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Introduction

Nuclear Parton Distribution Functions (nPDF)
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Different interpretation of the pion data

Hadron observables: sensitive to possible modifications of fragmentation function

and hadronization

RHIC Rya, dAu 200 GeV/c

this fit (nFF) =
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— Different interpretation of the data!
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Dijet pseudorapidity
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- Less sensitive to fragmentation functions and hadronization effects
« Can be calculated with pQCD with small theoretical uncertainties
« Normalized distribution: lead to smaller theoretical and experimental uncertainties
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Dijet pseudorapidity in the LAB Frame

A

,/Q r

ldea: Angular dlstrlbutlons of high p- dijets
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Measurement in the lab frame
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Distribution shift to positive value due to
asymmetric proton and lead ion beam energy
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Dijet pseudorapidity in the LAB Frame
Q- ldea: Angular distributions of high p dijets
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Mapping onto regions of Xg
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Dijet Rapidity Measurement ng;ie; = (Ny+ N,)/2

Xp EPJC 74 (2014) 2951
i 0—»4— g
CMS pPb 35 nb™ Xeo Wos[- - CT10 (@) 3
- - CT10 + EPS09 .
Vsyn = 5.02 TeV WE oPb E
Pr,> 120 GeV/c 5 3 [ ]
S| T B -
P, > 30 GeV/c £ ] 0.3 - E
Ao > 213 - & -
1,2 Z 02 -
4<y[<5.2 C -
AllE; ™ x ]
0.1 —
|""|'"'|""|""|""- -
(b) ]
0.02-— 58 b + i
& t
- . ¢ )
= I B AR
Z 0= Cl " 3 .
ﬂlﬁ B, ,"_JJ{ --"o L .
= Tl
o % g
i o4 1 ]
-0.02- o CT10 -+ * CT10+EPS09 -
---- CT10 Unc. — CT10+EPSO09 Unc.
Exp. Unc Exp. Unc
Il I | T I T I | I T ] I | T 1 I | T | I L1 1 1 I | I I I - | I | I I |
-2 1 0 1 2 2 1 0 1 2 3
ndijet ndijet

Inconsistent with CT10
(nucleon PDF)
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Consistent with

CT10+EPSO09
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Good agreement with EPS09

New constraint on the gluon nPDF!!
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What's new at HP20167

 First paper: Asymmetric jet p; selection used to search for jet
guenching in pPb [ErJc 74 (2014) 2951]

« Update: Switch to Balanced dijet selection reduces the contribution of
three jet events making the correlation between ng;,, and x better
[CMS-PAS-HIN-16-003]

* pp reference data at 5 TeV: L ~25.8 pb:
« Cancellation of uncertainties (pPb and pp)
* (bPb —pp) or pPb/pp: less sensitive to the pp baseline calculation

+
PTt1TPT,2 o Q

* Measurement of dijet n as a function of p7*° = ==

« Test nPDF at different Q2 scale

« Results are compared to NLO calculations from N. Nestor, H. Hannu,
P. Zurita and C. A. Salgado
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Dijet Kinematics Selection

« Jets reconstruction:
» Anti-k; R = 0.3 particle-flow jets using both tracker and calorimeter information.
* pPb analysis: |n,,| <3
* pp: —3.465 < |n, | < 2.535 to compare with the pPb data
* No UE subtraction
« Data-driven energy correction using dijet, photon-jet and Z-jet

* Dijet selection:
* pr1 > 30 GeV
* pro > 20 GeV
* Ap > T/

» Studied as a function of p7¥¢ = pT'l;rpT'z x Q :

e 25, 55, 75, 95, 115, 150, 400 GeV
 Vary the Q2 by ~ a factor of 30

Yen-Jie Lee (MIT) Dijet pseudorapidity in pp and pPb @ 5 TeV 11 T’



Dijet n In pp vS. p:2€ (boosted to match pPb)

VS = 5.02 TeV p_.>20,p_ >30GeV,Ad  >2n/3 pp 25.8 pb™
"'CM'S'"""""'|""|""_""I""I,""I""I"','I""_""I""I""I""I""I""_
[ - = pp ]
0 4- Preliminary I T s Exp. Uncer. ]
_ Sma” QZ 1600 - 1 MMHT14
8| ® . T 1 CT14 ]
- %0.3— - T T ]
Z 1= - - ) - - ]
-:i; ‘| e 3 - ko N
—| 50.2 - - - T - - .
prd - - ]
0.1F - m. T m. == T - .
L ™ 25<p?® <55GeV I & 55<p™<75GeV I & 75<p?®<95GeV
[ w T -l T —a] w T —g
: I tLarge Q? &= ]
04r T X T 4 % = .
- - Pl ] e, 1~ 4x10% . = ]
={l-_,}‘ "d)" B B, mﬂm i M. A, T .
o '503__ T T ]
Z :’ = sl ol - - w E .
o B - ]
~| 50.2F - T " w T .
Zﬂ - -y - " " .
0.1 ¥ - - T - e
k3 95<p <115 GeV 1 = 115<p <150 GeV - pa"'e>150 GeV i
_|_,|_._|_”m r ool |T| T T L -Jj -Irl Ll L et ) |_h.[_‘l"| I I e e ' |—|-—_--

-2 -1 0 1 2 —2 —1 o 1 2 -2 -1 0 1 2
CMS-PAS-HIN-16-003 it it M gijet

* NLO calculations with both CT14 and MMHT14 PDFs are
- MMHT14 gives a slightly better description of pp data
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Dijet n In pr VS. pave
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« NLO calculations with nucleon PDF + nuclear effects are closer to pPb data.
« However, the discrepancy found in pp is hidden in this comparison

Yen-Jie Lee (MIT)
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Ratio of pPb and pp vs. p2'¢
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» pPDb/pp ratios are compared to NLO calculations with nCTEQ15.
« The data and NLO calculations are not in agreement in all p;2'¢ bins
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Ratio of pPb and pp vs. p2v¢
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» pPDb/pp ratios are consistent with EPS09 at the edge of the uncertainty band
in the anti-shadowing and shadowing region

» At low p; and in the EMC region data starts to deviate from EPS09
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Ratio of pPb and pp vs. p2v¢
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* At low pr and in the forward direction (EMC region) data starts to deviate from EPS09 and agree with DSSZ

« Data and theoretical uncertainties are large in this region
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« At mid-rapidity: better agreement with EPS09 (slightly more anti-shadowing compared to data)
and discrepancy nCTEQ15

« Similar to the conclusion from pPb / pp ratios

CMS-PAS-HIN-16-003
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Outlook: 2016 pPb run at 8 TeV

(Forward) Dijet Doubly b-tagged jet
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* Precision measurements of dijet n in pp and pPb from CMS
« Data from pp collisions and NLO calculations are not in good agreement

 Ratios of pPb and pp reference: Reduce the dependence of the nPDF
extraction on the pp NLO calculation and experimental uncertainties

« Significant modifications of dijet n in pPb observed. The data in
different p;2'¢ bins provide strong constraints on the (gluon) nPDF
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Dijet n in pPb
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 Narrower distributions in MMHT14 are also reflected in nPDF calculations which
use it as a baseline

« To reduce the dependence on proton PDF take ratios and differences of pPb and
pp data and compare afterwards

Yen-Jie Lee (MIT)
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Dijet n in pPb (CT14 basedline)
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+ NLO calculations with nPDFs are closer to pPb data.
« However, the discrepancy found in pp is hidden in this comparison
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 Anti-shadowing region. Similar evolution in NLO and data vs p3'¢

« At mid-rapidity: Agreement with EPS09 and discrepancy with DSSZ and nCTEQ15
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* At low pr and in the forward direction (EMC region) data starts to deviate from EPS09 and agree with DSSZ

« Data and theoretical uncertainties are large in this region
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« Atlow p; and in the forward direction (EMC region) data starts to deviate from EPS09,
agrees better with DSSZ

. The systematic uncertainties and theoretical uncertainties are large in this reglon
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