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Introduction

@ We propose a new experimental method to probe the photon
parton distribution function inside the proton (photon PDF)
at LHC energies

@ The method is based on the measurement of dilepton

production from the vp — £"¢ + X reaction in
proton—lead collisions

@ These experimental conditions guarantee clean environment ,
both in terms of reconstruction of the final state and in terms
of possible background

o We firstly calculate the cross sections for this process with
collinear photon PDFs , where we identify optimal choice of
the scale, in analogy to deep inelastic scattering kinematics

@ We then perform calculations including the
transverse-momentum dependence of the probed photon

@ Finally we estimate rates of the process for the existing LHC
data samples
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Introduction

@ Precise calculations of various electroweak reactions in
pp collisions at the LHC need to account for, on top of the
higher-order corrections, the effects of photon-induced
processes.

our contributions (M.t, A. Szczurek, W. Schafer)

@ production of lepton pairs

e M. Luszczak, W. Schafer and A. Szczurek,
Phys.Rev. D93 (2016) 074018

@ pairs of electroweak bosons

o M. Luszczak, A. Szczurek and Ch. Royon,
JHEP 1502 (2015) 098

o M. Luszczak, W. Schafer and A. Szczurek,
JHEP 1805 (2018) 064

o L. Forthomme, M. Luszczak, W. Schafer and A.
Szczurek, Phys.Lett. B789 (2019) 300-307
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Introduction

(a) (b) (c)

Schematic graphs for deep inelastic scattering

o (a) rp =t + X
@ photon-induced dilepton prodcution, yp — 74~ + X,
in p+ Pb collisions

o (b) t-channel lepton exchange
o (c) u-channel lepton exchange
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Formalism

o elastic photons from the |proton

2

Qlem [( X)2 4mgGE(Q2) + Q2G,%4(Q2) x2

N 2y _ X" ~2 (42
/el(X,Q )_ 4m,27+ Q2 + 4 GM(Q )}

™

@ elastic photon flux for the [nucleus (yflb)

4mzGE(Q@) + @Gy (Q%)

— Z%F,(Q7)

4m? + Q?
F2.(@?) - formfactor parameterization from the STARlight MC
generator
Fem(Qz) = 3 [sin(QRA) — QR4 cos(QRA)} ot
(QRa)3 14+ a2Q2”

where R4 = 1.1AY3 fm, 2= 0.7 fm and Q@ = vV Q2.
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Formalism

e photon parton distribution 77 (x, 1) obeys the DGLAP
equation:

dﬁ/ﬁnel(x* /1’2) Oem ! dy X 5 X -
d IOg /L2 27 /x y [; veq(Y)Q(y 1 )+ ’YF'V(y)Pymel(y 2 )_

where | g(x, u?) | is the quark PDF, is the quark charge,

is the g — -~y splitting function, and corresponds to

the virtual self-energy correction to the photon propagator

p+Pb — Pb+/T¢~ + X production cross section

o =52 /dxdePb[<7§/(Xp) + 98 (%, 17)) 75b(be)Uw7—>ﬁ+ﬁ*(XanPb)}
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QED parton distributions

o MRST-QED parton distributions

@ QED-corrected evolution equations for the parton distributions of the

proton
aqi(X,}lz) dy >
9ai(x,p”)  _ ¥ES o
3 log 2 27r . { aa q(y/ /%) + Pag(y) }
dy 2 2 X 2
* o x {qu & q’(y’ ") + Pary(¥) ei’Y(;,u )}
1o} dy
DiogiE = 2 )y (P D) Pa) (0}
(xk?) dy ‘.
DogiE 2W/X {Prat) 326 i)+ Pr) 250}

o NNPDF2.3 parton distributions

o fit to deep-inelastic scattering (DIS) and Drell-Yan data

o LUXqgedl17 parton distributions

@ integral over proton structure functions Fa(x, Q2) and Fp(x, Q?)
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Formalism

e unintegrated inelastic photon flux +2 (x, §7):

11 .
P = _ 2 rin = 2
ryine/(X7 qT) — a2 dMXffy*%p()Q aT, MX)
X ﬂ-qT Mt2hr
> s
in = Qem qaT 2 FZ(XBj7 Q )
~* X, = —(1—=—x)(=
Y <~P( qT) T {( )(q?,-+x(/\/l)2(fm§)+x2m§) Q2+M)2(7m,2)
I x? ar 2xp;F1(xgj, Q?) }
4xq; G7 +x(My — m2) + x2m Q2 + My — m}

e virtuality Q? of the photon depends on the photon transverse
momentum (g2) and the proton remnant mass (Mx):

e + x(Mg — mg) + x°m?

2 P
? 1 x)
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Formalism

o the prOtOﬂ structure fUnCtionS require the argument
QZ
XBj = Q2+M)2(—m,2,

e in practise use the pair Fo(xp;, Q%), Fr(xpj, Q)

4x2.m?
FL(xBj, @) = (1 + ]32 P)Fz(XBj, Q%) — 2xgjF1(xBj, Q%)

@ F; - the longitudinal structure function of the proton

p+Pb — Pb + T/~ + X production cross section

o= 52/dxdePdeIT[(Vg,(vaﬁr) + 8 (%0, GT))

’Yflb(XPb)o-’y*'y—)K"'E— (Xpa XPb, Cﬁ')}
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Results with collinear photon-PDFs

Integrated fiducial cross sections for p +Pb — Pb + /t/~ + X
production at \/syy = 8.16 TeV for different collinear photon PDF

sets.
Contribution pgT >4 GeV pFT >4 GeV, |nf| < 2.4,
mg+p— > 10 GeV

Ve 44.9 b 17.5 nb
el + "me_l [CT14qged inc] 98 + 4 (PDF) nb 40+ 2 (PDF) nb
B+ 7P [LUXqged17] 105.8 £0.2 (PDF) nb| 44.14+ 0.1 (PDF) nb
+H ++F  INNPDF3.11uxQED](115.6 + 0.6 (PDF) ub| 45.94 0.3 (PDF) nb
A +4P  [HKR16qed] 121.6 nb 49.4 nb
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Results using kr-factorization approach

Integrated fiducial cross sections for inelastic

p+Pb — Pb+ {74~ + X production at /syy = 8.16 TeV for
different proton structure functions.

Contribution P >4 GeV|ph > 4 GéV, || < 2.4, mysp- > 10 GeV
1.5 47.9 nb 18.3 nb

AP 1 [LUX-like Fy] 43.6 nb 174 nb

AP 1 [LUX-like Fy + Fr]| 42.6 nb 17.1 nb
AP 1 [ALLMOT Fs) 41.7 ub 16.4 nb

A 4 [SU Fy 41.7 ub 16.7 nb

Ao [SY Fy 40.4 nb 16.0 nb
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Results with collinear photon-PDFs
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Results with collinear photon-PDFs
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Results using kr-factorization approach
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Results using kr-factorization approach
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Results

pPb — P XPb, ys,, =8.16 TeV pPb - P XPb, ys,, =8.16 TeV
NN NN
% 8% LUXged17 P, () >4 Gev E 10 %88 LUXqed17
(U] HEE LUX-like 2.4<n@d) <24 > [ EEE LUX-like
35 1= M('yr) > 10 GeV e} b
s 5 8
s E = F
2 F 6
A !
107 aF
E r p.(2) > 4 GeV
L 2 24<n@)<24
[ [ M() > 10 GeV
L o
10—2 Il Il Il Il Il Il Il Il Il L Il Il Il Il Il Il L Il Il
10 15 20 25 30 35 40 45 50 55 60 -2 -15-1-05 0 05 1 15 2
M(uy) [GeV] Y(Hw)
pPb - p'w XPb, ys,, =8.16 TeV pPb - p'w X Pb, ys,, =8.16 TeV
NN NN
% 8 LUXqed17 p,(1t) > 4 GeV E OE B8 LUXqed17
U] EEEE LUX-like 24<nW) <24 = TF EE Luxdike
5 M) > 10 GeV k] E
= 5 6
%b— E 5 ;
gl E
8§ 107 4
r 3E )
102 E p.(1) > 4 GeV
E 2F 24<n@)<24
£ lé M(uw) > 10 GeV
3L £
10 EL Il Il Il Il Il Il Il Il O: Il Il Il Il Il Il Il Il Il
5 10 15 20 25 30 35 40 45 -2 -15-1-050 05 1 15 2
P, (1) [GeV] na

Marta tuszczak




o We calculate expected number of events for realistic
assumption on total integrated luminosity. Based on the
previous p + Pb runs at the LHC, we assume

[ Ldt =200 nb™L.

We also assume possible experimental efficiencies, mainly due
to trigger and reconstruction of leptons, which we embed in a
single correction factor C = 0.7.

The data should be therefore sensitive to discriminate between
the predictions based on collinear and kr-factorization
approaches, using existing datasets collected by ATLAS and

CMS.
Contribution Expected events (C' = 1)|Expected events (C' = 0.7)
75] 3600 2500
AP [LUXqed17 collinear] 5600 3900
AP [LUX-like Fy + Fp] 3400 2400
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Conclusions

@ We propose a method that would allow to test and constrain
the photon parton distribution at LHC energies.

@ This method is based on the measurement of the cross-section
for the reaction p +Pb — Pb + T/~ + X, where the
expected background is small comparing to the analogous
process in pp collisions

@ Results are shown for different choices of collinear photon
PDFs, and a comparison is made with unintegrated photon
distributions that include non-zero photon transverse
momentum.

@ Due to the smearing of dilepton transverse momentum
introduced by the kr-factorization approach, these two
approaches lead to the cross sections that differ by about 30%.

@ Using simple (realistic) experimental requirements on lepton
kinematics, it is shown that one can expect O(3000) inelastic
events with the existing datasets recorded by ATLAS/CMS at
V/Snun = 8.16 TeV for each lepton flavour.
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