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Theory elasticpp (g ) pp X

Chen et al., Phys.Rev. D7 (1973) 3485-3502.
Budnev et al., Nucl.Phys. B63 (1973) 519-541.

The cross section for this process is calculated:

(1) Using the number of equivalent photons (EPA)
by integration over the whole virtuality range:

o dQ? dx 2 in z?
2 2 Q2,0 = 2 GeV?
min — ' 1— maxr ¢

Integrand contains the proton EM form factors
(calculations originally done by Chen, Terazawa, et al.
forg g mtm process)

(2) EW g g X cross section. Note: letting Uz, running
wrt some scale (mass of the system???) is wrong.
Here the photon virtualities are verys ma | | &

MC generators: HERWIG++, LPAIR, STARLIGHT, FPMC, e
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Theory elasticpp (g ) pp X
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g- IPinteractionsin pp

ALHChmeasurement9 EOf dza A S Wk - | V' R colligiand

Vd

I i ReV{Updated (J.Phys. Giucl Part. Phys. 41 (2018%5002)

A930 pblof datg 2.0<'.<4.5 >p
J/) [pb ] 1(2S) [pb | y

Gongalves and Machado |29 275
JMRT [5] 282 8.3 3/
Motyka and Watt [2] 334 ¥
Schafer and Szczurek [30] 317

| Starlight [31] 292 6.1 | 129
SUPERCHIC [19] 317 7.0 3 p

I LHCDb measured value 291 +7+19 65+£094+04 I

A STARLIGHicludesabsorbtivecorrectiontreatment 6 NJ £-0.97indhis p
Invariantmassrangeg
Ar(y) =0.85- 0.1|y|/3 assumedn the analysis

A Someapproximationsdonein STARLIGHInableto useit for higher
InvariantmassegS. R. Klein andNystrand Phys Rev Lett. 92,142003.)

ANoO protonmagneticform-factorincluded
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Protonfinite sizeeffects

AMany of the MQ@eneratorsfHERWIG++, LPAIR, FPMQ)ddy ) pp X
do notincludethe requiremensthat the:

AProtonsshouldremain intact :E T
(strong absorptiorcorrection) g 001 is=7Tev 7
APhotonshaveto be emitted coherentlyfrom the % .- ]
proton (finite transversesizeof the proton) § ! o 0cey .
AFormalism(quite standard in Heollisiong: ~** 1
MD and LaurenSchoeffel Phys Lett. B (201404, I 1
doi:10.1016/j.physletb.2014.12.019 N 1

- Spectrum of thehotonsfrom the \\ —_ |
proton canbe written in the impact TR

parameterspace(via Fourietransform):

XEM GE(QZ) 4m? + leu,g 1 QQ 2
n(hw) = ﬂ_zw /ko_kJQ‘(QQ (1 — .'B) 47;;2 T QQP + ETQEI_L?) Jl(bkj_)
p

virtuality of the photon Q* = —k* = k7 + f—j

energy fraction of the proton carried by the photon z = 2w/\/s
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Protonfinite sizeeffects

ANo overlap->photon spectra no longefactorize
dw, dw
op+p—p+p+X) = [ [ £ fle)rxorwn) 222

W W
Fe ) = [ [ 0l n o) Prnmina (s = B

AThepp (non-inelastiq interactionprobability can be obtained frorthe
pp elastic scattering amplitud®xb)
(L Frankfurt, C. E. Hyde, K tnkmanandC Welss
Phys Rev D75 (2007 054009) i
-> with BDLP, ..o = |1 ¢ €xp(-b%2B)[2 .-

ael(s) IT(s,b)|?, 0.6]-
Trot(S) = d’b x { 2Rel'(s,b), 0.4i - ety
G'inel(*'?'} [1 - |1 - ]_"(‘:- b)lz] i (B =19.7 Gev?)
A : . 0'2} ----- B =21 GeV? B
A Areductionof the exclusive i |
crosssectionis expected VoS TS e s s s
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Protonfinite sizeeffects

AUsingthis formalism a protonsurvivalfactor (or absorbtive
correction canbe introduced

SQ . fb1>r'p fbg)-rp n(gl? wl)n(g% MQ)Pnon—z'nei(‘gl - ng)dggldzgg

7 -fb1>0 fb2>(} ﬂ-(ghwl)ﬂ-(ggng)dggldzgg

AThegeneraldependencas
wrt X, , of collidingphotons

SRSREREISISEREK
RS IIIIIIE LK

A Canbe convolutedwith MC
events(reweighting
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Protonfinite sizeeffects

AStrongdependenceon photon-photon invariantmass

ASmalldependenceon
rapidity of the system
(for smallerinv. masse$

0.9; é

T — I

07 ............ =

o6 T el .

os-- Tl =

04E pp @ Vs = 13 TeV Bt

0.3; — W,, =30 GeV é
c ---- W,, =75 GeV ]

0.2 ~wmee W, = 150 GeV =

0.1; ---- W,, = 300 GeV —f

R N 75
ly,|

i 12 T T T T T T | T T T T T T T T T

. 1 - - ]
04r — s =13 TeV e -
i ---- (s =8TeV T
0.2~  ——--V{s=7Tev .
O_ | | | | | | | | | | | | | | | | | | | ]

0 200 400 600 800 1000
W,, [GeV]

l
7 TeV CMS g g >*> analyses region

16 December 2014

M. Dyndal

Photon-photon interactions in pp collisions at the LHC



Interpretationof CMS data

ARecentphoton-inducedreactionsmeasurementdan pp collisionsat CMS:

A1) Exclusiveg g mnproduction in p collisions atk & 7 TeV,
JHER 201 (2012pP52. -> 2010data,40 pb'; pp- pp mm crosssection

A2) Search for exclusive or seraxclusive photon pair production and
observation of exclusive and serakclusive electron paiproduction;
JHEP 1211 (201080.

A3) Study of exclusivg groduction of W(+)W{) _ s sf=reuczsme’
at K & 7 TeVand constraints on anomalous § o A — i
guartic gaugecouplings T 6o I
JHEP 1307 (2013).6 L%J 5_ — 17> WW (SM) E

A2011 datap flbl; Bestlimits on anomalous i3 ]
couplingQGChre obtained z:

ABenchmarlusingg g mnevents £ |

% :: 100 150 200 ~ 250 300

£, [GeV]
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Interpretation ofCMXdata

AExclusivag g mmproductionin pp collisions atk & TeV T
AKinematiaegion:M_, > 11.5GeVpT > 4GeVand |' < 2.1

A Loglikelinoodfit on exclusive
andsemtexclusiveyields(LPAIR)
to getthe exclusivecrosssection

A Crosssectlon

IIIIIII|IIII|IIII|IIII|IIII|IIII|III—
~ CMS,\s =7 TeV, L = 40 pb™]

an
o

* data
[ Signal yy—p*u i
[ Single dissociative yy—u !J. ]
Il Double dissociative yy—u y.

Bl DY Zfy—p*y

@y ppmmr 3-386 0.58 Etat.)
50.16 6yst) 5 0.14(lumi.) pb

A Data-theory (LPAIRgignalratio:
0.8350.15

Events/0.15 GeV
i
=

A Our predictionsfor proton N,
survivalfactor: 0 05 1 15 2 2.5( 3)[%3\*’]
| =0.84M,, > 11.5GeV |y, I< 2.1) PriH
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Interpretation of CMS data

A Study of exclusive groduction of W(+)W-) at K & TeVand
constraints on anomalousjuartic gaugecouplings

Ag g mnas a benchmark fagxclusivityselectionvalidation
AKinematiaegion: M, >40GeVpT >20GeVand |' [|< 2.4

A Observation Expectedexclusiveyieldis 10%smallerin data
>{ F nidthigkinematicregion

Region Data Simulation Data/Simulation
Elastic 820 906 +9 0.91 £0.03
A Our predictionsfor proton N S _ows, =7 Tev,L 524"
survivalfactor: g o
{ =0.76 2 e —
(M, ,240GeV |y, I< 2.4) g Bowimer

[ Drell-Yan p'y

250 300
m(up) [GeV]
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Interpretation of CMS data

A Study of exclusive groduction of W(+)W{) atK & TeVamd
constraints on anomalous quartic gauge couplings

AQ g mneventsusedto determine aneffective,observed'luminosity’ of
two-photon interactions at high energies relevant forp&ir production
->simplytakingthe ratio (Data- MG,y )/ MG, ,si.for M, > 160GeV

elastic
ANot acleanwayto proceedX Somereasons

_ . 10° op @ Vs = 13 TeV —
A Elementarycrosssectionshaped' /dW, | A3 o E
iIsverydifferentforg g mmandg g WW : — - WW :

-> Protonsurvivalfactor is different, evenif
the samekinematicdomainis studied

do/dW,, [fo/GeV] or o, [fb]

A Differentlepton kinematicdistributions 10-2;
for elasticand dissociativeeactions 10_;_
10-4;_ -
A Differentcontributionsfrom NLOeffects £ [ — E
(e.g QED FSR) e
0 200 400 600 800 1000

W,,, [GeV]
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Photoninducedreactions

AA family ofinteractions includingphoton-proton inelasticreactions

(Very simplified schemeeé )

ATwo (alternative) waysof description

APhoton-proton inelasticForm Factole.g SurtYenniFFin LPAIR + JETSET)
- proton dissociation> forward resonancés) production
- adequate forsmallQ?
- doesnot guarantee correct dependence large @

APhoton-PDFapproach(like NNPDF2.3QEDcorporatedwith PYTHIAS)
- shouldbe relevantfor higher@?
- PYTHIAecombinationschemeusedfor forward resonanceproduction
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Photoninducedreactions

APseudorapiditdistribution of
particlesproduced in the
proton(s)fragmentation

ALPAIR telasticFF¢>

An* (n**) resonancegroduced
for the low-mass system
->low multiplicity fwd states

AForhighermassesmultiple
resonanceproduction

APYTHIA8 PhotonPDF>

Alncludesalsoo- Af Ainteractions
+O( 9 corrections

AProductionof particlesalsoin
the centraldirection

16 December 2014
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Photoninducedreactions

AO( 9 correctionsto thegy - g processshouldhaveto be also

considered
i 2) i b) K 6 j;><
 Initial state radiaiton Finalstate radiaiton Quarkpair production

\
F  nowfribution to the double-dissociativecrosssection(PYTHIAS)

AEnhancement of the crosection(disspart)
Alncreasediunderlyingeventactivity in the centraldetector
ATotal crossectioncomparison (M., > 20GeVp;” > 10GeV|' .| < 2.5)

Generator LPAIR (s-diss) LPAIR (d-diss) PYTHIA 8 (d-diss) +MRST2004QED
Cross-section 0.87 pb 1.02 pb 7.72 pb
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Photoninducedreactions

CMS, {s=7TeV,L=524fb"’

ACMS datdnterpretation (diSSOCIAtiVE it w20 Govun 2 rogon ramoves -
selectior) -> LPAIRvershootsthe data « s Gostdmocnion
at higherp{m nnvalues -> 215F s i

> E [ Inclusive WwW =
w i

- Drell-Yan t*t"

A Testingdifferent approaches R

(anddifferent PhotonPDFY 10
LPAIR vs PYTHIA8; MRST2004QED vs NNPDF:

g TT |$| TT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I T |$ TT |\
= yy—>up (double diss.) ]
w
2| with nhadrong>2 5 cut _
10° & L. E 0 10 20 30 40 50 60 70 80 90 100
F ]
C il ] GeV
C [ LPaR ] Photon PDF comparison at 10* GeV? pT(u“) [ ]
i —— PYTHIA8 + MRST2004QED i 0.05 TP
| ---- PYTHIA8 + NNPDF2.3QED ' T mggﬁgf’;gggavemge ]
10 i — 0.041- NNPDF2.3QED replicas |
E 3 ! —— NNPDF 1o ]
C n 4 — — MNMNPDF 68% c.l. ]
r . 0.03" —
B i B : Nucl.Phys. B877 (2013) 290-320.1
i T 20.02 -
=N .
1= . — -
S 0.01 p— =
- C S~ "‘“"---_‘______\ ]
; Rk e
- 1! = __ =
—l|||I|||||||II|IIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIII;_ C ‘\H“‘“-q.________d__d—-—‘______f 1
0O 10 20 30 40 50 60 70 80 90 100 0O b b e L b L e e
Ty . 01 02 03 04 05 06 07 08 09 1
P " [Gev] X

16 December 2014 M. Dyndal Photon-photon interactions in pp collisions at the LHC



Conclusions

AThereisastrongphysicscaseof pp (g o pt) p Xinteractions

A(Usually simplerfinal states+ smalitheory (QEDuncertainties

AAcrucialrole of protonfinite sizeeffects someadvancesn photon
photoninteractionshavebeenmade
Alnitself EWK)andto reach searchedomains
AWith adifficult and subtle problem of what is thadiusof proton (or Hl)
ADirectapplication Luminositydeterminationusingexclusiveg g ?*? reactions

AHoweversmallercrosssectionsfor higherinvariantmasses
-> Hlcollision® The trade off between pp andbPb the maximum
energy of photonst /R favorspp for highmass objectswhile the ¢
factor iInPbPbcross section reachek5e?...

APhotoninducedreactionsas asourceof backgroundor many

EWKanalyses (low, high' a a %T(2) measuremeniX 0

AA clearneedfor precisephoton-PDF ¢urrently, O(50% uncertaintyin
bbt 5CH®P0oV 95 X0
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Projectiondork & TMfeVmo

Process Ttot Otot @ S.fnf < Sf,}_ >
vy — H (Mg =125 GeV) 0.15 b 0.11 fb 0.74
vy = pt = (Way > 40 GeV) 12 pb 10 pb 0.8
vy = ptpm (W, > 160 GeV) 36 fb 25 fb 0.7
vy — WHW— 82 fb 53 tb 0.65

vy = vy (W, > 200 GeV) 0.06 fb  0.04 fb 0.64

Table 1: Comparison of total cross sections at /s = 13 TeV for different procsesses
pp(v7y) — ppX with and without proton survival factor applied.
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Thecaseof Hlcollisions

+ Qrosssectionfor photon-nucleuscollisions is proportionab 72
- ThecouplingKh ,-b "4 K(higherorder termsbecome importany
AExclusivel/Psi in P¥Db:

CMS Preliminary

=
o

AEur. Phys- J. C 73 (20:@17 3 I__ T T T T | T T T T | T T T T | T T T T | T T T T __I_

(ALICEbarrel' J/Psi +g g ee) % OF L itsauwr PwzzToTV =

APhys Lett. B 718 (2013)273 < gb Ean

(ALICEforward" J/Ps) % o ]

- === STARLIGHT ]

ACMSPASHIN-12-009 T ]

(CMScoherentJ/Psi +neutrons 6; e, T hmereon E

A Data favors models that incorporate 5_ E

nuclearshadowing 4 TRs S E

, . . 3 N =

A Accompaniedheutron(s)emission — E

->evenmore precisetests : 1

J/'PWith Pt <015GeV/c XuXn/XuOn 1,0,/Xu0n 141,/ X0y l:_

Data 0.36+0.04 026+0.03 003001 Ol ol Lol i1y

STARLIGHT 0.37 N/A 0.02 -1 0 1 2 3 4

GSZ 0.32 0.30 0.02 y
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Thecaseof Hlcollisions

+ (ross section fophoton-photon collisions is proportional t@*

- Maximum photon energy approximately given‘byg. ...
-> MaximumW, £ vMGeVifor PbPbat Ks = 5.5TeV
-> MaximumW, F TaVior p-patKs=14TeV

Ag g eefrom ALICE
ADataf 20%abovethe STARLIGHbFedictions
->higherordertermsin h ,,areimportant here

16 December 2014 M. Dyndal Photon-photon interactions in pp collisions at the LHC



