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at the LHC
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Introduction to photon-photon processes

LHC as a photon-photon collider !

pp (yq/g - X) pp E 10° total luminosity
UCL p VFD = % B with double tag VFDs
107 £
S.Ovyn -
X 4_
Lepton pairs
Susy pairs p VFD 107
W and Z pairs 0 20 a0 eoo. - @0 1000
Summary Wy [GeV]
* Very clean event topologies : Luminosity peaked at low WW
- centrally produced particles
- 2 protons measured far away Using EPA
from the IP
« Factorization to _ f yy AW
: 0)
- long distance photon exchange pp Yy dW Yy
- short distance yy—X

* Detection and tagging : use of very forward detectors (VFD)
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pp processes
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processes

Lepton pairs
Susy pairs

W and Z pairs
Summary
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pp Cross sections

Obtained using MadGraph/MadEvent

» Huge pp background sufficiently %103
suppressed

AR =

* Photon momenta precisely

measured using VFD 10°

«==) reconstruction of the longitudinal
degrees of freedom

] ] - 10
 Several large inclusive cross sections

yy— MY : first yy process to be
seen (c=72.5 pb) '

- high statistics foryy—» W'W
== precise measurement of _
the yYWW coupling 10

yy—F'F (m=100 GeV)
- yy—F'F (m=200 GeV)
==+ yy—S'S (m=100 GeV)
== yy—8'S (m=200 GeV)

ﬁﬁﬁﬁ
»»»»»»
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- Supersymmetric pair production  For pp(yy—u'i)pp,
p"> 2 GeVand |nu|<3.1 ‘., :y
1 0'2 N L1 Lo Lot o |
. . . 0 200 400 600 800 1000
* High survival probability factor w, [GeV]
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Lepton pair production

=R
P P » Well known and large cross section
s+  *pp luminosity monitoring : ~ 800 events/12 h
’ (L=10*cm?s?)
UCL - * Calibration of very forward detectors
’ * VFD acceptance
S.Ovyn » Misalignment of the beam optics
p p
/Y Processes VFD o
: CMS / ATLAS 220m 420m
.
Susy pairs / ” H _
W and Z pairs 'i f
Summary TTANMANL LA _ P
e i H / 2mm  4mm
VUD - / -
420m 220 .+~ 300 events per run are selected
with at least one VFD tag
In|<2.5 == run-by-run calibration
p,">3GeV p*">10GeV
Oucc 21600 fb 1340 fb « Require a dedicated trigger
c__(with VFD) 7260 fb 1270 fb with low thresholds
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Supersymmetric pair production
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/Y Processes

Lepton pairs

W and Z pairs
Summary
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¥

SuSy search...

LM1 : very light LSP, light sleptons, light charginos,

Example for the LM1 parameter space

tg(p)=10

Ly

’\"\‘\-L % Dal ¢
T e o

# evenis / 15 GeV

* New, complementary and simple production

mechanism

-Very simple final state : 2 leptons and E ™ 3

* Using double VFD tag : constraint on E

the SuSy masses 8

c (fb) c ()
p.>3GeV p>10GeV

vy — %’;@R 0.798 @ 0.627 0.475
¢fe; 0183 0.142 0.133
7777 0.604 | 0.175 0.146
xivx; 0.642 0.111 0.035
H*H~ 0.006 - -

vy — WTW™108.5 | 4.257 3.652
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W, [GeV]

SuSy pairs produced with Calchep,
decay with Pythia

LM1: ey/ue

L=100fb"
# evenls = 5.262

C vy — W'W) /80

oo™ b

Ny -5 %0

1771 a2

T T
Bl yy—ee LA

P
Cyy— TT. 5T

T T — T
400 600 800

1000
W, [GeV]

1200

Small cross sections, probably
not a discovery channel




W and Z pair production

* High cross section ~ 100 fb
* Very clean signature

== Stringent test of the SM
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Anomalous gauge boson couplings

as well as local U(1)em and SU(Q2) :

/Y Processes

+ Gsa&c cuts
1 _5*0851& cuts

. 2*Gsa|&c cuts
. 4*68a|{:4c cuts

II\\\\IIIIIIIIIIlIIIIlII\\‘II\\‘\III'X10-6

Lepton pairs g
Susy pairs

W and Z pairs [
Summary 6
x10°

& 15

= C

2 r

g 10—

% C

omg 5
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o

-10;
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a/A? [GeV?]

n]<2.5
WoWWopy pt>3GeV  p¥> 10 GeV
Oucc 0.80fb  0.76fb

o, (With VFD) ~ 0.70fb  0.66 fb

Lagrangian for anomalous quartic vector boson couplings which conserves C, P

2 AW ) Z
—e aO J18% +x — e aO HYV X
2 P FW W - ] F, F"Z7°Z,
A 16cos 0, A
7 W 7 Z
—e aC up + — - + e aC x
——F F7" (W W, +W "W, )— F F A/
16 A2 M ( B B) 16C0529W A2 o~ pbetha B

no other background than SM y -WW
for 30 fb™ expected 22.8 (18.6) events

while current OPAL limits are:

-0.020 GeV < a(”)V < 0.020 GeV

-0.052 GeV < ag’ < 0.037 GeV
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Summary
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/Y processes
Lepton pairs
Susy pairs
W and Z pairs
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Summary - outlook

* LHC is a yy collider

* vy -> Y : interesting for luminosity monitoring and RP calibration

vy -> WW : limits on 4-vector coupling could be really improved

» SUSY pairs could be measured for high luminosity runs
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at the LHC
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Introduction to photon-proton processes

LHC : a new HERA collider!

Photoproduction is traditionally studied at e-p collisions

pp (ya/g » XY) p

UCL P Remnant (Y)

S.0wyn % * yp events can also be tagged at the LHC
_ mm) e.g. Using Large Rapidity Gaps (LRG)
Y p processes

X
Experimental  Higher luminosity than yy events
 -> WHq' gl
Single Top * Probe electroweak sector up to/beyond
Summary p P 2 Tev!

Using EPA
_ T 2
O-pp_f O-yq/g(W yq/g)fy( xl)fq/g (x2 3¢ )dxl de

A

where W2 =4 F x x
yqlg p 172

BUT pp events are more dangerous backgrounds than in yy interactions!
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Yp processes

Yp Cross sections

Obtained using MadGraph/MadEvent

| g - g Wj e YW
* Large variety of processes o | —ygoy] T TWWG
- SRR | B Yoz YAl
UCL - Significant cross sections up 0%k gt 7 YAWHA'(m =115 GeV)
to2 TeV - 19> WWWa'
S.Ovyn )
e.g. -

: S A
Experimental S
¥p -> WHg' 1.5 pb i
Single Top B l S,

Summary ! 10°F |
* Alternative way to pp interactions : Mo e
to study - R
1. Higgs search 1ok e
2.Top physics (e.g. |V.]|) " j=u,d,s,c.9 e b
PPy 9 tb - pt(j) >10 GeV, Inj|<5, AR(jj)>0. :
3' NeW phenomena up to 2 TeV _Iplt(?') I>:II- IGeI\/I | L1 | L1 | | | | 'I r‘I"ITJ“"["-.{ | | | I“I
0 200 400 600 800 1000 1200 1400 1600 1800 2000
* Very good S/B expected -
08/03/2008 HLPW 2008 - Séverine Ovvn 11




Monte Carlo production

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

MG/ME
~» PYTHA ~ FastSim
U C L Calch ep Detector simulation of a LHC-like
Showering detector :
S.0wyn . U el - infinitely good granular resolution
Generation Fragmentation.... - finite E resolution depending on 1
Y p processes |
Objects reconstruction
vp -> WHQ'’
Single Top Leptons : In| < 2.5, p, > 10 GeV Huon detector
Summary
Jets : reconstructed in a cone \ HOAL
R =0.7 for In| < 3, p,>20GeV 724
b-tagging : for n| < 2.5 ﬂi> E:ALk

- tagging efficiency : 40%, n-s1 2 n=3

- mistagging of 1% for j=u,d,s,g Observability of photo-induced processes is

- mistagging of 10% for j=c. determined using acceptance cuts with
these thresholds
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Experimental aspects

Detection and tagging

—
Q

T
T

Very low luminosity phase (<10* cm? s?):

» Small event pile-up

Fraction of events [%]

UCL

mm) |arge rapidity gap (LRG)
signature can be used

S.Ovyn
* For example, forward energy flows 3 P
Y p processes . ;
_ (into 3<|n|<5) in one of the two

hemispheres less than 50 GeV T A B

vp -> WHQ' 0 20 40 60 80 100 120 140 160 Ipéfd 200

Single Top _ Fo16eY]

S Advantage : independent on very forward detectors features (Roman Pots)

Drawback : - low integrated luminosity expected

- kinematics is less constrain

 Expected integrated luminosity of 1 fb™
Low luminosity phase (~ 10**cm™ s*)

 Use of very forward detector is mandatory !
 Exclusivity cuts can be applied (e.g. vetoing soft tracks from event vertex)

* Expected integrated luminosity of 10-30 fb™
08/03/2008 HLPW 2008 - Séverine Ovvn 13




Associated WH photoproduction

Associated WH production Obtained using MadGraph/MadEvent
= 26

¥ W o 25

@ X 24\““-\
w S 23 \
22 M
UCL q J d . T~
‘-\\

S.Ovyn » Associated production of WH has “ ~

significant cross section at LHC ! Uis 1 s 1w s 1 s 160

rocesses ) ) Higgs mass [GeV]
L * tt less overwhelming than in pp case!

Experimental M =115 GeV M, =170 GeV

, N A
Five topologies where studied  Topology lvbb  jjI'I jjI*rh e
Summary - WH = Ivbb, I=e,p,x, c WHq' [fb] 542 0.14 0.52 0.55 1.17
- WH »Wr't = jjl'l, |=e,y,
“WH »Wr't 2 jilt, l=e,u S 0.12 0.01 0.03 0.07 022
h! ) )
-WH > WW'W > |||,|=E,IJ,T, Irreducible backgrounds (tt, Wt, Wzq', WWW, WIiq' Wbbq")
- WH >WW'W- = jjl* l=e,u,1. o, bkg 360 299 7.35 126 0.27

Results after application of acceptance cuts

 Very small statistics = not a discovery channel
* Interesting sensitivity for 2 topologies : Ivbb and jjI*I*
* For analysis, more specific cuts can be applied.

08/03/2008 HLPW 2008 - Séverine Ovvn 14




Single top photoproduction

The LHC is a Top factory!

Y J |7 W D
UCL W t %% ¢
S.Ovyn
q ] b t P
1 P PIOCESSES t-channel Wt-channel Anomalous top
Experimental
P -> WHg’ pp Vs yp cross sections
Single Top Physics highlights
S
Wi-channel » Wt and t-channel related to V Wt-channel |~ 60 pb ~ 1pb
Anomalous t " :
Sumnn::rilous o « Sensitivity to new physics : FCNC t-channel ~245pb ~6.21b
* Possibility to study top properties Wij ~35nb 8.7 pb

(mass, charge,...) it ~720pb 1.5pb

» Wt-channel : more favorable background condition than pp case owi ~_ 0.7

. . . Ott
« What kind of uncertainty is reachable on |th|?
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Single top photoproduction

UCL
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Y p processes
Experimental
vp -> WHq’
Single Top

Introduction

Wit-channel

Anomalous top
Summary

08/03/2008

Typical analysis cuts

Semi-leptonic topology

- 1 isolated lepton with p > 20 GeV

« 3 jets with p > 30 GeV
* 1 tagged b-jet

. Ht (scalar sum of all visible Et,s) <230 GeV

« M(bb) in a window of 20 GeV around MW

Di-leptonic topology

Fraction of events
o =
& ~
I I LB

03 e

0.2

0.1f

—yp—> Wit
Tp—tt

6
NJ'H

Semi-leptonic topology

Di-leptonic topology

£ 03[,
% R —yp—-> Wit
E = Yp—tt
:Eo‘zs__ ........ ’Y p — WJJJ
£r
02—
I L | 1 Il |
80 100 120
Pt [GeV]

- 2 isolated leptons with p > 20 GeV

« 1 jet with p > 30 GeV

* jet tagged as b-jet

« Missing E > 20 GeV

verine Ovvn

16




Single top photoproduction

UCL
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Y p processes
Experimental
vp -> WHq’
Single Top

Introduction

Wit-channel

Anomalous top
Summary

08/03/2008

G uncertainty : semi-leptonic topology

* Cross sections after analysis cuts

vp backgrounds

pp backgrounds

Wt | tt(dl) @l  W3j Wbbj | tt(1l)

tt(2l) W+jets Wbbj f{j

c [fb]

o

acc

440.6 |671.75 159.08 2792.97 55.22 328025 77680 3261000 266587 67005

735 1339 063 0.79 0.04 |8.3

1.76 9.65 2.73 0.56

e Uncertainties after 10 fb*

Source Uncertainty Aas  (semi-lept)
Statistical uncertainty - 25.5%
Integrated luminosity 5% 10.5%
Theoretical uncertainty - 90.7%

Jet energy Scale 5% (20 GeV) 23.4%

3% (50 GeV)

b-tagging efficiency 5% 24.0%
Total systematic uncertainty 34.9%

* This result can be improved (e.g. : tagging, exclusivity,...)

» More efficient suppression of pp backgrounds is mandatory!

HLPW 2008 - Séverine Ovvn
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Single top photoproduction

o uncertainty di-leptonic topology

* Cross sections after analysis cuts

vp bkg pp bkg

Wit tt

WWgG |t WW

UCL o [fb] 10433 159.1

S.Ovyn o} 5.8 1.97

acc

Y P processes * Uncertainties after 10 fb™

62.5 |77680 5234
0.12 2.55 0.23

Uncertainty Ao (di-lept)

Experimental Source

vp -> WH(’ Statistical uncertainty - 17.6%
_ Integrated luminosity 5% 5.7%
Single Top Theoretical uncertainty - 2.75%
Introduction Jet Energy Scale 5% (20 GeV) 10.7%
3% (50 GeV)
Anomalous fo Btagging efficiency 5% 9.1%
g Total systematic uncertainty 14.3%
Summary
Uncertainty on |V | : 12.1%
mm) di-leptonic topology is competitive !
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Single top photoproduction

Anomalous top production

Effective Lagrangian for anomalous coupling :

o uv qv - Uu v qv
UCL L=ie t ktqu”—Fiett ktcycA”+h.c.
A A
S.Ovyn o _
« Current limit obtained by Zeus : ktuy ~0.14
Y p processes » At HERA only u-quark relevant, at LHC also c-quark contributes

Experimental o 1 o K Results after acceptance cuts

P -> WHq’ - O_pp—>t — X u tuy X c Icy (ktuy = O'l’ktcy = O)

Single Top o Oy =05 SMycroung Topology IET b
Introduction F ' i ., mis
Wit-channel - 7777 Sop ™17 S Wbackground c t[fb] 3680

Summary x Irreducible backgrounds (Wj, Wc)

5 6 bkg 198.1
L \\ acc
0.05:— Y
- . Limit on ktUY could be significantly
o improved even at start-up
‘(‘.'l‘ - b.bSl - |0|.1‘ - ‘(}.“ISI - |0.|2‘ - b.‘25| - |0ﬁ3‘ IuminOSity '
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Summary

Summary - outlook

 High energy 1vp interactions have significant cross section at the LHC

UCL «vp -> WHq' (100 fb') events only sensitive for 2 topologies : vbb and jjI*I*
S.Ovyn » Analysis are ongoing for those 2 cases, using analysis cuts.
v P ProCesses « Wt-channel (10 fb') seems very promising
Experimental _ _ S _
, « For the di-leptonic topology, |V | uncertainty is similar to the one obtained
vp -> WHq tb
Single TOp using pp_>Wt
4 » The sensitivity at reconstructed level has to be evaluated

* For the semi-leptonic topology, one needs to tackle pp backgrounds

« Anomalous top (1 fb™*) can also be probed using very low integrated

luminosity

Louvain Photon
group
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Backup slides

o 0.5
= = ; r ¥ p — Wt semi-leptonic
‘; : v p — Wt semi-leptonic _'; _
;0.05 — % i gamma p — tt semi-leptonic
[1} L gamma p — tt semi-leptonic E— ~
2 [ S 0.4
© - . .
= | wvsieenes gamma p — Wijj semi-leptonic !6 - p—mmmmrtl s gamma p — Wijjj semi-leptonic
U C L 5 L Z L e
Z0.04— -
i 0.3
S.Ovyn 0.030 _
C 0.2
0.02 -
B 0.1—
0.01— B
o_llll; ..... lIII|IIII|IIII|II| Bl g o_IIII|||||||||||||||||||""|||||IIII
0 100 200 300 400 500 600 0 1 2 3 4 5 6 7 8
HT [GeV] N

jett

Theoretical errors
single top events : 6%
tt events : 5%

Wijjj events : 3%

Wbbj events : 17%
WW;j : 6%
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Semi-leptonic topology

UCL
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~p backgrounds pp backgrounds
Wt | t7(1€) t#(20) W3j Whbbj | tj. tt(16) tt(2¢) Wjets Whbb]
E tem 309 489 131 2301 536 1095 291 28508 3901
Nigpt =1 146.7 | 229 64.0 1111 229 | 261 474 1488 13347 1661
Njer =3 376 | 954 136 66.1 1.58 | 14.0 188 35.9 851 55.5
HT sum 220 | 182 382 17.7 032 | 536 471 11.9 3434 2222
b-tagging 9.05 8 1.78 214 0.5 | 221 207 553 298 9.5
RecW 735 | 339  0.63  0.79 0.04 | 056 8.3 1.76  9.65 2.73
Expected for 10/th 73 34 6 8 negl. 1 83 18 96 27
sample selected Ao JES ANp_i4g || ANpum ANga
S: Wt 73 4.38 3.72 3.65 3.65 8.5
& | B: (1) 33 165 151  1.65 1.65 5.7
S | B: #7(21) 6 03 037 03 0.3 2.4
~ | B: Wjjj 8 024 0 0.4 0.4 2.8
< | B: Whbbj 0 0 0.03 0. 0 0
B: tt(11) 83 415 198  4.15 115 9.1
& | B:17(20) 18 0.9 2.1 0.9 0.9 4.2
O | B: Wjets 96 2.88 5.41 4.8 4.8 9.79
g B: tj 6 0.36  0.29 0.3 0.3 2.4
= | B: Wbbj 27 4.59 1.65 1.35 1.35 5.2

HLPW 2008 - Séverine Ovvn
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di-leptonic topology

~p backgrounds pp backgrounds
Wt | t8(20) WW(2() WW(1/() | tt(2/) WW(20)
E.Hem 9.0 | 130.6 58.0 222.8 291 105.9
Niept = 2 21.3 | 31.6 14.7 0.01 57.9 22.3
Njet = 1 15.8 | 5.2 4.4 0.01 7.17 8.36
UCL b — tagged 6.37 | 2.1 0.13 0.00 2.71 0.27
EL. 5.84 | 1.97 0.12 0.00 2.55 0.23
S.Ovyn Expected in 10 fo-! 58 20 1 0 25 2
sample selected Ao  JES ANp_tug || ANLum ANgtar
S: Wt o8 3.48 0.5 2.9 2.9 7.6
~ | B: tt(2]) 20 1 1.06 1 1 4.5
“ | B: Wwj (21) 1 0.06 0.01 0.0 0.05
~ [ B: tt(2]) 25 1.25 439  1.25 1.25 5
= B:WWj(2)) 226 014 027 0.1 0.11 1.5
AN, - 1.6 5.73 2.41 1.55 -
2
A‘th‘_lA‘th‘ _l Agobs@AO_th]
2
‘Vﬂ? 2 |th 2 o o
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Fast simulation of a LHC-like detector

Longitudal view of the detector

— =0.05
P, Deétecteur a muons
% _ 13 50,06
E JE
g, _27 I 2 g0.058 HCAL
3 —JE@D 13 F JE
N=24 \ | FCOAL
1-=16 [
VE Traceur
n=s n3
. =_ln(m %] 0y _0.05 025 0 hoss| For clectrons and
E _J_ photons

HLPW 2008 - Séverine Ovvn 24




