PDF flavor determination and the nCTEQ15 PDFs

updates from the nCTEQ collaboration
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Motivation for nPDFs??? 2

Make predictions for heavy 1on collisions at:

RHIC

LHC (pPb, PbPb)

(Al, Ay, Cu, U, ...)

Differentiate flavors of free-proton PDFs:

neutrino DIS
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Impact of Nuclear Corrections on Proton PDF

Neutrino DIS

Depends on
nuclear
corrections
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“... for the time being it is still appears advantageous to retain nuclear
target data in the global dataset for general-purpose PDF determination”




... the motivation for nCTEQ

Isospin
violation

DGLAP violation???

saturation quark-gluon

plasma
Nuclear
PDFs

resummation

QCD
QED ‘ ‘ hi-x
Proton

. PDFs

low-Q?2 e.g. flavor
), differentiation  jet
higher twist quenching target mass

hon-linear QCD shadowing corrections
A Kusina,
Ko 1Sl Data from nuclear targets play a key
T. Jezo, ) | . o
D. Clark, role in the flavor differentiation
C. Keppel,
F. Lyonnet,
J. Morfin,
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J. Owens,
}' %{c&uenbem, nuclear parton distribution functions
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How well do we know the strange PDF? pp — W/Z Production °

... Stepping stone to charm, bottom, ...

Neutrino DIS &
g strange
“.._ contribution

Cross Section
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LHC 14 Tev  (c) do/dy for W— (left), W+ (middle), Z° (right) boson production at the LHC with V'S = 14 TeV.
Strange Quark PDFs and Implications for Drell-Yan Boson Production at the LHC. A. Kusina, et al.., Phys.Rev. D85 (2012) 094028



... at DIS2017 we heard ...

= Electroweak and QCD Measurements

at the Large Hadron Collider
Strangeness in the Proton arXiv:1612.03016

Q% =1.9 GeV?, x=0.023 ATLAS
A ABM12

= NNPDF3.0
* MMHT14

v CT14 -

o ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty
exp+mod+par uncertainty
exp+mod+par+thy uncertainty
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s+S +0.01

= Guimaﬁf o ‘ - = 1.13 £ 0.05 (exp) £ 0.02 (mod) "y (par)

Do it yourself!!!

Try xFitter

IHEP, ChinesejAcademy of Sciences u+d

Birmingham, 3\April 2017




..._I want a second opinion, ... 7

Jy @ ls(z, Q) + 5(x, Q)] da
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... yes, details depend on {x,(0°}

Koo = 0.7320.11

Carl Schmidt October 2015: INT Workshop

... whatever you
want it to be
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W/Z Production in Proton-Lead and Lead-Lead

* Sensitive to s(x) in new kinematic range with new A

* Provide complementary information to proton-proton W/Z production
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nCTEQ15

The Ingredients



Data sets & cuts for nPDF fits

NC DIS & DY
SLAC E-139 & E-049
N = (D, Ag, Al, Au, Be,C, Ca, Fe, He) DIS Cuts:
nCTEQ: Q>2.0 & W>3.5
CERN BCDMS & EMC & NMC EPS:  Q>1.3
N = (D, Al, Be, C, Ca, Cu, Fe, Li, Pb, Sn, W) HKN:  Q>1.0
DSSZ: Q>1.0
DESY Hermes S
N = (D, He, N, Kr) 10 T
f == ENC nCTEQ15: 740 data points |
FNAL E-665 i Zéﬁns EPS09: 929 data points e :
N = (D, C, Ca, Pb, Xe) 102} S eyt i .
e%e FNAL E665 .’;-“g fg igw‘.:
FNAL E-772 & E-886 Lo ovirma i 153
N = (D, C, Ca, Fe,W) T BETE A BT
o 10 E X gg X0 ¥ ”ﬁ?*
U Q cut Xx % 5xx s % o N
Neutrino DIS* = [ e ;iaslom = gl ERA 1T
NuTeV CHORUS CCFR & NuTeV | s L2 AR )
N =Pb & Fe 10°} R R 1144
[ . 7
Pion Production: : o R
RHIC: PHENIX & STAR Wil e w . Wt
N=Au E * S o
10" 107 107 10" 10°
will show comparision w/ LHC pPb T

proton vs nuclear: fewer data and more DOF ... impose assumptions on nPDF's



Mechanics of nPDFs 11

1) Multiplicative nuclear correction factors (HKN, EPS, DSSZ)
A t
fzp/ (CUN)QO) — Ri(ZENaQO)A) fifree pre On(xNaQO)

1.5
Yat

... for example
10

e a; + bix + c;x? +dixd |F
Ri(r, Qo A) =1+ (1= 4 ) —0s—— | &

2) Generalized A-parameterization (nCTEQ)

A
7 @ o) = filzn, A, o)

fi 0.5
f ~ ...CCCl(A)(l _a:,)CQ(A)”. 2"0.4
ClL o~ C —|—C (1 L A Ck,Z) 0.2 ]
k /k ,0 k ’1\ / o1t All nuclear A values \
Proton Nuclear a . : 1

use proton as a Boundary Condition



Nuclear PDFs: Complementary efforts in general agreement

wcTEQIS |07 | —
EPS09 0.6 & neey

DSSZ 05 HKNO7
HKNOT o4 SN 0-10 GeV

EPS09: Eskola, Paukkunen, Salgado
HKN: Hirai, Kumano, Nagai
DSSZ.: deFlorian,Sassot,Zurita,Stratmann

2
Q = 10GeV
Nuclear PDFs are more complex = 19t CTiislo — — nCTEQLS Ph
more DOF than Proton case £
more “issues’ to consider <
% g5 Nuclear vs Proton
more work to do ... Uncertainties

103 . 1



W/Z Cross Sections

Flavor Determination

Vector boson production in pPb & PbPb

A. Kusina, F. Lyonnet, D. B. Clark, E. Godat, T. Jezo,
K. Kovarik, F. I. Olness, I. Schienbein, J. Y. Yu,
arXiv:1610.02925 [nucl-th]



W/Z Production 14
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15

p Pb - W/Z and Nuclear Corrections

no Nuc Corr ——
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Vector boson production in pPb & PbPb PP

A. Kusina, F. Lyonnet, D. B. Clark, E. Godat, T. Jezo,
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p Pb - W/Z and Nuclear Corrections
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lead kinematics
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o Correlations: Scan in “x” and flavor combinations

17

lead kinematics

Scan in Rapidity aans W' esos W-|
|— nCTEQLS i CT10+EPS CT10 3 larger x smaller x
24 . : : 45 : . : 26 :
= . + , =
Zj3 y<-1 o WL L i<l oy W- L= y>1 W+, W
< 2| ’” Ly ] 2 40 o - 2 2| A T
= ¢ r,I prouy e & - N o .',J ‘, 'r’
3t W+ /,T oLy T : ’( ; T 20! i LA
- P ol > 3 = o 'of
E = 20 e :‘f = 5 wy 18 kX o
o T 8 » 4 T i y
8 19 B ‘o N 30) 7 Ny 161 % 4 2
T 18} N ,,’r T A % ’ T 5l 2
0 : i ; - "
o Ay g A 7! ’
B 37 ' ' 2, . £ 8 10| 8!
Y : . 2 2| ) ) 21 &
16} " - g Wi ‘N 7+ 10} +]
15 - - - - - 20 - - . - 8 - b ' —
60 70 80 90 100 110 120 130 140 100 120 140 160 180 200 220 50 100 150 200
o(pPb— W— {v) [nb] o(pPb— W — fv) [nb] o(pPb— W — £v) [nb]
« W*/Z provide different linear combinations
* Rapidity scans different x regions
i I == 0 /e =
31 = .l LHCb [ ALICE
L hiy " A |
small x L)
21 L & i _|_ _
il ‘. ] W ~ clx)s(x
B
ol ~ . ) |
ol W, | | 1 J— -
hi x - - ~ 8 (I) C(x)
= o w° A Z small y T
Sl VAT o af s —
T2

A. Kusina, et al., arXiv:1610.02925 [nucl-th]



o Correlations: Scan in “x” and flavor combinations

18
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W/Z Cross Sections

Compare
2 vs. 5 Flavors

Vector boson production in pPb & PbPb

A. Kusina, F. Lyonnet, D. B. Clark, E. Godat, T. Jezo,
K. Kovarik, F. I. Olness, I. Schienbein, J. Y. Yu,
arXiv:1610.02925 [nucl-th]



Impact of {s,c,b} PDF 20

C M S eoo® 2 flavours Asnss b Ilavours
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A. Kusina, et al., arXiv:1610.02925 [nucl-th]



... work in progress
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In Progress:

Add p Pb - W/Z
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Pb Pb Asymmetries



Pb-Pb W Charge Asymmetry 24

AN(WT = 4Tuy) —dN(W ™ — £~ 1)
AN(W* = lTv) +dN(W— = L~ 1y)

Ap(ye) =

0.4 . . . . L i ' no Nuc Corr
0.3l | 0.3F
I | 0.2} [ ; w/ Nuc Corr
ATLAS PbPh, W char. asym. v5 =2.76 TeV Bl CMS PbPb, W char. asym. v's =2.76 TeV l ]
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Fig. 10: W charge asymmetry for PbPb collisions at the LHC with /s = 2.76 TeV as measured by the ATLAS
and CMS collaborations. Corresponding predictions obtained with nCTEQ15 and CT10 PDFs are also shown.



Compare w/ EPS09 & EPPS16: 25

EPS09:
x2/DOF 731/929

15 total parameters
5 Parameters for R

Fit Ratios

EPPS16:

x2/DOF 1789/1811

20 Parameters

9 Parameters for sea PDFs
LHC pPb W/Z & dijet
Fit Ratios

nCTEQI15:
x2/DOF 587/740

18 Parameters (inc. 2 norm.)
2 Parameters for s(x) PDF
Fit PDFs (w/ base proton)

EPS09

Il reweighted R (EPS & CT)
1.2+ Il old R, (EPS & CT)

0.8
0.6
0.4F

0.2+ glllOIl

O‘O L L L 1
10 1073 107 10* 10°

EPS09: HEP 0904 (2009) 065

EPPS16:Eur.Phys.J. C77 (2017) no.3, 163

nCTEQI15 generally
compatible with EPPS16



... progress on
c(Xx) & b(x)
PDFs



“Turn on” heavy quarks (c,b) at an arbitrary scale fLip 27

Traditional VFNS
APFEL has a new feature raditiona

included in xFitter f(X,Q) N =

We can adjust the matching scale for
the heavy quark PDF transition

Q Grids
Z
|l

Q Scale
Q0 m m m

charm bottom top

What are the benefits? New APFEL Flexibility

1) avoid discontinuities in the

middle of data sets N =5

2) avoid delicate matching
in region yu~ mcb

N, Sub-schemes
2
I

Impact of the heavy quark matching scales in PDF fits top
The xFitter Developers Team: V. Bertone, et al., arXiv:1707.05343



The matching conditions are non-trivial, especially at NNLO 28

03 r T T o T T ) ." ¥ v LA | 0.3 T T J T i J J
[ NLO initial condition at g, = p ' - NLO initial condition at g, = M
[ standard (Y, = m) PDF [ - NNLO initial condition at g, = p
0.2 - —— p,,=2mPDF 0.2 - standard (., = m) PDF 7
| ——— Hm=m/2 PDF ~—— i = 2 m PDF
| [
0.1 ] 01 — Hm=m/2PDF

x=0.005

Figure from Valerio, Dubna Meeting -

01 x=0.005 ] 01 B

&
| ] ;
0.2 | . - | I - u
o - i 4 .

-0.2 Coe : -
2 5 10 20 30

p [GeV] i [GeV]

NLO Matching Condition
_ 9\ -

Qg
fo (@, p) = (== Pio+ Prlog 'LL—Q ®f;(:13,,u)

27-‘- B \ \ mb -
Leading
Zero at DGLAP

Leading Order contribution

Impact of the heavy quark matching scales in PDF fits
The xFitter Developers Team: V. Bertone, et al., arXiv:1707.05343



Turn on Bottom PDF at arbitrary scale y, : 29

0.25 , , | | 85
x = 0.01
0.20 - 5 Flavor 8.0l 4 Flavor
E /
& 0.15 | E |
S =
+ 0.10 10my |l =
S Lmy By S 70}
= o)
Moo 5 Flavor
4 Flavor °-5r
| L Hmo = 0.01
0 1'0 2'0 3'0 4'0 50 6'Oo 1'0 2'0 3'0 4'0 50
i Gev uw GeV
Turn on Depletes
bottom PDF gluon PDF




Impact of Flavor Transition on X2 30

AAAMAAL 1.02 ¢
1.06 - Charm AN Bottom
A
JA NLO X2 1.01
X2 AA 3 NNLO
2 A X0 **%000 2000000000 o
A sovons =
X5 1.02 e 1.00 vosoras




A proposal: Consider N dependent PDF 31

| N,=6
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flexibility of flexible matching, _E N,
g N-
Advantages: Z] .
* avoid discontinuities in data 4 N,=3
* avoid delicate cancellations
* minimal set of PDF grids Q Scale
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140.
... for example, simultaneously 130.}
1) analyze HERA 1n N =4 6: 120.
| < 110,
2) analyze LHC in N =5
100.; Nr=6
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Impact of the heavy quark matching scales in PDF fits Q GeV

The xFitter Developers Team: V. Bertone, et al., arXiv:1707.05343



LHeC/FCCeh/PERLE Workshop:
27-29 June2018 @ LAL Orsay, France

cern.ch/lhec

LHeC Workshop

27-29 June2018 (@ LAL Orsay, France

Overview

Registration

Participant List The LHeC is a proposed upgrade of the LHC to enable luminous electron-proton and
electron-ion collisions to take place in the final phase of LHC operation. Its design is based

Access and transport on a high current, multi-turn energy recovery electron linac, arranged tangentially to the

AR EARHER LHC. A small ERL facility, PERLE, is under design to possibly be built at Orsay. The ERL is
considered to serve also as the baseline for electron-hadron collisions at the future circular

Internet access collider, the FCC-eh. The workshop discusses the physics, accelerator, test facility and

| HeC Wbk detector developments in view of the updated documents, on the LHeC and FCC-eh, to be
prepared for the deliberations of the forthcoming European and global strategy debates in
the next years. It takes place at CERN, in a three day plenary session format, combining

invited overview talks with shorter, topical contributions. The goal of the workshop is to
] Ihecws@camich review the update and to progress on the various developments which have taken place

following the LHeC workshop in 2015.
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W/Z @ LHC w/ pPb & PbPb
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