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Impact of Nuclear Corrections on Proton PDF
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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”



Nuclear PDFs

The Cast



... selected NLO Nuclear PDF Fits 4
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Nuclear PDF

The Ingredients



Data sets & cuts for nPDF fits

NCDIS & DY
SLAC E-139 & E-049
N = (D, Ag, Al, Au, Be,C, Ca, Fe, He)
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will show comparision w/ LHC pPb T

proton vs nuclear: fewer data and more DOF ... impose assumptions on nPDFs



Data sets & cuts for nPDF fits

NC DIS & DY
SLAC E-139 & E-049 DIS Cuts:
N=(D, Ag, Al, Au, Be,C, Ca, Fe, He) nCTEQ: Q>2.0 & W>3.5
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Heavy Ions at the LHC

... focus
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pPb Data for nCTEQ+LHC

No LHC data in any previous nCTEQ fit
* New nCTEQ+ + code using ApplGrid

predictions make this possible
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W/Z Production at LHC and the strange PDF 10
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“The ATLAS and CMS inclusive W and Z differential cross section data... support unsuppressed strangeness...
The result is dominated by the ATLAS data but is not in contradiction with the CMS data.”

.. arecent update ... A.M. Cooper-Sarkar, K. Wichmann, PhysRevD.98.014027



Some History: Di-muon production = Extract s(x) Parton Distribution 11

Extract s(x) Extract s(x) .
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Strange Quark PDF

& Nuclear Corrections
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Including W/Z
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p Pb - W/Z and Nuclear Corrections
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p Pb - W/Z and Nuclear Corrections
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Fit to LHC W/Z Data w/ Normalization
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include 1n fit w/
nCTEQ++

(using ApplGrids)



What 1s nCTEQ+ +?

* A complete rewrite of the nCTEQ FORTRAN fitting code n C+ +
* Changed the code to allow for modules when building a PDF

Evolution
Interpolation
Parameterization { PDF 1 nCTEQ++
* Use external programs
* Minuit &
« HOPPET [ Cuts J {I‘heory Prediction% |F/z‘\_\
’h“\./
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| 1 ] o
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P
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LHC p-Pb

W/Z, Data in fit
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W/Z Data in fit: LHC p-Pb
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W/Z Data in fit: LHC p-Pb
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W/Z Data in fit: LHC p-Pb
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W/Z Data in fit: LHC p-Pb
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W/Z Data in fit: LHC p-Pb 24
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a “‘toy” fit
with
xFitter



A Toy Fit with xFitter: (only 1 free parameter: K )
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pp @ LHC
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Disentangling

S(X)
and the

nuclear corrections



Strange Quark PDF & Nuclear Corrections
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Future Facilities



Future Facilities: LHeC 30
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PDFSense: Visualizing the sensitivity of hadronic experiments to nucleon structure 31

Sensitivity S : Extend concept of correlation (C) to include both pull and precision of experiment.
(lechnically, weight by scaled residual.)
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DIS at DUNE 52

Extract vH from C and CH2 targets:

vH — 6:': X Enhancing the LBNF/DUNE Physics Program
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New Data & New Theoretical Tools 36
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Extras



How can we include these new processes into the fit directly???

nCTEQ+ +




What 1s nCTEQ+ +?

* A complete rewrite of the nCTEQ FORTRAN fitting code n C+ +
* Changed the code to allow for modules when building a PDF

Evolution
Interpolation
Parameterization { PDF 1 nCTEQ++
* Use external programs
* Minuit &
« HOPPET [ Cuts J {I‘heory Prediction% |F/z‘\_\
’h“\./
- MCFM
| 1 ] o
- APPLgrid < i
P
{ Data Sets J:{ Chi2 ]\//
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Use MCEM + APPLgnd for pPb

pPb W/Z
Production Data

y N

@)

(6)

Special thanks to:
Florian Lyonnet
Eric Godat

APPL APPL|APPLgridPLgrid Lgrid
repli  repli| replicas fplica »lica

[ PDF Independent APPLgrid ]

(1)Data matched to pA-FEWZ
in reweighting

(2)Run FEWZ in symmetric pp - mode
(3)Compare pp FEWZ to pp MCFM

(4)Generate APPLgrid grids
* Using mcfm-bridge
* Different Monte Carlo seeds
(5)Combine replica grids into
a single PDF independent grid
- Using applgrid-combine
(6)Convolute PDF independent grid

with asymmetric PDFs
to compare to pAFEWZ

(7)Add data and grid in nCTEQ+ +
to fit W/Z LHC data
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Grids generated for pp can be used for
pPb !

Convoluted grids can then be compared to data and

used in nCTEQ+ + as theory predictions
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MCEM Processes Library (v6.8 £

MCFM: Vector boson pair production at the LHC, J. M.Campbell, R. K.Ellis and C.Williams, JHEP 1107, 018 "
(2012)

The APPLGRID Project: Tancredi Carli, Dan Clements, Amanda Cooper-Sarkar, Claire Gwenlan, Gavin P.
Salam, Frank Siegert, Pavel Starovoitov, Mark Sutton. Eur.Phys.J. C66 (2010) 503-524
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( p?) € p4 Hb{ps) + b(pa) + J(ps) + £ (p)in heavy top limit NLO 540 | Hi{bps) +b(py) + tps) + o) MO
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6 ( > e (p?)) v (p4)) PR AR A R P B0 O ) +00) < )+ W) ) w
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11 W (= v(ps) + e (ps)) + f(ps) NLO ||schiz, e Joldgemm, o | (ST brm i
— vips), €7 (pa e (ps), ips, Pr) Ps) Pa, 11 g A \
i H— Z(e= (), ) Zn=(s), 1 (pe))) + 4 r) + £() + S) | LO il j;(‘”"“' 1) + ) + o) ' &U
) + [(pa) NLOFF 554 | H((m) 4+ (pa) + o (ps) + €7 () + b))+ al) 0
12 “/ (—> l/(p3) + e (p4)) + (p5) N LO o)+ 1) =) + o) + ) Lo 557 | Hlvlp) + o)+ () + ,(,m i)+ alm) NIO
Jp Ip2) = i o T T
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( ) ( ) ) ( ) [ 1 ] L - - ! (s ; \
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16 '[1 i s = LO W{— e (pa) + 9lpa)) + ) + Flpe) Lo 366 | Z(e = (py) + e+ (py) )+ t—= wlps )+ (pg) +bpr)) + glps) + [lp) L0
€ p?) p4 p5 IJ ::;‘1' ;:t*'jtw;i'jt;vn% i ;L i :II:::JfF 67 | Ze = (py) + e+ (p)) 4 U= e (ps) + i) + b)) + glps) NIO
3 — & (pa) € P Ps Po) b iy
III— — 302 | Z°(— e~ (pa) + e (pa)) +1(ps) + () NLO 4 F 069 | Z(e = (py) e+ (po)) + = e (ps) + () + Mpr)) £ alps) + [ () Lo
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19 — ( e— ( ) l/(,’D )) C(p ‘) I'massless] LO 309 | Z°(— 3(uip) + #(p0))) + 20s) + Fpe) + Fpr) Lo 644 | H(= vipy) +e7(py) +Wps)) + 1= dlpr) +alps) + Kpg)) + Hlblpy) +bpy) | LO
[/[/ — p3 —+ 4 -+ 5 BIT] 7000) + Wpa) — W= o) + ¢ (pa)) ¥ i) o) o) BT | #(= glps) +7(pu) + blps) + (= o(pr) +¢(ps) + pe)) + Hbps) + b)) | LO
: ps) = W(— e . L Lo -
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6 W~ (= eps) + (pa)) NLO 104 ?:‘*’ () % “"JH”HI-,U*»& (pa)) :t“ WHCol) 4 () + 57~ ) \'\\J«\L e ' Lo n'H:’lc);z)‘JJr’wc:;:;;Jr:d;;Jr/t::);: J:Lﬁ:ﬁﬁ: : LO [TT‘ o s ) ) + L e 47 (‘”‘"JHM)“,J_H”( ('k'J_Jr (pa)) |10
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22 vipg) + et (py)) + flps) + £ pg) NLO 7 [ H(— Z°3 % (vlps) + 6(p)) + 2% (ps) + ™ (s)) NLO H(— b(ps) + b(pa)) + b(ps) (+9(m)) NLO 362 | o () — WH= * s 3 804 | GG = (x(ps) 4+ X(pa)) + [{ps) [Gluonie DM operator NLO
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27 e7(ps) + 2(pa)) + flps) + f(ps) NLO _ 2| H— wlps) +e7(pa) +Bps))+ H— b (po) + e (pr) + U(ps)) [racin.dk] NLO A0TT W= w(ps) + ¢ (pa)) + B(ps) [1,2 or 3 jets, 4FNS] NLO §22| 8= (x{py) + i(p)) + 10 [Sealar Medintor NLO+F
28 e7(ps) + 2(pa)) + flps) + f(pe) + fpr) LO 56 | Z°(— e (pa) + ¢ (pa)) + e(ps) + Elpo) NLO 13 | t— vlps) +eF(pa) +Bps))+ H— b (pg) + e (pr) + U ps)) + Fpo) Lo 202 W= vlpg) + e tpa)) + (b +B) ) [Lox 2 jots, 4FNS NLO 7 2 X(Py) + X il i A
20 ~(ps) + #(p)) + blps) + blps) + F(pr) LO T [ W= 0(py) + & (pa)) + W= o () ¥ o0pT) NLO L [t vlpy) ¢ () +Hps)) + E(— b (ps) + () + o) funcons) LO 403 | W¥(= ulpy) +¢* (py)) + ) + M) [2 o1 3 jets, 4FN NLO 83 ’75”‘\‘1"“\‘”J“““JP\“"‘“’ Scalar Mediator] NLO+F
ISR gl N e Rt 4 e T ol | e T T e Ty | SIS 08| 0 ) i) 1203 s, A sto [PV =T # XA+ T+ ] Vector Vel 1o
po ; . 6 — v(pg) + e (p, — qlps) + qlps)rad in.dk ; : .
32 Z (=3 x (v(p) + #pa))) NLO ol m ,P,’c,‘“)wc;]bmwhW?ff;ml:ﬁ" NLO 147 | th= vm) +e* (1) + {ps)) + (= b (96) + a(pr) + p)) [rad incop.dk] NLO 407 | (= ¢ () + opa)) + (b+B) ps) [L or 2 jets, 4FN] NLO 841 | A= (x(pg) + 1lpa)) + +/tm) Axal Vector Mediator] Lo
: Z Hﬁig()ﬁk‘ﬂ)ﬂ " 1&:; 65 | (= e~ (py) + 5pa)JIW* (= 0(ps) + d(py))rac.in NLO U8 | 1= w(pa) +e*(pa) + Bps)) + (= b () + a(pn) + a(p)) [racdin10"ak] NLO 408 | W=(= e~ (ps) + #lpa)) + blps) + Wpe) [2 o1 3 jets, AFNS) NLO 842 | 5= (x(ps) + Xpa)) + fps) + flps) [Scalar Mediator LO
5 Xl‘ul“:)iJi»ui‘:::J)) NLO 66 | W= v(ps) + e (pa)) + W (= e (ps) + #ps)) + [pr) LO :‘!:: (’E*:jt;j‘j:jt;j‘;ittﬁ;;1(’:*: t:f;i:t ;:t:j;; [ :":8 LT[ 7(p1) + Kpa) = W= vlps) + ¢ (pa)) + bips) T Fips) [5ENS NLO 843 | PS = (x(ps) +0(pa)) + f(ps) + f(ps) [Pseudo Scalar Mediator Lo
; o | 1 , e — alps ) ) + = b (g, (s, ‘ (o ) ; : o /
36 — wlpa) + e (pa) +b(ps)) + H— blps) + ¢ (p2) + #lpe)) | LO 69 | W*(— v(py) + e (pa)) + W {= e~{ps) + lpg) ) [no pol i” 151 | = qlps) + alpa) + blps)) + H—b (pg) + ¢~ (p5) + #lps)) [rad.ind”.dk] NLO 161 i Hp) = W e ““J*"“"J‘)M‘l”f[“fﬁ) [5FNS NLO 811 | GG = (x(ps )+\(ln) (.‘h)+ J(pe) [Gluonic DM operator L0
0 2= ) + ) F s NILO :_‘17 W 7taf’lllt)*’/!’lﬂlJJ*’Z”ta‘f (ps) + €7 (76)) VLU 157 | i#]for total Xsect NLO 421 U.rlgr'lilu)+r () +b(ps) [1,2 013 jets, 4F\§+3F\§ \.L() V= Ta) + 1)) 5]+ 1 ps) [Vector Moiator 0
42 Zo(— 3 % (v(ps) +0(pa))) + £ (p5) NLO 20 j“”‘l"J*'/’jJ’IJJ*'Z“C—“X“'AP-»J*—W;JJJ \LO 158 | bb[for total Xsect NLO 426 | (= e (pg) + #(pa)) + b(ps) [1,2 01 3 jets, 4FNS45ENG) NLO / Avial Vector Med N
43| 2= blps) + b)) + f(ps) NLO || T3] W e () + 21 Bl + b)) NLO 150 | céffor total Xsect NLO AT W (= W)+ € )+ D) + W) + Tlpr) [assive] ] A~ () + )+ 11p5) + /) Pl Vector Medntor
W[ 2= o) et () + 1) T ) NLo | | T W v )+ 20— 3 (dps) + o)) NLO 160 tf + lfor total Xsect Lo 35| (> () + ) + b+ ) + ) i Lo 5= (x{py) + 1(pu)) +7(ps) + f(pg) Scalar Mediator LO
A ARy AR o | B St e NS| (B[S W [ {88 ) o) Pt ]
16 g:w  (v(ps) + #pa)) + f(ps) + f(pe) EL" 77| Wt o () + #pu)) + 20— 3 % (el + Brlpe))) NLO 163 | 0= vlpn) +(oa) + Kpa))+ tlw)l-cinell > 0 NLO SO | wlps) + () + W) + 1= ) () + 20 + W5 o), (i) | NLO 902 | Check of Volume of 2 particle phase space
4 5 3 x i) + Plpa)) + flps) + M) + Flpa) 0 78 | W{— e~ (ps) + {pa)) + Z°%(— bips) + bips)) NLO 166 | &— () + o) + Hps)) + g(p)[t-channel] NLO 502 | (same us process 501 but with radiation in decay) NLO 903 | Check of Volume of 3 particle phase space
50 Z A= € (ps) €7 (pa)) + bips) + bl [massive] Lo 9| W= e () + o)) + Z°(— 3% (dlrs) +dlm))) NLO 167 | i e () +(pa) + Hps)) + a(pe) racdinclk] NLO 503 | £(= elps) +*(pa) + bps)) + H(—= b (o) +qlpr) +¢ (o)) + W (vlp). " (pro)) | NLO 004 | Check of Volume of 4 particle phase space
o1 Z%(— e (ps) + €7 (pa)) + bips) + bips) NLO 80 | W= e~ {py) + #lpa)) + Z%(— 2 x (ulp) + iifpy))) NLO 168 | i(— e~(p) +0(pa) + B ps)) + a(po) [t-channelJmb > 0 NLO 506 | £(— qlps) +9 (pa) +bs)) + = b () + ¢ (pr) + 2lps)) + W wlp)op*(pro) | NLO 005 | Check of Volume of 5 particle phase sps
52 Zo(— 3 % (v(ps) + 2(pa))) + blps) + B pe) NLO L[ 2%— = (ps) T e (pa)) + 2% 5 (ps) + 1 (ps) Lo ITL] = v(ps) +e7(pa) +Bps)) + blps))[s-channe] NLO TI0T W ¢ )+ 50p0) (5] + T s o 905 | Check of Volume of 5 particle phase space
53 | 29 blpa) + bpa)) + bips) + bips) NLO 82| 29— e (ps) + e (p0)) + Z%(— 3 x (vls) + Blpe))) NLO 172 [ (= wlps) + ¥ (pu) + B(ps)) + bips) ) [dec NLO i ) - "¢ 15 l« sive . o 906 | Check of Volume of 6 paticle phase space
51| 2% e (pu) + * (pu)) + blps) + bigw) + lpr) L0 | |G| B e ST ) e v SOl 1178 [ e+ 0] + B+ blpe) -chanoer L |t o o H00) W) 0 08 | Chock of Volue of 8 pxticl phase spice
&) \ b -, y - 177 | i e~ (ps) + Blpa) + Bps)) + bips)) [radin.dk] NLO 312 | (same as process 511 but with radiation in decay 5
% é::rh-lf‘) ﬂ”ﬁ“f;{‘X‘;(“(f}‘ff'i”’g” i El",” o H(r“)u:JJ(rlr‘rif:J;ift);J (ps)) NLO 5L | E(— wlps) +¢*(pa) + Wps)) + = b () +glpr) + () + W (), #lpo)) | NLO 909 | Check of Volume of 4 particle massive phase space
% z"(ajr(l;dj+’;r'(’;:);;+zv:‘,iﬁ'J‘;‘”,(’M’J’“j’I{B w{mj.:i?w <o ISL| W (= ¢ (ps) + (pa)) + E(v(ps) + ¢ (pe) + blpr) NLO 516 | E(= alp) 4 (po) + blps) + = b (o) + € pr) + 5(ps) + W= ). 5pus)) | NLO 910 | Check of Volume of 3 particle (2 massive) phase space
5 = K (ps) 4 (pa —eip, o)) [no gamm N 182 | W (= € (pa) + #(pa) + E(v(ps) + ¢ (po) + blpr))[racLindK] NLO 520 | 20( () + ¢ (pa)) + H65) + Elps) L0 011 | Check of Volume of 5 particle W- (with decay) massive phase space
87| 29— () & *(pu)) + 2% 3 x () + Hpe))Jn0 gamma” NLO bl B B B s B YAl v o 5. 7+ () +95) + (s o g heck of Volume of § paticle W+t (with decay) massive phase space
88 | Z0(= e (ps) + €+ (p0)) + Z%(— bips) + blppe))no gamnm NLO 10| we P: djﬁ;+:wmM,’,ﬂbu;,)i?u{\«n:vph” ) Lo 530 /Pnuu)+rjp,)+1f.p;))+/l#rilp;)Jrrrum)HM_M»JJJrZ(r (o). e*(pua)) - |LO 912 | Check of Volume of 5 particle W+t (no decay) massive phase space
i gxwruu)fhua.))r)l”;:!xtwu»}.)+wu«3j)}) MO 185 | W=(vlp) 4 (po) +1(p2) ’ o 1:1 ’/I“”Il“;:'{l“;ﬂ:lﬁ;;i’/f’t‘l;"yl“‘l;ﬁi 7‘[‘-l;jJi“fzf‘f’l‘l*';-‘[‘-f’mli) Iﬂt: 913 | Check of Vohume of 5 particle W-Ht-+g (in decay) massive phase space
g (= e (ps) + e (pa)) + Z%(— e (ps) + " (po. ) 186 | W (= v(pa) + ¢ (pa)) + Ee” (ps) + #(pe) + blpr) NLO 332 | £(— wlps) +e 7 (pa) + bps) — qlp:) +ilps) + (s € ()€ (o, 4 ok of Vel of € 1a i r WL y assive phase space
9T [ W= o(pa) + e (pa)) + T (— bips) + Kpe)) NLO 187 | W*{— vips) + ¢ (pa)) + He~(ps) + Plp) + bipr) rad-in.dK NLO 533 | £(— glps) + @lpa) + blps)) + K= e (pr) +#(p) +b (pa)) + Z{e ()€ (o)) |LO 14| Check of Vohure of § prticle W-+t+ (in procuetion) massiv phuse gpac
92 | WH(— wips) + e (pa)) + Hi— W* (u(ps) e (p6)) W™ )-#(p))) | NLO
93 | WH— vipy) + e*(p1)) + Hi— Z{e~(ps), e*(pa)) + Z(p~ (pr).pips))) | NLO
94 | WH— v(ps) + e (pa)) + Hl— v(ps) + () NLO
96 H ’c—r’c,-u)+ucp,))+ﬁc— L)E!)-,)#—HM,)) " :I]:u re nCSS -
97 | W= e~ (po) + Bpa)) + H{— W (v(ps) e (5)) W (e (ps).#(p))) | NLO
98 | W{— e (py) + lp1)) + Hi— Z{e~(ps), e*(pa)) + Z{u~ (pr). i (ps))) | NLO
99 | W= e (ps) + #(pa)) + H(= v(ps) +7(ps)) NLO
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Can we improve the PDFs

LHeC — the two options

RR LHeC:
new ring in
with bypasses

around
experiments

LHC tunnel,

LH(

1741

RR= Ring-Ring

SPS

Linac-Ring

CMS

LR

LHC
[ 2065 (27w |

Excellent improvement on s(x)

e-/e+ injector

10 GeV,
10 min. filling*time

PS
1958 (628

LR LHeC:
recirculating
linac with

energy

Additional improvement on g(x)

)

recovery,

~

or straight linac

F. Zimmermann

L. Rinolfi

4* September 2012

POSIPOL 2012 Berlin

100 GeV?
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... |want a second opinion, ...
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1 _
x|s(xz,Q) + 5(x,Q)] dx o 5(x, + s(x, o s(x, + S(x,
Jo = [a(z, Q) + d(z, Q)] dx (z, Q) u(z, Q) + d(z, Q)
NNLO, Q = 100 GeV
[7}] t I 1 L | I T TTTI1
><0.6 Q’= 1;32?°V2NNL0 ATLAS - - NNPDF3.1 -
| B ep ree § § — 1.2H 4.
e | (I NNPDF2.1 NNLO KcTiannLo = 0.62+0.14 = \\<\<\ ;U:Tzom
2 7777 CT10NLO o o
§ = 1A
04 _ KetionnLo = 0.73+0.11 G 22555 N T I I T
- Carl Schmidt October 2015: INT Workshop ‘:f
0.3 ] ‘S 0.9 :
Wi, ... whatever you :
& [H . 0.8
: “—~~ Wan t ' t tO be L NNPDF Collaboration arXiv:1706.00428
T — Lol . | . Ll . L
01 Ot 1074 107 )20"2 107"
0 : ] W
10° 102 10"
HERAFitter, Open Source QCD Fit Project
Eur. Phys. J. C (2015) 75: 304. NuTeV K = O 477‘|—0.063 Z.Phys.C65:189-198,1995
Y —0.053
LIS LA B BN L DL BNLIL L L B
Q° = 1.9 GeV?, x=0.023 ATLAS NOMAD kK = 0.591 + 0.019 axivizosarso
A ABM12 - -
= NNPDF3.0 —=—
o MMHT14 — +0.1240.0540.13 .,
T4 x — ). =20 GeV?
B CMS5 k= 0527515 006—0.10 @
PhysRevD.90.032004
ATLAS-epWZ16 (exp)(model)(param)
exp uncertainty 4+0.01
[l exp+mod+par uncertainty .
e)l(p+moc’+par+tr1y unctlartaintyI | | ATLAS RS — 1.13 :|: 0.05 :|: 0.02
TR T B T - S - —0.06
0 0.2 04 0.6 0.8 1 1.2 14
arXiv:1612.03016 RS Q 2:19 GeVZ at X:0023 EPIC (2107) 77:367
0 (exp)(model)(param)

... yes, details depend on {x,Q%



PDFSense: Visualizing the sensitivity of hadronic experiments to nucleon structure 47

| S¢ | for u(x,u), CT14HERA2NNLO
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See Talk By:
Tim Hobbs (SMU)

A hew measure:

Sensitivity S,

Extend concept
of correlation (C)
to include both
pull and
precision of
experiment.

(Technically, weight by
scaled residual.)

New insights
on
experimental

L Impacts
https://
metapdf.nepforge.org/



Mechanics of nPDFs 48

1) Multiplicative nuclear correction factors (HKN, EPPS, DSSZ)
A t
fzp/ (CI:N7QO) — R’L’(xNaQO)A) fzfree pre On(xNaQO)

1.5
Yat+

... for example
10 |

— a; + b;x + iz + dix® |F ol
Ri(w, Qo A) =1+ (1= 4 )" | &

0.2

2) Generalized A-parameterization (nCTEQ)

A
' @n o) = filwn, Aspo) D

frxa(1 = gy Yo

Ck ~ Cro+ Cp1 (1 — A72)

Proton / \ Nuclear °

use proton as a Boundary Condition




p P > W/Z:

Impact of {s,c,b} PDF

49

C M S eocoe 2 flavours AAAA D flavours

500 T 1 1 1 1 I
Bl nCTEQ15 EEE CT10-+EPS —4+—  data
CTEQ6. 1+ EPS CT10
W+
W/Z Benchmark )
asol  Measurement L2 h I
1 b
F— +
. ’ F
\ e .
= Qe© .
,_2 0& ‘ ry ,I
E 400} 9'0\ . .
+ \(‘\Q .
S
T G
S ¥
T R, 5 flavor
~ 350} ’ ’ R ]
Py o VS L
s s 0 ® 0 well defined
b ¥ F ' r
‘ « .7 .7 nuclear
oo o2 7 correction
r s 7
k. . 2 flavor
300} ' o
o W-
250 : - - : : : : -
220 240 260 280 300 320 340 360 380

o(pPb—-W =~ — £~ D) [nb]

A. Kusina, et al., Eur.Phys.J. C77 (2017) no.7, 488

400

Entangled:
* Nuc
Corrections
* Base PDF
* PDF Flavors

This is an area
where LHeC is
particularly
suited to help



Nuclear PDFs: Complementary efforts in general agreement

50

0.8rvrw

nCTEQ15 | °7
EPS09 0.6
DSSZ 0.5

HKNO7 0.4

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

Nuclear PDFs are more complex g
more DOF than Proton case

more “issues’ to consider

more work to do ...

Q = 10GeV
1.5+ CTl4nlo - — nCTEQI5 Ph
§E i
<o
G
o gnl Nuclear vs Proton
Uncertainties

103 -
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Nuclear PDFs: DIS, DY, = Prod, e Di-Jet 52

Periodic Table of the Elements

4 5 6 7 12
IVB VB ViB VIIB 1B Phosphorus
48 58 68 78 28 o 30
22 23 24 25 30 33 34
il Ml Gl _Ma Zn As Se
Titanium Vanadium Chromium Manganese Zinc Arsenic Salenium
4788 5054 519656 54538 5539 74327 78572
40 41 42 43 48 B 52
Zr Nb Mo Tc Cd Sb Te
Zirconiym Niobium Molybdenum  Technetium Ruthenium Rhodium Palladium Cadmium Antimony Tellurdum
51224 92.506 9555 98.507 10007 102906 06.42 11241 121760 176
55 56 57-71 72 73 75 76 77 78 80 83 84
Ba Hf Ta Re Os Ir Pt Hg Bl B Po
Barium Hafnium Tantatum Tungsten Rhenium Osmium Iridium Platinum Mercury Thaliium " Bismuth, Polonium
1ran 178.49 180.948 18385 186207 19023 1R 19508 96.9 20059 208383 G- o980 oa9e2)
87 88 89-103 104 105 . 107 108 109 110 112 113 + 115 116
Ra RfE Db Sg Bh Hs Mt Ds Rg Cn Uut F Uup Lv
Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnarium Darmstadtium  Roentgenium Copernicium ‘Unlintrium m | _' e Ty I.Im&n
236025 %11 %3 1%6] [254] [269] [2E8] 12691 1273 277 unknown 289 ke 198
0.9 : : 2
— =D
0.8}
i Q = 10GeV
0.7k . A=27 . 1.5+ CT14 nlo — — nCTEQ15 Pb
A=40 2:
0.6 A=56 =
o A=84 «-E
« A=1194] 3
"?5: 0.5 A=131 %
v A=197
q;;' 0.4 A=207 | G
Y
= 0.5 Nuclear vs Proton
0.3} - -
Uncertainties
0.2
- x
01 All nuclear A 107 1

ool values

10

N . EIC can expand our knowledge of
= the nuclear A dimension



Could p Pb > W/Z Help??? >

no Nuc Corr ——

100} I
do(p Pb— WT) =" W - | |
+ 8ol ’f{r—| ] | f i
dy =i L |
~— 60 |
£ % w/ Nuc Corr
4 N 1 s s e S e e A s +T 0F = Iargerx
. A Al I = ATLAS pPb v5 =5.02 TeV
3 hi Yoo LHCb 9 ALICEH = 20| ATLAS TR i Dake ]
. small x 11~ | CT10 smaller x
L T 9 -2 | 0 1 2 '
‘\ 1.4 . . :
1 % ‘ - 1:2
% g2 1.0 % ';}_,_*_A—f—l%ii
ok ‘ | 0.8l I/ |
5 ®. 0.8 = =, ) 1 2
% Y+
-1k _
p Pb | a.%
2 Kinematics hix ‘g "
sl smally = 1 lead kinematics
o we A Z ﬁ
L vav o g4 il
0 A% larger x smaller x
=5 [ T [ TTTIT [l [ I
10 107 102 10" 10°
L9
“OK” too much
nuclear suppression
Vector boson production in pPb & PbPb correction
A. Kusina, F. Lyonnet, D. B. Clark, E. Godat, T. Jezo, minimal data

K. Kovarik, F. I. Olness, I. Schienbein, J. Y. Yu, i .
Eur.Phys.J. C77 (2017) no.7, 488 previous constraints
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