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Impact studies of the gluon PDF using exclusive J/{ photoproduction data in xFitter
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Exclusive quarkonium production

Exclusive quarkonium. production at colliders:

Tagged e -> Leverarm €
in the virtuality Q2 at UPCs at the LHC -> flux of

moderate-to-low(ish) —— J/¢ on-shell Q2 ~ 0 photons
X reach on target ) ) and low-x reach on target

photo- (Q2<1GeV2) and
. , , hotoproduction
.e.lemmnmd.u.cn.on(Qz>.lG.¢V.?) < L % f" S .




Exclusive quarkonium production

Exclusive quarkonium. production at colliders:

Tagged e -> Leverarm €

in the virtuality Q2 at
moderate-to-low(ish)
X reach on target

UPCs at the LHC -> flux of

on-shell Q2 ~ 0 photons
and low-x reach on target

photo- (Q2<1GeV?2) and

electroproduction (Q2 >.m.¢y.?) phatoproduction




Exclusive quarkonium production

Exclusive quarkonium production at colliders:

EIC (ep/eA) & HERA

Tagged e -> Leverarm €

in the virtuality Q2 at .
moderate-to-low(ish) Ci J/Y

X reach on target )
photo- (Q2<1GeV?2) and
g.legtmnmd.u.cti.qn(Qz>.lG.aV.?) z z’
p —_—{ p/

Q: Can we use the exclusive J/psi photoproduction data from LHC in such collision systems to
constrain the low x and low scale gluon PDF?

UPCs at the LHC -> flux of

on-shell Q2 ~ 0 photons
and low-x reach on target

photoproduction




eA vs. hadron-hadron

Bjorken-x
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Probe of nucleon gluon PDF

Probe of nucleon gluon PDF

J/IVar3 .3 p = - 2
do Fee™ M7/, [ ay(Q%) ~ Q°

—(~* J = 3 2 14
at 1P JIvp) =0 48tor Q* Rorg(z, &) M

/¥

-

Sensitive to GPD not PDF! but can relate PDF & GPD at low x reliably via the so-called
Shuvaev transform CAF, Jones, Martin, Ryskin, Teubner 1908.08398 & 2006.13857

(1) (2)

UPC -> large W photoproduction -> constraints on gluon PDF

-For pp, have more lumi. but more pileup than pPb « In pPb, survival factor close to unity and there is less modelling

-For pp, have W+/W- ambiguity, very dependence in (1) as compared to pp

much less so for pPb « There will be data from EIC in eA where such modelling does not play a

-For pp, more model dependence in survival role but then the energy range is limited.

factor/photon flux combination e In pp/pPb at the LHC we can access larger W, in pPb we can push the
precision of (2), i.e. that of low x and low scale exclusive quarkonium data
as constraints on the gluon PDF

-For pp, more contamination from Odderon-
pomeron due to relatively smaller impact
parameter




Probe of nucleon gluon PDF

Probe of nucleon gluon PDF

. /w 3 3 — — - 2
do Lee " M/ ym [a(Q%) ~ Q’
* J — S_ 2 1 :
- (v'P = J/Yp) » B oL Ryzg(z, Q")

Framework: NLO collinear factorisation (CF) with Shuvaev
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Probe of nucleon gluon PDF

Probe of nucleon gluon PDF

J/Y y 13 3 r - 2
do Lee " M/ ym [a(Q%) - Q’
*n — J — ‘** R - 14
dt (7 p /wp) 0 48aem Q4 gmg(x, Q ) Mg/w

Framework: NLO collinear factorisation (CF) with Shuvaev + scale-fixing + Q0 subtr. 1908.08398 & 2006.13857
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ratio do(y p — JAp p)/dtly_;min [ND GeV ] to cen.
o

Probe of nucleon gluon PDF

do
dt

Probe of nucleon gluon PDF

—@'p—= J/p)| = =

J .
rel wl\/fg/w”3 o (Q?)

t=0 48atem !

1

Q2

M3,

Framework: NLO collinear factorisation (CF) with High-energy factorisation + GPD evolution
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See CAF, Lansberg, Nabeebaccus, Nefedov, Sznajder, Wagner, to appear
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Probe of nucleon gluon PDF

Probe of nucleon gluon PDF

do, ,
5(7 p — J/¢p)

t=0

Framework: NLO collinear factorisation (CF) with Shuvaev. + scale-fixing + Q0 subtr. 1908.08398 & 2006.13857

FgéwMj‘/ww?’

48

xg(x, ¥ = 1.55 GeV)

CT1I8ANLO =2
MSHT20 NLO —=
NNPDF3.1 NLO ==

<

pp@LHCb excl. J/psi UPCs currently

probes down to x~3x1070

...unconstrained domain in PDF fits!

14

CAF, Martin,

22
oL R,zg(z, Q%) 14 & )

M3,

Power fit -

MMHT 14 NLO
NNPDFIONLO
Fit 1o exclusive W data €530

Standalone fits + reweighting studies using pp
data, but not yet considered in a larger fitting

framework




XFitter implementation

Public PDF fitting tool to perform a variety of tasks:
ag extraction, PDF reweightings, fits...

o
y » QCDNUM/APFEL for QCD evolution
X / 6/ « MINUIT/CERES for minimisation in various mutually consistent approaches

 Interfaces to independent codes
« various output formats (e.g. LHAPDF®,..)

« Default config. based on set-up of HERAPDF2.0
1410.4412

Incorporate new 'JPSI' reaction via xFitter's ReactionTheory class

...to perform various PDF profiling and fitting studies using the exclusive J/psi production data



(i) PDF profiling:

NNPDF30 nlo as 0118
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Nier 0.0
i "
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(11) Fitting: approach 1: gluon pseudodata

- Generate effective gluon PDF pseudodata from experimental data:

o (data);
geff(xia,u'opt) = gﬁt(xiaﬂ'opt) L;_i_(ﬁt)z

/ 504. (data)z

taken from 2006.13857 8g..(z;) = : gert () > (data),
== )

10



(1) Fitting: approach 1: gluon pseudodata: Results

Default xFitter set up supplemented with generated effective gluon PDF data

s o o (data);
;.: 6: ,%33 2.4 GeV N geff(zia ,u'opt) =  Jft (zia P’opt) ﬁ
X ~ s DIS+effective gluon points | (\6 SI U+( t)z
’ \ /
it N ) (e = B 1 04 (data)z
A taken from 2006.13857 ) T:) = — T, |
e Ger (%) 2 G (i) o, (data);
Dataset x2. /d.o.f (DIS) x2. /d.o.f (DIS+eff. gluon pts.)
R HERA1+2 NCep 820 80,73 79/73
i ... B0 XN DiSseffective gluon points HERA1+2 NCep 460 220/207 220/207
d HERA1+2 CCep 43/39 44/39
HERA1+2 NCem 221/159 220/159
HERA1+2 CCem 54/42 56,42
HERA1+2 NCep 575 203 /257 207 /257
HERA1+2 NCep 920 465 /391 470/391
LHC excl. J/4 pp 7 TeV N/A 8.95/10
: LHC excl. J/v pp 13 TeV N/A 3.51/10
OF o SN LHC excl. T pp 7,8 TeV N/A 3.23/3
T 1 1 1 Total x2,. /d.o.f 1412/1154 ~ 1.22 1444/1177 ~ 1.23

11



(11) Fitting: approach 2: cross section

Integration of theoretical framework into xFitter to perform fits using
cross section and JPSI datasets from HERA and LHC

Can reduce computationally intensive Shuvaev transform routine to

simpler 1D numerical integration at the the point x=Xxi: . . L .
P J P For given input gluon distribution, this gives the result of the
full Shuvaev transform at the point x=xi

4z [ 1/2 12, [ % —
Hy(z/2,2/2) = — [ dyy"(1—y) 7 g .
z/4 Y For (x-xi)>0.1(x+xi), this is already a 10% deviation from

the full result

Example: further assuming pure-power behaviour of gluon PDF gives famous Rg formula commonly used R, ~ 223“’;3 Fé’&ﬂ“ 51)2)
™ g T

Computing this on the fly a more tractable exercise than Full Transform:

/_11 da’ _%Im /01 y(s)\/ldi y(s)x’] d(i' (q|(;',|)> 7
/

Hq(z, )
o6 — [ :ixm /01 ds(z + £(1 — 23))] dc; (g(az’)) |

y(s)v/1—y(s)a’ ta
4s(1 — s)

y(s) = -
In progress... z +&(1 - 2s)
[ Shuvaev et.al 1999 ]

—1
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Exclusive quarkonium photoproduction from LHC

Integration of NLO framework into xFitter to analyse exclusive heavy vector-meson data constraints in a global
analysis for the first time

Proof of concept with first numerical insights

Exclusive quarkonium production studies
in global analyses

Propagate what we learn from pp / pPb data on free gluon PDF to PbPb on nuclear gluon PDF

All such data will increase our understanding of the underlying theoretical mechanisms at play in these interactions and,
importantly, lead to an improved understanding of the behaviour of the gluon distribution at small x.

13



Exclusive quarkonium photoproduction from LHC

Integration of NLO framework into xFitter to analyse exclusive heavy vector-meson data constraints in a global
analysis for the first time

Proof of concept with first numerical insights

Exclusive quarkonium production studies Th
ank you!
in global analyses y

Propagate what we learn from pp / pPb data on free gluon PDF to PbPb on nuclear gluon PDF

All such data will increase our understanding of the underlying theoretical mechanisms at play in these interactions and,
importantly, lead to an improved understanding of the behaviour of the gluon distribution at small x.

13



(1) Fitting: approach 2: cross section

Integration of theoretical framework into xFitter to perform fits using
cross section and JPSI datasets from HERA and LHC

Profiling: precomputed GPD grids for each LHAPDF member set

Fitting:
g Generate JPSI theory prediction using an input GPD grid

G(0) constructed from a given LHAPDF member set s(0)
After each fit iteration i,

\

2. which is interfaced to an independent GPD routine to produce a

corresponding updated GPD grid al,
¥

3. which can be used for the JPSI theory prediction in iteration i+1

v
v

5. repeat steps 1)-4) until convergence of fit
—  feasible?

4. perform iteration i+1



(11) Fitting: approach 2: cross section

Profiling: precomputed GPD grids for each LHAPDF member set

Fitting:
J Generate JPSI theory prediction using an input GPD grid

(;(0) constructed from a given LHAPDF member set 5(0)
After each fit iteration 1,

* adaptation of xFitter code

needed...doable
2. which is interfaced to an independent GPD routine to produce a

corresponding updated GPD grid G time costly, could optimise
* > required GPD grid output,
granularity of LHAPDF x-grid...

3. which can be used for the JPSI theory prediction in iteration i+1

Vo e i
)

5. repeat steps 1)-4) until convergence of fit
—-Observation: amplitude highly peaked at x~xi => 2D ->1D numerical integration

4. perform iteration i+1



(1) Fitting: approach 2: cross section: 2D->1D simplification

Can reduce computationally intensive Shuvaev transform routine to

simpler 1D numerical integration at the the point x=Xxi:
For given input gluon distribution, this gives the result of the

A 1 . full Shuvaev transform at the point x=xi
Hy(z/2,2/2) = —/ dyy'/*(1 —y)'%g (@> —

T Jz/4 : N e .
For (x-xi)>0.1(x+Xxi), this is already a 10% deviation from
the full result
Example: further assuming pure-power behaviour of gluon PDF gives famous Rg formula commonly used B~ 22293 (X, + 5/2)
g

Toym (g +4)

Computing this on the fly a more tractable exercise than
Full Transform:

/_11 da’ _%Im /01 y(s)\/ldi y(s)x’] d(i' (q|(37x'/|)> 7
/

,Hq(xaﬁ)
bol2. tas@@+e(i—2s)] d [g(a)
Ho(z,§) dx _;Im/o ] o ( v >,

y(s)v/1—y(s)a’

4s(1 — s)
In progress... y(s) = 3 +£(1—2s)

—1

[ Shuvaev et.al 1999 ]



Interplay of quark and gluons at NLO

After Qo subtraction:

0.5

o

Im A/ W? [GeV 2

©
o

-1 | | | | | | | | |

200 400 600 800 1000 1200 1400 1600 1800 2000
wiGev] CAE Jones, Martin, Ryskin, Teubner, 1908.08398

Quark contribution separated from hard scattering by at least one step of DGLAP evolution
and is therefore removed after imposition of Qg subtraction (as reflected in the numerics)

> Gluon driven like at LO




Constraints from inclusive D meson production data

2 2
|dea: Construct ratios of N - G7o(X TeV) / a ‘féx TZV)
dyrefd(pT )j

X = 4 Dd(nD).
observables in y and p¢ bins to dy,”d(pr);

2 2
combat various uncertainties RY . = a 01()13 'I;’V) / d Ulgx TSV)
/% dyPd(pR); [ dyPd®?);

—  find decreasing gluon at the lowest x they may probe
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Sensitivity to the MSbar gluon PDF

Subtraction does not affect IR or UV divergence renormalisation procedures

+  Soft singularity at =0 is removed after subtracting off the LO part of the

NLO coefficient function before integral over loop momentum from 0 to
QO is performed

2 pl Q3 2rmA
AlmMe = % /€ dw(Fq(fv,&,mc)—Fq(—w,f,mc))( (M2 + M) ””%dzz)

0 §2

(subtraction fundamentally ubiquitous but numerically relevant for low scale
processes only™)

>x<see 1912.09304 for procedure applied to inclusive DIS and Drell-Yan production



Sensitivity to the MSbar gluon PDF

s Q% q 27ng 2
AImM? = = | dz (F,(z,&,m) — Fo(—z,&,m,)) (M?+ M) P dl
0

oooooooooooooooooo

(subtraction fundamentally ubiquitous but numerically relevant for low scale
processes only)

hf_) -

/\/n\;){ g
7\ W= a\:

|
1

it o § oLl
|

~
_>

ISLJL,Q_/
Ty
l

p1 1p

=
-

NLO diagrams for quark and gluon channel considered. Contain both LO and
NLO contributions. Subtract off LO contribution (part given by LO

over | is performed, cancelling soft singularity di*2/I*2.



Treatment of double logarithmic contribution

|deology: Use scale shifting to find
13 optimal scale that removes the largest
" contribution from the NLO
223 Hf correction *
< F(pr) ) F(py)

At fact. scale. [/ 7 , quark contribution is part of NLO hard matrix element

At fact. scale 1/ F, absorbed quark contribution into LO result

DGLAP evolution:

4
A9 (uf) = (C(O) -~ 1n (/—f> C® ® V) R F(ur)

2T i,




Treatment of double logarithmic contribution

A
@
D -
@ — =
! & | ) 5 The red gluon
X0 cannot be resummed
.“ — _— _— _ pr in this scale shifting
AT approach and so will
1 uy. always be treated as
& [ 3 .
Fy ~ ‘ part of the higher
® .
000G order correction

* But kt fact. framework treats only a subset of NLO corrections, those belonging to equivalence class of gluon-ladder diagrams



Other results in UPC: Photon flux in Upsilon photoprod. in pp

CAF, Jones, Martin, Ryskin, Teubner, 2110.15575

, =A\h jones, IMlartin, Ryskin, leubnet .
107 | H1 2000 6p —o— | -DGLAP evolve gluon PDF obtained from fit
- CMS 2018 (502 TeV) pPo (W) to J/psi data to scale of Upsilon
LHCb 2015 (7,8 Tevs) p-p (W,) +—+—i . .
” photoproduction and use as input to make
E103 { cross-section prediction (blue band)
2
-
t 1.20
Q
> 10° 1.15
o}
< . 1.10
EIC Measurements ratio of
1 LHCb Measurements photon o
10" | >
- | l | | | I ﬂuxes e
102 103 0.95
W [GeV] -
20 100 150 200 250 300
For )/psi rapidity at border of LHCb acceptance (y \sim 4.3675) and sqrts = 7 TeV, find k



