hep-ex/9601008

Inclusive jet cross section in pp collisions at /s = 1.8 TeV

(CDF Collaboration)

HighgT excess in inclusive jet .
by CDF was initially trigger”
a lot of BSM studies, like  ~ 1& .
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A LESSON FOR PDF (20 YEARS AGO)

hep-ex/9601008

Inclusive jet cross section in pp collisions at /s = 1.8 TeV

(CDF Collaboration)
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HighgT excess in inclusive jet
by CDF was initially trigger”

Gluon distribution at Q% = 10* GeV?

a lot of BSM studies, like  ~ 1 .
quark COmPOSitenESS. 3\ NG MSTW 2008 NLO (68% C.L.)
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PDF uncertainty at that tirr
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PDF uncertainty in the
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Similarly, the conclusions
based on nPDFs without
taking into account the nPDF
errors should be reexamined.
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Eskola, Paakkinen, Paukkunen, Salgado ’1 6 £r
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For the gluons, only the shadowing depletion is established
although its magnitude is still discussed.

The gluon antishadowing not yet observed although used in many
studies; hence, absent in some nPDF fit.

The gluon EMC effect is even less known, hence the uncertainty
there.

The heavy-quark production at the LHC may help to understand
better the gluon density in nuclei.
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AUTOMATING OF
COMPUTING NPDF EFFECTS
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AN AUTOMATED CODE TO EVALUATE NPDF EFFECTNGH@

Lansberg, HSS |7

» Partonic scattering cross section fit from pp data with a Crystal Ball
function parametrizing | Ay, x|’

Kom, Kulesza, Stirling ’ | |

- K PL—(Pr)* )"
){1+6(P;—<PT>->§ L )

2
ATKSX1X2

Aky = H+ k)P = exp( _

min(P3, (Pr)?)
2 M, Mo
* It is in principle can be applied to any single-inclusive particle
production as long as knowing the fraction of initial partonic
|uminosity IN PI"iOI’i (e.g. gluon-gluon dominance for heavy-flavour production at high-energy collisions).
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AN AUTOMATED CODE TO EVALUATE NPDF EFFECT

Lansberg, HSS |7

» Partonic scattering cross section fit from pp data with a Crystal Ball
function parametrizing | Ay, x|’

2
ATKSX1X2

Kom, Kulesza, Stirling ’ | |
min(P2, (Pr)? ; ok P2 — (P2
Alkikz = H + k)P = —5 exP(—K S T>))(1+9(P'-T—<PT>-)'§ r ¢ T>]

7 M,%, n Mé
* It is in principle can be applied to any single-inclusive particle
production as long as knowing the fraction of initial partonic

|uminosity IN PI"iOI’i (e.g. gluon-gluon dominance for heavy-flavour production at high-energy collisions).
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AN AUTOMATED CODE TO EVALUATE NPDF EFFECT

Lansberg, HSS |7

* Partonic scattering cross sectionzﬁt from pp data with a Crystal Ball
function parametrizing |A,, % x| Kom, Kulesza, Stirling "1 |

2
ATKSX1X2

Ak, » H+ k)P = — exp( _

min(P2, (Pr)?) ok P2 —(Pr)?)”
. . )(1 +0(PF — (Pr))——T—
H H Q

* It is in principle can be applied to any single-inclusive particle
production as long as knowing the fraction of initial partonic
|uminosity IN PI"iOI’i (e.g. gluon-gluon dominance for heavy-flavour production at high-energy collisions).

* Applied to open/hidden charm/beauty hadrons (J/psi,Y, D and B)

* It is a way to evade the quarkonium-production-mechanism
controversy (at least to some extent).

* The key point to compute nPDF effects is to have a partonic XS

* It can be validated with state-of-the-art pQCD computations (eg.
FONLL, GM-VFNS)

* Any nPDF set available in LHAPDF 5 or 6 can be used

* Not Zet interface to a Glauber model (no centrality and no combination with

other CNM effects)
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AN AUTOMATED CODE TO EVALUATE NPDF EFFECT

Lansberg, HSS |7

Extensive comparisons directly with data
makes sense only when nPDF are the dominant CNM

One can test this hypothesis by comparing our curves with data
I'4

Global agreement = only nPDFs matter
One can go further in the theory-data comparison with reweighting

Bonus: since the pp yields are fit, the procedure sometimes hints a
normalisation issues (bar Rrg) which could otherwise be
misinterpreted as nuclear suppressions or enhancements.

It allows one to study different nPDF sets AND the scale
uncertainties as well as a better control of the theory uncertainties

Last but not least: it allows one to study different nPDF sets AND
the scale uncertainties as well as a better control of the theory
uncertainties

Disclaimer: it does not provide any insight on the production
mechanisms but provides us efficient and controlled (inter/
extra)polations of the differential XS in the space (xi,x2,y,pT).
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FITTING THE PP DAIA | @

- Starting with the |/psi
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FITTING THE PP DAIA

- Starting with the J/psi
» Extremely good fit of the LHCb data (bar «} ey

3.0cy<35 (x10°2)

may be the Ist bin) e

Lansberg, HSS |7

Prompt Jy production at Y5=8 TeV LHC
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FITTING THE PP DAIA

Lansberg, HSS |7

o Starting Wlth the J/PSI | Prompt J/y production at vs=8 TeV LHC

2 0cy<2.5 107 F——

+ Extremely good fit of the LHCb data (bar | roerieniies

may be the |st bin) remirsgoe
* Not as good at high pt with CMS ... '
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FITTING THE PP DAIA

Lansberg, HSS |7

Prompt Jw production at vs=8 TeV LHC

Starting with the }/psi

Extremely good fit of the LHCb data (bar
may be the Ist bin)

Not as good at high pt with CMS ...
But very good with ATLAS

10%
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FITTING THE PP DAIA |

Sta rti ng W|th the J/PSI | Prompt J/y production at vs=8 TeV LHC

2 0cy<2.5 107 F——

Extremely good fit of the LHCb data (bar 25720410 o

3.0cy<3.5 (x10°%) =

may be the |st bin) 257ch0 (AT o

Not as good at high pt with CMS ...

But very good with ATLAS
Tension between CMS - ATLAS ?

Prompt J'w production at ¥s=7 TeV LHC
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FITTING THE PP DAIA |

- Above exercises can be used also for Y, eta c, D, B etc

- Especially, one can compare with relatively well-
understood pQCD computations for open charm/beauty

* For example, extremely good fit for D® measured by LHCb

Prompt D° production at vs=5 TeV LHC

——
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RESULTS FOR PA: D°

Lansberg, HSS |7

Prompt D” production at vSy=5.02 TeV LHC
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RESULTS FOR PA: J/PI

- nCTEQI5, EPPS16, EPSO9 etc

Yorteres
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Lansberg, HSS |7
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FIRST STEP TOWARD THE
INCLUSION OF HF DATA IN

AN NPDF FIT: reweighting
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REWEIGHTING FOR HESSIAN PDFS

Giele, Keller "98; Ball et al.’ | |; Sato, Owens, Prosper ’|14; Paukkunen, Zurita ' 4;

Convert Hessian error PDFs into replicas

N

fk=fo+z

2. Calculate weights for each replica

+
H -1

4

1_2
e_QXk/T

Wi =

T ’
A Nrer = xR/T

1

Jr\rrcp

. Calculate observables with new (reweighted) PDF's
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REWEIGHTING FOR HESSIAN PDFS

Giele, Keller "98; Ball et al.’ | |; Sato, Owens, Prosper ’|14; Paukkunen, Zurita ' 4;

Convert Hessian error PDFs into replicas

N
1.6

14F -
i replica

Calculate v 12 |

o2

<i
5
L
2 7
o

Calculate ol

GDR QCD, CLERMONT-FERRAND HUA-SHENG SHAO

Tuesday, July 24, 18



USED DATA SET

Kusina, Lansberg, Schienbein, HSS 17

D° J/v B—]Jly Y (15)

2
Ko \/4M o + P2 s \/ W+P2TW \/4M123+ (MWPT,/V,) \/Mms) + P2 Y1)
p+p data LHCbD (1) LHCb (2; 3) LHCb (2; 3) ALICE (4), ATLAS (5),
CMS (6), LHCb (7; 8)
Rypy data | ALICE (9), ALICE (10; 11), LHCb (12) ALICE (13), ATLAS (14),
LHCb (15) LHCb (16; 12) LHCb (17)

LHCDb, R. Aaij et al., JHEP 06, 147 (2017), 1610.02230.

LHCDb, R. Aaij et al., Eur. Phys. J. C71, 1645 (2011), 1103.0423.
LHCDb, R. Aaij et al., JHEP 06, 064 (2013), 1304.6977.

ALICE, B. B. Abelev et al., Eur. Phys. J. C74, 2974 (2014), 1403.3648.
ATLAS, G. Aad et al., Phys Rev. D87, 052004 (2013), 1211.7255.
CMS, S. Chatrchyan et al., Phys. Lett. B727, 101 (2013), 1303.5900.
LHCDb, R. Aaij et al., Eur. Phys. J. C72, 2025 (2012), 1202.6579.
LHCDb, R. Aaij et al., JHEP 11, 103 (2015), 1509.02372.

ALICE, B. B. Abelev et al., Phys. Rev. Lett. 113, 232301 (2014), 1405.3452.
ALICE, J. Adam et al., JHEP 06, 055 (2015), 1503.07179.

ALICE, B. B. Abelev et al., JHEP 02, 073 (2014), 1308.6726.

LHCDb, R. Aaij et al., (2017), 1706.07122.

ALICE, B. B. Abelev et al., Phys. Lett. B740, 105 (2015), 1410.2234.
The ATLAS collaboration, (2015), ATLAS-CONE-2015-050.
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USED DATA SET

Kusina, Lansberg, Schienbein, HSS ’ |7
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REWEIGHTING RESULTS: D° AND J/PSI

68% CL Kusina, Lansberg, Schienbein, HSS ’ 17

nCTEQ15 EPPS16 _nCTEQ15 EPPS16
: 2Oligirllall ,E.' ,ReYv?ithed.. LH(I:b dat.a s .AL'(.:E Qa@ SR O’.'%'".a', r_‘] Rlewe:lglht'ed . 'LHCb data M.

—
—
]

.LI,quo

Changing the scale
has two effects:

1) the uncertainty
tends to increase at
low ur

2) since the shad-
owing suppression
(in/de)creases for
(de/in)creasing

ur, the reweighted
nPDF from data
shifts within
the original

. uncertaities

Rpr-s 2-10 (1) 2 3 -3-2-1 0 (1) 2 3 Rpr-S 2-1012
Yems(D™) Yems(D ™) Yems(J/W)
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REWEIGHTING RESULTS: B->]/PSI AND Y

68% CL Kusina, Lansberg, Schienbein, HSS ’ 17

~ nCTEQ15 EPPS16 ~ nCTEQ15 EPPS16
19 O{lg;llnlall D: ' R'ewe:|ght'ed 'l:l' 'LH(IJD Qata ot OrJ!na! = nge!ghted . ALICE data re+ ATLAS data =

72 T

I —— LAY s

f i

Compared to the D
and J/ v cases,

1) the scales uncer-
tainties are smaller,
but

2) the data are not
yet as precise

0.6

HELAC=-Ohia 2 .U

Rppb-3-2 -1 01 2 -3-2-101 2
Yems(J/W) Yems(J/W)
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RESULTS OF REWEIGHTED NPDFS

Kusina, Lansberg, Schienbein, HSS ’17

68% (L
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L) --\-"\

e e e
! ‘- “ ‘-
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% .
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e Wy Wy

10°10%10310210"

X

10°10%10°10210"
X

1* Global coherence

of the data

constrains:
necessary condition
to assume a
shadowing-only
approach

First clear exp.
obser. on gluon
shadowing at low

Xbij: visible reduction of
EP‘PS | 6 uncertainties;
confirmation of
nCTEQIS
extrapolation
(reduction after
including two similar-
good extreme cases)

* The scale ambiguity for D and J/psi production is now the dominant uncertanity
* B or non-prompt }/psi are promising if precision of the data can be improved
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RESULTS OF REWEIGHTED NPDFS

68% CL Kusina, Lansberg, Schienbein, HSS ’17

o nCTEQ15 o EPPS16
Original O  Me=Hy @ re=2.0p 3 ne=0.51, Original [0 ety @ ue=2.0uy [ pe=0.5y, 3

il T e A1 . }* Global coherence

141 AT ] 147 1 of the data

12 o’=4Gev® AT : - = | constrains:

) E— L | E— L N e necessary condition
| o H & ¥ NMTTIHs R to assume a

. . o if Y shadowing-only

0.4 W, :

08 -

First clear exp.
obser. on gluon
shadowing at low

Xbi: visible reduction of
EP‘PS | 6 uncertainties;

16
14
1.2
1 -
08 | _ 0.8 RN S . confirmation of
o6 il Mmoo kg nCTEQI5
R .; R extrapolation
£ (reduction after
including two similar-
good extreme cases)

-

»,
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-
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v
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>
-,
277

o

04|

Pb :
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X X g X X

* The scale ambiguity for D and J/psi production is now the dominant uncertanity
* B or non-prompt }/psi are promising if precision of the data can be improved

- Confirmation of the existence of a gluon anti-shadowing: | R;(0.05 5 x <5 0.1) > 1 ‘
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RESULTS OF REWEIGHTED NPDFS

Kusina, Lansberg, Schienbein, HSS 17

JIy B— J/W T(1S)

71 37 12

¢ 39 14
Original nCTEQ15 ¢ _ 23 11

15 11

¢ 14 13
Reweighted nCTEQIS ¢ : 11 11

11

10

Original EPPS16 10

¢ 37 59
Reweighted EPPS16 ¢ : 37 59

37 59

10
10
11

9
9
7
8 11
7
7
7

* The chi2 are improved in general !

GDR QCD, CLERMONT-FERRAND HUA-SHENG SHAO
Tuesday, July 24, 18



VALIDATE WITH FONLL FOR OPEN CHARM/BEAUTY &

0 Kusina, Lansberg, Schienbein, HSS ’ 17 : rS
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PREDICTIONS & CONSISTENCES

68% CL Kusina, Lansberg, Schienbein, HSS ’17

0 - —
Prompt D* production at vsy\=5.02 TeV LHC e Other observables: e.g. Rrg

EPPS16 Original 3 :
Reweighted E
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PREDICTIONS & CONSISTENCES

Kusina, Lansberg, Schienbein, HSS ’| 7

* Other observables: e.g. Rrs

« Consistent with other
measurements.

Reweighted
B — J/ T(1S)
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PREDICTIONS & CONSISTENCES

Kusina, Lansberg, Schienbein, HSS ’| 7

* Other observables: e.g. Rrs

« Consistent with other
measurements.

- Reweighting method is still
reasonable from the large number
of surviving nPDFs

JIw

B— J/y T(1S)

nCTEQIS

3423
5906
5479

6584 9508
7859 9830
8625 9929

EPPS16

3304
4204
4462

7914 9724
8444 9875
8783 9932
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PREDICTIONS & CONSISTENCES

Kusina, Lansberg, Schienbein, HSS ’| 7

Other observables: e.g. Rrs

Consistent with other
measurements.

p-Pb |s,,, =8.16 TeV

* ALICE inclusive Jiy Reweighting method is still
' LHCb prompt Jiy (PLB 774 (2017) 159) reasonable from the large number
of surviving nPDFs

‘lllll[[

! New LHC measurements versus
] EPS09NLO + CEM (R Vogh) ™ ) 3 our new predictions start to
[ 1 nCTEQ15 (J. Lansberg et al.) appear.
[ ] EPPS16 (J. Lansberg et al.)

CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)
[ ] Energy loss (F. Arleo et al.)
== |ransport (P. Zhuang et al.) ALlCE | 8050438 |
=== Comovers (E. _I-'errenrol)
P T T [ 11 L1l

4 3 2 -1 0
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CONCLUSIONS @

* Gluon nPDFs at low x are extrapolated: no low x data used in fits

— | need for new constraints | at x < 107>

* We have Eroposed a quick and robust method to evaluate nPDF
effects, which is complementary to full but time consuming pQCD

computations

* With standard theory-data comparisons, and with (n)PDF Bayesian
reweighting technique, we tested and validated a shadowing-only

hypothesis with HF (D, J/psi, B->)/psi,Y) LHC data

* Under this hypothesis, we call for an experimental observation of
shadowing and anti-shadowing

* We thoroughly considered the scale uncertainty in pA for the Ist time

* For charm, it induces uncertainties as large as the reweighted nPDF er

* Other HF hadrons as well as the HF leptons could be added to the list
as well as other differential data [no drastic change expected with the

current data]
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CONCLUSIONS @

* Gluon nPDFs at low x are extrapolated: no low x data used in fits

— | need for new constraints | at x < 107>

* We have Eroposed a quick and robust method to evaluate nPDF
effects, which is complementary to full but time consuming pQCD

computations

* With standard theory-data comparisons, and with (n)PDF Bayesian
reweighting technique, we tested and validated a shadowing-only

hypothesis with HF (D, J/psi, B->)/psi,Y) LHC data

* Under this hypothesis, we call for an experimental observation of
shadowing and anti-shadowing

* We thoroughly considered the scale uncertainty in pA for the Ist time

* For charm, it induces uncertainties as large as the reweighted nPDF er

* Other HF hadrons as well as the HF leptons could be added to the list
as well as other differential data [no drastic change expected with the

current data]

Thank you for your attention !
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