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Introduction to photon-proton processes

LHC : a new HERA collider!

F 1A @ Photoproduction is traditionally studied at e-p collisions

pp (ya/g = XY) p

p Remnant (Y)

? « yp events can also be tagged at the LHC

S.Ovyn

X
Experimental ~ @  Higher luminosity than yy events
vp -> WHq'

Single Top ) ) * Probe electroweak sector up to/beyond 2 TeV !
Summary

== €.g. Using Large Rapidity Gaps (LRG)

Using EPA

o :f O-yq/g(Wy

pp

A

where =4E x x,

Yaqlg
BUT pp events are more dangerous backgrounds than in yy interactions!
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YP ProCcesses

YP Cross sections

* Large variety of processes

» Significant cross sections up to 2
TeV

e.g.

y t

1.5 pb

2

* Alternative way to pp interactions to
study

1. Higgs search
2. Top physics (e.g. |V, |)

3. New phenomena up to 2 TeV

* Very good S/B expected

10

10°

10

Obtained using MadGraph/MadEvent
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Experimental aspects

Simulation procedure

* Jets in the final state require careful simulation of acceptance cuts!

MG/ME
PYTHIA » FastSim
5.0wyn Calchep
YPp processes
|
v -> WHQ' Showering, Detector simulation of a LHC-like
Single Top Hadronization, detector :
Summary Fragmentation,... - infinitely good granular resolution
- finite E resolution depending on 1
All results are obtained using LHC detectors with parametrized resolutions
and acceptances on generated events
* Only photo-induced backgrounds have been studied in the present analysis
25/04/2008
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Experimental aspects

Fast simulation

Object reconstruction

Leptons . |T|| < 25, DT > 10 GeV Muon detector

\

Jets : cone algorithm with R =0.7
for n| < 3, p. > 10 GeV

S.Ovyn
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YPp processes
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vp -> WH(q n_s VD n=3
Single Top

=3
Il
[
“

Summary * b-tagging : for In| < 2.5 - 7-tagging : for n| < 2.5 and p_> 10 GeV

* - tagging efficiency : 40%, « - typical efficiency : 60%,
* - mistagging of 1% for j=u,d,s,g

* - mistagging of 10% for j=c. - Other jets retained if p_> 20 GeV

Observability of photo-induced processes is determined using
acceptance cuts with these thresholds
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Experimental aspects

Detection and tagging

Potential backgrounds : topologies similar to signal yp events produced from
parton-parton collisions

==  Need a large rejection against pp events

1) Escaping proton signature

S.Ovyn
) v * In yp interactions, the proton emitting the photon
VP Processes é Remnant (Y)  goes not break up
vp -> WH(Q’ < - no energy in one of the Forward Calorimeter
Single Top g - tagging of the escaping proton using very
Summary forward detectors

p p

See X. Rouby's talk

2) Use of exclusivity conditions

* In pp interactions, presence of additional particles with low transverse energy due
to color flow

— The calorimetric and/or the tracking information can be
used to look for additional energy in the central detector
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Experimental aspects

Escaping proton signature

TI0°E
18 3<hi<s
Very low luminosity phase (<10* cm*s™: s [ [ .-
% e T
 Small event pile-up ©F
mm) | arge rapidity gap (LRG) - )
S.Ovyn signature can be used 1= ..... S A— — pp(yq—> WipY____.
E A pp — WiX
e.g.: S -
Yp processes _ L pp — 1iX
: 1) choose the « photon-side » (forward Fi
Experimental VAT I I I B I I I B B
' > WHQ calorimeter containing the minimum of energy ) ® 20 40 60 80 100 120 140 160 S50 O
Single Top 2) cut on the maximum allowed value for this energy
Summary

Advantage : independent from very forward detectors features (Roman Pots)

Drawback : - low integrated luminosity expected : 1 fb™

- kinematics is less constrained

Low luminosity phase (~ 103 cm™ s?)

* Use of very forward detector is mandatory !

mm) [xpected integrated luminosity of 10-30 fb™
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Experimental aspects

Use of exclusivity conditions

Exclusivity based on the tracker

e.g.: 1lepton and 1 jet expected

‘B Tracker [~ 3« Exclusivity cuts can be applied to
o . 1 reject soft tracks from event vertex
S-Ovyn 1; ; e-g- :
= 1 Require no additional track with p_>
Yp processes aF - /V 1 0.5 GeV outside jet cones (R =0.7)
) | with1<n<2s

P -> WHQ' £ lFcal . 7 ECal | 3 b Reduction factor :
Single Top 6 -+ 2 0 2 7 6 -vp events : ~ 0.5
Summary ' —~— — - pp events : ~ 0.001

Empty hemisphere

After the application of rapidity gap and exclusivity cuts, contribution of pp
events is similar to the one from yp events

mm)  Only irreducible yp backgrounds have been studied in this presentation

Exclusivity based on the calorimeters

An additional cut based on the energy measured in the central calorimeters can
also be applied
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YPp processes

Experimental

vp > WHq'

Single Top

Summary
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U c L Associated WH photoproduction

Université catholigue de Louvain - .
Motivation
v w v
w
~
W H
q q.a' q

S.Ovyn

YPp processes

—

* WH production at LHC challenging
due to W+jets, tt, WZ

tt less overwhelming than in pp
case!

* Associated production of WH has significant cross section at LHC !

Obtained using MadGraph/MadEvent

EXperlmentaI E SR EEE Y e ST I e Iy ) Sppel My juyugs Sy Sy AU S P DU R AL A -_l__l-h_l__‘l-__-
’ =, ok WHq' |
1P -> WHq e =WHg' - bblg’ E
Introduction v B Tl .
Acceptance cuts oI s S WWhigis '_‘_"_ijqf____é
WHq’ — Ivbbg' EWHg - Itjig et S WHq' — llig’
WHg’ — jiI*q’ et e - R
107 e T T e L WHO' s g ~. N
WHq' - lliq’ = e ~3
Single Top - T e i
Summary 10° 5" pp(y g— WHa)pY el N3
- \/S,,=14 TeV S ]
10'3 | | | | | | | | | | | | | | | | | | 1 | 1 | | | | T
120 130 140 150 160 170

my, [GeV]
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Five topologies are studied
- WH - Ivbb, I=e,p,r,
- WH »Wr't > jjii'l, I=e,p,
- WH »Wr't™ > jjl't , I=e,p,
- WH >WW*'W = lll,I=e,p,t,
- WH »>WW*'W' = jjlI*I*,|=e,u,t.
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Associated WH photoproduction

Visible cross section after acceptance cuts

Goal : assess a possible alternative way to observe a light Higgs, in channel with
different systematics from H—yy

¥ w7 w
DD VS yp Cross sections W "
W S H .
S.O
o pp P : L ,
Yp processes WH-channel | ~15pb  ~231b S/B improved by more than one order of
Experimental t ~ 730 pb ~ 1.5 pb magnitude
vp -> WHQq’
Introduction

Results after application of acceptance cuts

Acceptance cuts
M, =115 GeV M, =170 GeV

WHq' — Ivbbqg' AN I o
g | Topoogy Wb T s, Wt Ve
WHa' — liiq’ c WHq' [fb] 542 0.14 0.52 0.55 1.17 _ 3
e T « For analysis, more specific cuts
ingle top S can be applied.
Summary acc 0.12 0.01 0.04 0.07 0.22

Irreducible backgrounds (tt, Wt, Wzq', WWW, WIIg' Wbbq'") * Interesting sensitivity for 2

o, bkg 373 30.8 668 144 028  topologies Ivbb and ji

25/04/2008 High energy photon collisions at the LHC - CERN 12



U c L Associated WH photoproduction

BN v — WHq — Ivbbg' topology

£, Tonology - Signal selection :
2 Al @ « E " <50 GeV
1425\ f}/

R

} Llepton | 1 jsolated lepton with p,> 15 GeV
« 2 b-jets with p > 20 GeV

S
S
A

S.Ovyn H } 2 bjets |, No other additional jet with p,> 20 GeV and In| <3
YP processes q !
. 1 «Y(P" )<140 GeV
Experimental tracks
w -> WHq'  Considered backgrounds : tt, Wt, Wbbq'
Introduction 2 T
fb WHa Bk 4] Y p processes .
Acceptance cuts [fb] q g .@ 0.061- B WHo' v b B
: 2 s Do _:
ST o005 e ]
HiAE = A o, (HFtag) = 477 8229 S :
WHq’ — llig’ T 0.04f E
c_.(topology) 0.10 1.85 : . ]
Single Top 0.031 S L E
Summary o, (finalcuts) 0.06 0.31 : b E
Signifiance after 100 fb: 1.5 ¢ E
0.01 —]
Physics goal : L
- sensitive to g, which is very difficult %o 100 150 200 250 300 350

tracks
25/04/2008 to measure in pp collisions ):pt



U c L Associated WH photoproduction

) p — WHq’ — jjI¥I*q" topology

Université catholique de vain

Topology : Signal selection :

. E," <50 GeV

- 2 same sign isolated leptons with p > 10 GeV

- > 2 jets with p > 20 GeV and n| <3
S.Ovyn

q « No t-jets with p > 10 GeV and || < 2.5
q q « No b-jets with p > 20 GeV
YPp processes t
E [ I
Xper\ll:/n: n,ta » Considered backgrounds : tt, Wt, WIlq', WWW('
L M, = 170 GeV
Introduction BSOS T T |E%ﬁ95575b5
’ s [ q— v b bg’
Acceptance cuts [fb] WHa'  Bkg : F T 1 —w
WHq' — Ivbbg' G 1.17 1041 E 041~ — WWw
I e ]
WHq' > jilFq c (HFtag)  0.73 805 8 ol R
’ ' [I'S - _
s =l c__(topology) 0.19  0.80 - s :
Single T 0.2 -
e 1O Signifiance after 100 fb* : 2.3 © : ]
Summary C ]

Physics goal : M e T
- sensitiveto g, 6
- crucial for a fermiophobic Higgs N,

25/04/2008 High energy photon collisions at the LHC - CERN 14



U c L Associated WH photoproduction

i vp — WHq’ — lliq' topology

Université catholique de vain

Signal selection : Topology :

. EOFca‘I <50 GeV

- 3 isolated leptons with p > 10 GeV

* « Z boson veto » : veto if 2 same sign leptons with
60 GeV <M, <120 GeV

* « HWW tag » : presence of 2 opposite sign leptons with

Yp processes A <1 . ,
Experimental . « 2" jet veto » : veto if 3 jets with p. > 20 GeV and . q
; t 3 isolated leptons
vp -> WHq Inl <3
Introduction « No b-jets with p,> 20 GeV
Acceptance cuts °njet>1 2 LR RN A AR AR L AR RN
WHq’ SN |VbbC|' 4 - T P processes o
: : ,u WHq'— vb bg' -
WHQq' = jjl*l*q’ » Considered backgrounds : tt, Wt, WIlq', WWW(q S10" —wt -
) : , 2 — Pwwg :
W wae B % | e e
'R
SHig| @ U G 117 276 102 :
Summar =
! o_(HFtag) 050 238 -
o, (topology) = 0.02  0.02 "

Signifiance after 100 fb™ : 1.6 o
. .. 0 20 40 60 80 100 120 140 160 180 200
25/04/2008 High energy photon collisions ¢ Nt



S.Ovyn

YPp processes

Experimental
vp -> WHq'

Single Top

Summary

25/04/2008

High energy single top photoproduction
at the LHC

High energy photon collisions at the LHC - CERN
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Single top photoproduction

The LHC is a Top factory!

~y j 8l %%
w t w ¢
S.Ovyn q J b t
t-channel Wit-channel Anomalous top
YPp processes
Experimental
P -> WHQ' Physics highlights pp VS yp Cross sections
Single Top pb pp P
Wechanel - Wt and t-channel related to V Wt-channel ~ 60 ~1
Anomalous top * Sensitivity to new physics : FCNC t-channel ~ 245 ~ 0.006
Summary « Possibility to study top properties (mass, Wijj ~ 35000 8.7
charge,...) t ~ 720 1.5

» Wt-channel : more favorable background condition than pp case

Wt
« What kind of uncertainty is reachable on IthI? ~ 0.7

25/04/2008 High energy photon collisions at the LHC - CERN 17



Single top photoproduction

W associated single top production

SM single top production :  yp events : Wt/ total top production = ~50% w=m ldeal to

study |V |
pp events : Wt / total top production = ~5%
Semi and di-leptonic topologies are studied :
Y v Y
S.Ovyn -
l+
Yp processes ,
Experimental
vp -> WHQ’ b _ b b _ _
Sl o 2 leptons and 1 b-jet 1 lepton, 2 jets and 1 b-jet
Introduction
Results after acceptance cuts
Anomalous top Topology Ibj b Measurement of V_after 10 bl
Summary
c Wt [fb] 440 103.7 « AlV_|/IV,| = 10% in the di-lepton Wt channel
O, 34.1 8.69 « AV _|/IV, | = 16% in the semi-lepton Wt channel
Irreducible backgrounds (Wijjj,Wbbqg', WWq',tt) See J. de Favereau's talk
c . bkg 63.0 3.00

« Assuming V _, one can also measure the top
electric charge

25/04/2008 High energy photon collisions at the LHC - CERN 18



U c L Single top photoproduction

Anomalous top production
See J. de Favereau's talk

Effective Lagrangian for anomalous coupling :

4 . .4
S.Owyn L=iet——"—k uA"+iet—="—k cA"+h.c.
: t ! tmy t

YPp processes

Experimental Where o'V = Y“Yv;Yv Y

vp -> WHQq’

Single Top mm) Therefore, the cross section takes the form : 0 =X uktzu y-|—0( Ckfcy
Introduction

Wit-channel with  «,=368pb and  «_ =122 pb, computed using CalcHEP

Anomalous top

Summary

Physics highlights
* Sensitivity to new physics : FCNC

Limit on ktUY could be
« Current limit obtained by Zeus : ktuY ~0.17 significantly improved even at

« At HERA only u-quark relevant, at LHC also start-up luminosity !
c-quark contributes

25/04/2008 High energy photon collisions at the LHC - CERN 19



Single top photoproduction

Limits for anomalous couplings

Results after acceptance cuts

Topology :
Topology (ktuy =0.1, ktcY =0)

0.04

0.02 ~ factor 10 wrt Zeus limits

v Topology Ib
} 1 lepton G t[fb] 769
et
G 144
b } 1 b-jet
Irreducible backgrounds (Wj, Wc)
rocesses
L o bkg 139
Experimental ace
vp -> WHq’ Cross section contours as a function of
Single Top anomalous couplings : Expected limits at 95% CL
Introduction O, =0-5 SM 4 roung
Wit-channel Fouaf o 10SM. Coupling Limits
e -1t L-10"
C o —>|=2'D SMba.c,ﬁ raund
Sy AR . ’ g 0043  0.024
n.uaf— Tl w . .
0.06 ktcy 0.074 0.042

See J. de Favereau's talk

PR PR PR PR |
0 0.05 0.1 0.15 0.2 0.25
ktt‘f

25/04/2008 High energy photon collisions at the LHC - CERN 20



Summary

Summary - outlook

* High energy vyp interactions have significant cross section at the LHC

*vp->WHq' (100 fb™)

S.Ovyn - Yp — WHq’ — Ivbbq’ topology : sensitive to g, which is very difficult to assess in
pp events
R * 10 — WHq' — i "q" topology For m =170 GeV a combined significance
Experimental , : , :
> WHq' *vp - WHQq' — lliq' topology close to 3 ¢ is achieved
Single Top

 Wt-channel (10 fb™)

- Wtrelated to V, == seems very promising even after 10 fb?

* Possibility to study top properties (mass, charge,...)

» Anomalous top

* Large improvement of sensitivity is expected on current searches for anomalous
couplings (FCNC) with 1 fb™

25/04/2008 High energy photon collisions at the LHC - CERN 21
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Photon-proton cross sections

Processes a [pb] Generator  Cut
~g — 1 1.54 MG /ME -
~q — Wi 1.01 ¥ -

WWWyg' 6.04 x 1077 -
WHW ¢ || 0.605 -
Wag' 0.349 cut 1
WZq' 0.151 -
We 11.4 -
Wt 28.1 -
W= 25.0 -
vq/g —Wij 19.2 -
Wi 8.68 -
g — 4] 2.62 CalcHEP -
vqlg — Zjj 1.34 MG /ME -
Z739 0.827 /7 -
~g — ZZq' 1.73 x 1077 -
¥i 25.3 CalcHEP  cut 2
vq/g —ij 12.9 MG/ME  cut 2
“777 5.485 7/ cut 2
~vg  — g 304 %10~ cut 2
Whbg' 45.8 % 107" cut 3
Wrtr—q¢' || 1.62 » 10~ cut 4
Wete—qg" || 19.6 x1077 CalcHEP  cut 5
Weter ¢ | 443 x107° cut 4
cut 1 : pp. > 20 GeV,
cut 2 : pr. > 20 GeV, |n7| < 5, AR(v,j) =0.3 and AR(~, ) >0.3
cut 3 @ M,z = B0 GeV,
et 4 ¢ A, = 110 GeV,
cut 5 : 10 GeV < M+, < 70 GeV,

High energy photon collisions at the LHC - CERN
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©  direct contribution

resolved contribution

Cross section [pb]

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

E, [GeV]
Obtained using MG/ME VP> WHG,
) -
E 103 : o : o Direct contribution
E Resolved contribution
0 S
g 1w
5 F
107
25/04/2008 High energy 10°0"""500 400 600 500 1000 1200 1400 1600 1600 2000 2200

E, [GeV]
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WH and Wt acceptance cuts

Cross section [fb] ¢bjj a4 W1t events
o Wt 440 103.7
Tace 34.1 8.69
Irreducible processes Acceptance cut £byj £eh
Tace Tt 46.37 | 2.80 Ny 1 2
Wijij 15.61 - Njet 2 4+ 1 b-tag | 1 b-tag
Wbbg' 1.01 - st 3 95
WTW ¢ - 0.18
Tace total 62.99 | 2.99
Acceptance cut £bb jiel | gitm, | el | et 45
Ny 1 2 1 3 2
Nr, - - 1 - -
WHC]‘ events Njet 2 b-tag 2 2 <1 > 2
|5 ax 3 3 3 ! 3
Cross section [fb] ebb | jiete | gibm, | el | jieEeE
mp = 115 GeV mu =170 GeV
c WH¢ 2.42 0.14 .52 0.5 1.17
Tace 0.12 0.01 0.04 0.07 0.22
Irreducible processes
Tace Wt 1.18 4.25 0.98 - -
tt 247 | 24.7 6.40 - -
W bbq' 0.19 - - - -
Wetq' - 0.42 0.07 0.43 0.11
WZq' - 1.51 0.12 0.98 0.06
WWWyq' - 0.25 0.08 0.03 0.10
Tace total 3.84 31.2 7.63 1.44 0.28 ERN 75



Fast simulation of a LHC-like detector

Longitudal view of the detector

(}-‘p
—=0.05
P, Deétecteur a muons
% _ 13 50,06
E JE
g, _27 I 2 g0.058 HCAL
3 _Jf$ﬂ 13 F JE
N=24 \ | FCOAL
1=16 [
VE Traceur
- n=3

a0, 0.05 _ 0.25 For electrons and
—= A @ 0.0055 photons

@
0= —ln(tan-] : =
: E AF

High energy photon collisions at the LHC - CERN 26




