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Introduction to photon-proton processes

LHC : a new HERA collider!

Photoproduction is traditionally studied at e-p colliders

pp (ya/g »> XY) p

S.0vyn * yp events can also be tagged at the LHC
mm) e.g. Using Large Rapidity Gaps (LRG)
Experimental * Higher luminosity than yy events
vp -> WHQ’ Ga
| P~ Probe electroweak sector up to/beyond
Single Top 2 TeV |

Summary

Using EPA

- :f O-yq/g(W yq/g)f

ppP

(x)f  (x,, )dxdx

% qlg

A

where W2 —4E X X,

Yqlg
BUT pp events are more dangerous backgrounds than in yy interactions!
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VP processes
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YP Cross sections

* Large variety of processes

* Significant cross sections up
to2 TeV

e.g.

4 t

1.5 pb

3

* Alternative way to pp interactions 10

Obtained using MadGraph/MadEvent

2 L —yp—>Wij Yp—WZq'
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—v9p-WI Yp—>WHg/(m =115GeV)
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to study T T T T T
1. Higgs search I i~
1 Y~ —_
2. Top physics (e.g. |V - jmuds,cg .
P phy ( g | tbl) - p() >10 GeV, n <5, AR>0.3 -
3-New phenomena up to 2 TeV 10.1_1 I?thl)lillc?el\l/| [ I [ 11 | [ I [ 11 | | 11 I [ 11 | [ I
0 200 400 600 800 1000 1200 1400 1600 1800 2000
* Very good S/B expected @, [GeV]
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Monte Carlo production

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

~» PYTHIA » FastSim
U C L Ca|chep Detector simulation of a LHC-like
Showering detector :
S.Ovyn G i Hadronization - infinitely good granular resolution
eneration Fragmentation,... - finite E resolution depending on 1
Yp processes
Objects reconstruction
vp -> WHQ'
d
Single Top Leptons : [n| < 2.5, p_ > 10 GeV Hiuon coredtor
Summary
Jets : reconstructed in a cone \ HCAL
R =0.7 for |n| < 3, p. > 20 Gev  7-24
. =25 \ ECAL
b-tagging : for [n| < 2.5 T —
- tagging efficiency : 40%, n-st 2 70

- mistagging of 1% for j=u,d,5,9 ~ Qpservability of photo-induced processes
- mistagging of 10% for j=c. is determined using acceptance cuts with
these thresholds
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Experimental aspects
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Detection and tagging

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

]

iy

o
S

Fraction of events [%

e T T
-1

* Small event pile-up

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

* For example, forward energy
flows (into 3<|n|<5) in one of the

two hemispheres less than 50 GeV

L1 | | LI 1 | | | | L1 1 I 1 11 I 1 11 I 1 11 I 111 I 1 11 | 1 1|
0 20 40 60 80 100 120 140 160 180 200
Cut on the energy measured in forward calorimeters [GeV]

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™
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Associated WH photoproduction

Associated WH production

Obtained using MadGraph/MadEvent

~y w7 §25
w 24\""‘*—..._‘
w T 23 \
22 o=
UCL q g 4 q' 21 \‘\_
N
. . 20 .
S.Ovyn * Associated production of WH has o
Significant cross section at LHC ! 19115 120 125 130 135 140 145 150
YP processes _ _ Higgs mass [GeV]
* tt less overwhelming than in pp case!
Experimental MHzljiGeV M =170 GeV
S Five topologies where studied  Topology lvbb Il jit. M i
ingle Top ’
. - WH = Ivbb, |=e,p,z, ¢ WHq’ [fb] 5.42 0.14 0.52 0.55 1.17
Ay - WH »>Wrt't = jjI'l, |=e,,
- WH >Wrt't > jjI't, I=e,p Oacc 0.11 0.01 0.04 0.07 0.23
h’ ) b
- WH »>WW*W > lll,I=e,,, Irreducible backgrounds (tt, Wt, Wzq', WWW, WIlq' Wbbq’)
- WH >WW*W' > jji*I*,|=e,y,5. o, bkg 3.21 286 8.26 1.44 0.30
Results after application of acceptance cuts
* Very small statisticc = not a discovery channel
* Interesting sensitivity for 2 topologies : lvbb and jjI*I*
* For analysis, more specified cuts can be applied.
08/07/07 PHOTON 2007 - Séverine Ovvn 6




Single top photoproduction

The LHC is a Top factory!

Y J |7 Wl
S.Ovyn
q _] b t P
YP processes
_ t-channel Wt-channel Anomalous top
Experimental

vp -> WH(Q’
Single Top Physics highlights

: pp TP

Wichannel « Wt and t-channel related to V Wt-channel |~ 60 pb ~ 1pb

Anomalous top * Sensitivity to new physics : FCNC t-channel ~245pb ~6.21b

Summary

pp VS yp Cross sections

* Possibility to study top properties Wijj ~35nb 8.7 pb
(mass, charge,...) tt ~720pb 1.5pb

* Wt-channel : more favorable background condition than pp case gw ~ 0.7

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

Typical analysis cuts \ Semi-leptonic topology
g 0.3;,“
. . 5 —yp—>Wt
Semi-leptonic topology S - vpott
20.25—
= I Y P — Wij
« lisolated lepton with p > 20 GeV &
0.2—
UCL « 3 jets with p > 30 GeV -
_ 0.15—
S.Ovyn * 1 tagged b-jet -
. 0.1
B R «H (scalar sum of all visible Et,s) <230 GeV .
Experimental e M(bb) in a window of 20 GeV around Mt 0.05
vp -> WHq’ | ! |
. e
Single Top . . ° =5
Di-leptonic topology i
Introduction

—vyp—> Wt

Ypott Di-leptonic topology

Wt-channel

Anomalous top

e 2 isolated leptons with p > 20 GeV

o < ¢
a
TT { 11T =T TT LI

Fraction of events
o o
) N
[ [
=2
©
d
=
=

Summary
04 * 1 jetwith p > 30 GeV

0.3—

* jet tagged as b-jet
e Missing E > 20 GeV

02—

04—
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Single top photoproduction

G uncertainty : semi-leptonic topology

* Cross sections after analysis cuts
vp backgrounds pp backgrounds

UCL Wt | tt(ll) w@)) W3] Wbbj () tt(2l) W-+jets Wbbj {

<o o [fb] 1 440.6 671.75 159.08 2792.97 55.22 328025 77680 3261000 266587 67005
.Ovyn

c 735 | 339 063 0.79 0.04 83 1.76 9.65 2.73 0.56

acc

YP processes

Experimental * Uncertainties after 10 fb™

w > WHq Source Uncertainty Ac/o (semi-lept)

Single Top Statistical uncertainty - 25.5%
Introduction Integrated luminosity 5% 10.5%

Theoretical uncertainty - 9.7%

Jet energy Scale 5% (20 GeV) 23.4%
Anomalous top 3% (50 GeV)

b-tagging efficiency 5% 24.0%

Summar
! Total systematic uncertainty 34.9%

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

* More efficient suppression of pp backgrounds is mandatory!
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Single top photoproduction

o uncertainty di-leptonic topology

* Cross sections after analysis cuts

Yp bkg pp bkg
Wt t  WWq ot WWj
UCL o [fb]  104.33  159.1 62.5 | 77680 5234
S.Ovyn c.. 5.8 1.97 0.12 2.55 0.23
Yp processes * Uncertainties after 10 fb™
Experimental Source Uncertainty  Aoc/o(di-lept)
v -> WHQ' Statistical uncertainty - 17.6%
_ Integrated luminosity 5% 5.7%
Single Top Theoretical uncertainty - 2.75%
Introduction Jet Energy Scale 5% (20 GeV) 10.7%
00 GeV)
Btagging efficiency 5% 9.1%
Anomalous top Total systematic uncertainty 14.3%
Summary

Uncertainty on thbI :12.1%

mm) di-leptonic topology is competitive !
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Single top photoproduction

Anomalous top production J. de Favereau

Effective Lagrangian for anomalous coupling :

A\ % A%

—0 .4 —0 . .94
UCL L=ie t 2 k uA"+iet 2 k cA"+h.c.
A tuy t A fcy

o Current limit obtained by Zeus : ktuy ~0.18

S.Ovyn

TP ProCcesses * At HERA only u-quark relevant, at LHC also c-quark contribute

Experimental

_ 2 2 Results after acceptance cuts
P -> WHCI’ - O-pp—>t_0( uktu y+0( cktcy (ktu = O'l’ktc = 0)
Y Y
i I T 0 =05 SM dckgroun:
SI:’IQ ed OI? . 02 pp—s t background Topology |ETmiSb
ntroduction : L _
x L i Gpp—> 1_1 0 SMbackground ot [fb] 3680
Wit-channel L
0451 —— G =2.0 SMyciroung c.. 123.8
 —
Summary 0.1:_* Irreducible backgrounds (Wj, Wc)
i B o, bkg 198.1
0.05:— \\\
- \ Limiton k could be significantly
o improved even at very low
[ | \ | \ \

T X R X T 7 - 'oig luminosity !
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Summary
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Summary - outlook

* High energy 7p interactions have significant cross section at the LHC

*vp -> WHq' (100 fb*) events only sensitive for 2 topologies : Ivbb and jjI*I*

* Analysis are ongoing for those 2 cases, using analysis cuts.

* Wt-channel (10 fb'') seems very promising

« For the di-leptonic topology, |V, | uncertainty is similar to the one obtained

using pp->Wt
* 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

J.de Favereau, V. Lemaitre, Y. Liu, S. Ovyn, T. Pierzchala,
K. Piotrzkowski, X. Rouby, N.Schul, M. Vander Donckt
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Backup slides

o 0.5
= = ; r ¥ p — Wt semi-leptonic
‘; : vp — Wt semi-leptonic _'; B
;0_05 [ % B gamma p — tt semi-leptonic
[ 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
5 L R
Z0.04— -
i 0.3—
0.03— L
B 0.2
0.02 -
B 0.1—
0.01— L
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

08/07/07

~p backgrounds pp backgrounds
Wt | tt(1€) t#(20) W33 Whbbj | tj. tt(16) tt(2¢) Wijets Whb]
Ertem 309 489 131 2301 536 1095 291 28508 3901
Nigpt =1 146.7 | 229 64.0 1111 22,9 | 261 474 1488 13347 1661
Njet =3 37.6 | 954 13.6  66.1 1.58 | 14.0 188 35.9 851 55.5
HT sum 220 | 182 382 17.7 032 | 536 47.1 11.9 3434 2222
b-tagging 9.05 8 1.78 214 0.5 | 221 20.7 553 29.8 9.5
RecW 735 | 339  0.63 079 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 8.9
& | 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: Wbbj 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 1.2
© | B: WHjets 96 2.88 541 4.8 4.8 9.79
g B: t] § 0.36 0.29 0.3 0.3 2.4
= | B: Wbbj 27 4.59 1.65 1.35 1.35 5.2
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di-leptonic topology

~p backgrounds pp backgrounds
Wt | tt(20) WW(2() WW(1/0) | tt(2¢() WW(2/)
E-Hem 89.0 | 130.6 58.0 222.8 291 105.9
Niept = 2 21.3 | 31.6 14.7 0.01 57.9 22.3
Nijet =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
Expected in 10 fo-! 58 20 1 0 25 2
sample selected Ao  JES ANp_tug || ANLum ANgtar
S: Wt 58 3.48 0.5 2.9 2.9 7.6
o, | B:tt(21) 20 1 1.06 1 1 4.5
| B: WWj (21) 1 006 001 005 0.05
o, | B: tt(21) 25 1.25 4.39 1.25 1.25 5
= | B: WWj (21) 2.26 0.14 0.27 0.11 0.11 1.5
ANy - 1.6 5.73 2.41 1.55 -
2
A ‘th‘ L 1 A ‘th‘ L 1 Ao obs Ao th
vl 2v]? 2 N
‘ tb‘ ‘th‘ g 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
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