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Motivation

» General pp — p') pl) £* £-processes:
= Can be a non-negligible background for DY processes [Par|5| 1978]

or any other dilepton analysis 10" e "
= [n proton dissociated cases, photons entering f \9 _
to the hard reaction (yy — u*w) canalso o \

couple to quarks inside the proton
-> gives an access to QCD EW PDF'’s

(LPAIR approach: form factor at y-p
dissociative vertices)

= Important to get a better experimental
knowledge of such processes in high energies

.| MRsSTQEDO4 b\
10 t proton pdfs : E
: Q° = 20 GeV?
O dw dQ?
= Also we know that dn, ~ — ——- ot e
i T W QZ a3 2 -1 0
10 10 10 10

-> With Pb on one side (p-Pb) o. becomes Z%a.
in this formula

-> Potential measurement of such reactions at lower luminosities
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MC studies for pp — pp uu

p p

= Generators used

= Exclusive (all with BudnevPDF): e

= HERWIG++ (ver 2.5, MEgg2ff matrix element) D D
= FPMC (default exclusive ¢*/-, based on HERWIG 6.500)
= LPAIR (ver 4.0, default elastic)

= Proton-dissociative:

= LPAIR (both single and double diss, Suri-Yenni + Brasse form factor at
diss-vertices, JETSET 7.408 for the fragmentation of excited protons —
according to the LUND model)

= PYTHIAS8 (double diss, gmgm2mumu with MRST2004QED PDF)
= DY Z/’y:
= PYTHIA8 with AU2:MSTW2008LO
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Elastic processes: pp—pp 1u

Via quasi-real photons exchange (diagram)

The cross section for this process is calculated:

(1) Using the number of equivalent photons (EPA)
by integration over the whole virtuality range:
2
2 2l 2 =2GeV?

min P 1 —r maxT

Integrand contains the proton EM form factors
(calculations done by Budnev et al., 74")

(2) And the QED yy — u*u cross section

Implemented in HERWIG++, LPAIR (used at HERA, Tevatron and CMS) and FPMC

Cross checks between HERWIG++ and LPAIR done
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Elastic processes: pp—pp 1u

.Mccomparlson $160:—IIIIII|III|III|III|III|III|III|IIIIII—:
E 140~ ILdt =1fo" n,|<2.5 E
= pp @ Vs=7TeV 1201 u E
= Event distributions ; . -
. i 80K VYU U MH+H->20 GeV 1
normalized to 1 fb! R
: , 605 — Herwig++ b
= Kinematics: . .
40F
« p/*> 10 GeV :
=M, > 20 GeV 20;
" |r]|_1| < 2'5 E 1
S 1.
: e
= Total cross section = 0.
for exclusive yy — p'w %% 20 40 60 80 100120140160180200
(with cuts above) M- [GeV]
= 0.83 pb
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Elastic processes: pp—pp 1u

= Ap; (left), acoplanarity (right) of the muon pairs
= Different slope in FPMC; H++ fully compatible with LPAIR

Entries
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150/ || 1 1501 L 1
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50}
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Inelastic (pdiss) processes: pp—XY uu

= Photons in the proton(s) can also couple to g/anti-q (diagrams)
= Calculations need to be done using QED corrections: like PDF MRST2004QED

« Here <Q*> depends also on the partons momenta => spread in Ap; of the
muons, very subtle check of the proton structure Single dissociation

Double dissociation
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Inelastic (pdiss) processes: pp—XY uu

= O(a) corrections to the yg — g process should have to be also
considered

= o LUK

a) Initial state radiaiton

b) Final state radiaiton
c) Quark pair production

= Enhancement of the cross section (diss part)
= Increased underlying event activity in the central detector
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Inelastic (pdiss) processes: pp—XY uu

= Pseudorapidity distribution of
particles produced in the
proton(s) fragmentation

= LPAIR —>

= A* (A**) resonances produced
for the low-mass system
->low multiplicity fwd states

= For higher masses, multiple
resonances production

= PYTHIA8 —>

= Includes also y-q/q interactions
+0O(0a) corrections

= Production of particles also in
the central direction
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Inelastic (pdiss) processes: pp—XY uu

= Additional cuts (to compare PYTHIA8 with double-diss LPAIR):

= Exclusivity”
requirement:

- - g E T | T T 1 | T 1T 1 | T 1T 1 | T 1T 1 E
no a-dd|t|on.al = 400;— [ Herwig++ (excl.) _;
particles with L 350L [ LPair (single diss.) E
pr > 200 MeV and = [[_] LPair (double diss.) ]
| N | <25 300;_ - Pythia8 (double diss.) _;
2501 =
= Single diss is at the 200F =
same level as the 150 =
exclusive part 100F- =
« PYTHIAS is 50 =
1 : Jd 1 I 1 1 | 1 1 | T..I- I-. [ farr I | | - |:

comparable with the %720 40 60 80 100 120 140 160 180 200

double-diss LPAIR M. [GeV]
(after exclusivity req.)
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Inelastic (pdiss) processes: pp—XY uu

= Leading lepton p; (left) and Ap; of the muon pairs (right)
= (after exclusivity requirement)

égooz_l ||||||||||||||| |||||||||||||||| ||||||||||| |_: §300 |||||||||||||||| |||||||||||||||| ||||||||||| |_:
c - B Herwig++ (excl.) 4 E [ Herwig++ (excl.) .
W 250 — I LPair (single diss.) — L 250 [ LPair (single diss.) ]
- [ LPair (double diss.) ] [] LPair (double diss.) 7

200 :_ - Pythia8 (double diss.) N 200 -.-— Pythia8 (double diss.) _:
150 150 —
100 100 =
50F- 50 —

:I L1l I L1 1 1 o B T N 5 5 e s Y (0 W A Y Y 1 T T T T T ) A I
0O 5 10 15 20 25 30 35 40 45 50 0 01 02 03 04 05 06 07 08 09 1

p2 ot [GeV] Ap,| . . [GeV]
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Inelastic (pdiss) processes: pp—XY uu

= Transverse momentum of the dimuon system

= Sensitive to the QCD EW PDF (reminder: form factor at y-p
dissociative

verticesin LPAIR) & o T AR i
€ 10 I Herwig++ (excl.) =
= [ LPair (single diss.) E
 Dissociative events | [ e )
hard to distinguish
from the std DY - :
processes... 8 Yo, E
= Single proton tag i -
should give us a direct £ =Ry
access to the diss E j
content 1010 20 30 40 50 60 70 80 90 100

u u
P [GeV]
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Inelastic (pdiss) processes: pp—XY uu

= Comparison with DY

(’) = T T T T T T T T T | T T T | T T T | T T T | T T T =

" Pp @ Vs=7/TeV = ok — ZIy—up DY (Pythia8) -
c L. . c = — yy—>upu (total) IE

= Event distributions aoF [ yy—up double diss. (Pythia8) 3
: - 107 B vy —up single diss. (LPair) —
normalized to 1 fb?! i B vy —>up excl. (Herwig++) -

= Kinematics: 10°g E
= p*>10 GeV 1O4é— _é

. MHP-> 20 GeV 103;_ _;

+ In,l <25 - :

- : 10% & —

= No specific selection S =
(exclusivity, DY) 10% i

Cf

20 40 60 80 100 120 140

= vy is a sizeable especially M. [GeV]

at low mass (about 10%)
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Inelastic (pdiss) processes: pp—XY uu

= Comparison with DY

. %)
. pT Of the dlmuon SyStem q:) 10° — Zly—>pp DY (Pythia8)

distribution g 1o o dis, (ytiad) -

(low system p; region) 10 B 1y —>up single diss. (LPair)

B vy —up excl. (Herwig++) .

= No additional cuts 10 —5

imposed =
10°

= Good variable to
separate exclusive 102
and DY events

|

0 0.5 1 15 2
p;" [GeV]
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Inelastic (pdiss) processes: pp—XY uu

n LI LA L L L I L B
2 — Zly—>up DY (Pythia8
£10’ _
. PYTHIA vs LPAIR '-'CJ Eg:ﬁﬁ ggtjatge diss. (LPair)
10° B vy —up single diss. (LPair)

B vy —pp excl. (Herwig++)

= LPAIR: only y-p inelastic
processes with a given form factor at
p-diss vertex (Suri-Yenni, ...)

= PYTHIAS: includes a|5°’Y'CI/a 720 40 60 80 100 120 140
interactions + O(a) corrections Mo 5

- MRST2004QED PDF Sy — 21 s
: : o B single ciss, (LPait)
= Total cross section comparison: w0 B/t ot (orwign

=M, >20GeV, p#>10GeV, |n,| <2.5

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

= Note: no implementation of
1 e 1 ]0 20 40 60 80 100 120 140
single-diss processes in PYTHIA... v [Gev
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Other dilepton channels

= Different lepton channels E 1400 s
have been also studied 120 g
100(— =
= Small differences expected sor- —H+exclyyoee ]
S e H++ excl.yy— o .
at low dilepton masses 60}~ el T s
(t+u leptons exchange) oF E
20— ]
030720 60 80 100 120 140 160 180 200
. M [GeV]
= Total (exclusive) o
0 160 ]
Cross section comparison 5 1401 E
- M, > 20 GeV 120 .
100 —
- "> <Z. - — H++ excl.yy— e'e .
Pr 10 GeV’ |r]u| 2.5 510] S SR S — :++ gxg:.w% fﬁﬁ' =
60:— == H++ excl.yy— t't E
Leptons ee Ja T 40; é
Cross-section 0.83 pb 0.83pb 0.82pb 20 -
005101520 25 30 35 40 45 50

pI:ading | [Ge\/]
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« vy — £*0"is an important process to cosider to achieve high
precision measurement of DY

= Potential source of background for any other dilepton analysis

= MC studies done:

= Fully exclusive yy — p*u: process is well described by the variety of
(available) generators

= Dissociative yy — pu*u : PYTHIA8+MRST2004QED should be the right
choice, but no single-diss process implemented yet

= Single proton tagger should provide a direct access to the
proton-dissociative part -> precise measurement of the vy,
content of the proton PDF
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cos(6¥) distribution

= Polar scattering angle in the Collins-Soper (CS) frame

= One could expect quite different shape in the Drell-Yan
processes (spin 1 vs spin 1/2 particle exchange)...

RN RN RN R RN RN N LN RN AR
10 — Zly—>pp DY (Pythia8)
— yy—uu (total)
[ Jyy—uu double diss. (Pythia8)
B vy —up single diss. (LPair)
B vy —uu excl. (Herwig++)

Entries

= Differences mainly at
high | cos(6*)| values
->suppressed by the
presence of the dilepton 10"
kinematic cuts 10°

10°

10°

J

IIIIII|_|_| IIIII|_|_| IIIIIIII| IIIIIIII| IIIIII|_|_| IIIIIII_I_I_

10?

10
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|cose*|w_

20 November 2013 M. Dyndal = Exclusive u*u production



PYTHIAS8 vs LPAIR (d-diss)

= Double-diss PYTHIAS8 vs LPAIR

= LPAIR: only y-p inelastic
processes ->

= Production of forward
particles

3
i

PO @O0

= PYTHIAS8: x-s dominant
by the y-q/q interactions
+ O(o,) corrections  ->

= Particles also visible
in the central part
of the detector
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