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Overview

 v-induced physics at LHC
e Tagging photon interactions
e Transport simulation and

reconstruction
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Photon-induced physics

LHC — also a photon-photon and

photon-proton collider

Y Y — interactions

B

Y p — Interactions
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Photon-induced physics

Colorless exchange . ’

X. Rouby

Photon physics

Tagging
Hector

 Leading proton scattered

(in)elastically

Reconstruction

Misalignment

e Low activity in a large
pseudorapidity region of
the detector
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V. M. Budnev et al., Phys. Rept. 15 (1974) 181.

Photon induced interactions

vy collisions at the LHC (14 TeV)
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Photon physics
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Fwd p detection
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J. de Favereau et al, CP3-08-04

Photon induced interactions

vy collisions at the LHC (14 TeV)

P Hxh‘“’i g Equivalent Photon Approximation
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VFD : Very Forward Detectors

(TOtem RP, FP 420) Low x 2008 -- Kolympari 6



U C L - - J. de Faverea.u et al, CP3-08-04
== Photon induced Interactions

Y Y and 'y p collisions at the LHC (14 TeV)
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J. de Favereau et al, CP3-08-04

Photon induced interactions
@ v v collision at the LHC (14 TeV)

Cross sections for pp — ppX ”

Process Tprod (fh)
X. Rouby vy — T 74.7  x10% pp > 2.5 GeV
vy — eTe” 104  x10* pr > 5.5 Gel
Photon physics vy — WTW— 108.5 -
LHC /CMS Yy — f f__ 1.064 my¢ = 100 GeV
_ Yy — f f- 0.680 m i 0 GeV
FUE [P CEiEEEh vy — H — bb  0.154 my = 120 GeV
Excl. dileptons VY — T ~5 x10% m,, = 1000 GeV

Upsilon
* Exclusive dileptons: large ¢

w W W coupling accessible
« SUSY, ...

Tagging necessary to
reject the large pp
backgrounds
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Photon physics
LHC /CMS

Fwd p detection
Excl. dileptons
Upsilon
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J. de Favereau et al, CP3-08-04

Photon induced interactions

@ v p collision at the LHC (14 TeV)

Cross sections for pp — pX

Process O proa (ID) R

vqg — WH¢ 23.0 mg = 115 GeV

vyqg — WH¢' 17.5 myg = 170 GeV

vqlg —» WX > 90 - T
vg — t 1.54 - !

g — Wt 1.01 A

g — (368 k2, + 122 k2..) x 103 ' w
* Higher luminosities thany K

« Large variety of processes y ;

* Significant cross-sections up to 2 TeV

W

 Alternative way to pp

Interactions to study

Higgs, top physics, new physics ¢ , =l
 Large survival probability factor



Photon interaction tagging

* Large Rapidity Gap

X. Rouby - large detector region devoid of particles

Photon physics
LHC /CMS
Fwd p detection

» Forward proton measurement

- Using dedicated instruments (RP220, FP420)

- Using a proper simulation of the proton
transport in the LHC beamline and a proper
reconstruction of the proton variables, from the
VFD measurement

Excl. dileptons

Upsilon

Depending on the luminosity
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S. Ovyn, 0806.1157 [hep-ph

Tagging y-interactions

1) Large Rapidity Gaps in forward region
of the central detector

X. Rouby

e I ke 54 e.g. Yp - interactions
Photon physics 2 T ?/,ﬁ : .
Tagging %5 a) choose the « photon-side »
- Rapidity gaps . f . minimum of energy in both
- p taggers af o Jf
Hector {_ kf/ff’/ﬁ fwd calos
Reconstruction -35. FCal | | g/ FCal .E _
Misalignment « -+ = i 7 = ) cut onthe maximum allowed

Empty hemisphere

value for this energy
For no pile-up conditions

Rapgap: region devoid of particles
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X.R., 0806.4941 [hep

Tagging y-interactions

2) Using very forward proton taggers

rp RP
CMS / ATLAS 2o0m 420m
X. Rouby P ”
' / ﬂ — P
Photon physics H 3
Tagging TTAN AN i beam
idi 1 f 2mm 4mm
- Rapidity gaps — “ /
- p taggers “
Hector RP 22R(I)D /
Reconstruction 420m m
Misalignment _ -
a) The proton Is scattered elastically NEEcl T A
b) It escapes from the central detector realistic

, , simulation of the
with the beam, but with lower energy | proton path in

c) Itis seen by very forward detectors the beamline

Suitable with pile-up events
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Photon physics
Tagging
Hector
Reconstruction

Misalignment
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X.R. et al., JINST 2 PO9005

Proton transport simulation

Relation between proton E___and its path in beamline ?

Requirements for near-beam very forward detectors ?

Reconstruction of photon kinematics ?

Relative number
2 =2
[=:] L= ]

=
S

=
ha

FP420 acceptance,

=
LI

4 mm from the beam :
.01 ced 20 GeV < tagged photon E < 110 GeV

i HECTOR, a fast simulator for
the transport of particles in
beamlines

JINST 2 P09005,
arXiv:0707.1198v2 [physics.acc-ph]
X. Rouby, J. de Favereau, K. Piotrzkowski

40 60 80 100 120 140
E,., (GeV)
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X.R. et al., JINST 2 PO9005

Detector characterisation

Energy loss is the
key variable !

=

Detector acceptance

Acceptance of roman pots at 420m (4000 yum) for beam 1

X. Rouby & 140 —
Photc-)n physics u.lE 120 :_ ) -
Tagging S I _____--~——25%"’ ] i~y
Hector 100 __ - T504. 0
- implementation _ T
- validation 80— / / / / / / /
- forward det's -
Reconstruction 60— 100% acceptance
Misalignment "
40— /
Eﬂ__-’- ———————————————————————————————— __,_.___'_‘_'I__
u B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 | 1 | 1 | 1 1 | | 1 1 1 I 1
'3 2.5 ) 1.5 -1 0.5 0 0.5

Momentum transfert log_ (t)
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X.R. et al., JINST 2 PO9005

Chromaticity grid

Given a measured position/angle at RP, what was the

proton energy/angle at IP?

X. Rouby Forward detectors at 220m from IP5

2= | 1) Choose a proton, with
{1un,{?}_.__§_ // /i“ M;{muu,u;

!".."'f.//. ool S s

a given energy loss

Photon physics

Tagging
Hector

8., (urad)

-50

and initial angle

Reconstruction

- chrom. grids
-100

II|IIIIJ-IIII]IIII
=
’
!
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1
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[3
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1

- principles

S Sy e S S N — 2) Propagate it to your 2

. IRL N
- resolutions [(100,500)
Lo

(Eneray.0) Ffoman pOtS

L asol L L T N o .
Mlsallgnment ey, jx"?’ Iso-energy (GeV)

: "r///f’ : -E--- Iso-angleg[llrad} 3) Measure X, XI

200 s
200

. T T
X, (mm)

[100 ; 1000] GeV = Remember the detector acceptance !
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X.R. et al., JINST 2 PO9005

Reconstruction

Xg = AgXo + bf.'-xE} + dsE

f : Too many unknowns !
Xﬁ, — asxo + ﬁlg.x['} + ’}/{'}E

X. Rouby

Photon physics

Tagging
Hector

Goal: reconstructing photon E and Q2
from the forward detector measurement

Reconstruction

(el s Resolution on reconstructed energy:

- principles

- resolutions 2 .2 2 2 2
O = Oy + Oy + meg + Oet

A

Misalignment

Beam E Vertex Detector
dispersion spread resolution
(position)
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X.R. et al., JINST 2 PO9005

Reconstruction

Forward detectors at
420m + 428m

5 E (GeV)

X. Rouby

Energy Resolution

P,~\Q’

e f s s s s s Es s s s E s pEE s G S EEEEE S S EEE s EEEEEEREEEEEEEEEEEE A

Photon physics

Tagging
Hector

Reconstruction

- chrom. grids

- principles

- resolutions

o 8 E (GeV)
|

n
T T TTT [T

Misalignment

ST R T A S & 30 um
P E=50GeV | gigum

-l lllli|ll.ill'lilll|illllillllilll.illl.illllil
01 02 03 04 05 06 07 08 09 1
Py (GeV)
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X. Rouby

Photon physics
Tagging

Hector
Reconstruction
Misalignment
- description

- missing mass
- dimuons

- missing mass(2)

09/07/2008

X.R. et al., JINST 2 PO9005

I\/Ilsallgnment of the beamline
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u .9 S

~1.08
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45nnpari

E =100 GeV

loss

Assumes :
iIdeal beamline BUT 1
displaced quadrupole

5 mm

Impact on
reconstructed
energy

Also assumes :
perfect knowledge
5mm of beamline position
at 420m
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Exclusive dimuons

» % - ARANRARRNRAREN
5 102 —— all dimuons <
¥ /— Z\ - .
© N tag at 420m -
X. Roub + 2
aley 7 ¢ 10 £ W tag at 220m =
Photon physics . . E E
Tagging _ _ - .
Hector 1) Measuring both muons in : ]
Reconstruction central detector o.is = 7 pb i
Misalignment 10‘15—
-deseription = 9)  Tagging at least one proton |
- missing mass bl

i 10
- dimuons _ _ 0 20 40 80 30 10
missing mass() 3) ENErgy reconstruction with

very good resolution

Most of the selected exclusive muon pairs have
a proton within forward detector acceptance !
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Photon physics
Tagging

Hector
Reconstruction
Misalignment
- description

- missing mass
- dimuons

- missing mass(2)
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X.R. et al., JINST 2 PO9005

Misalignment of the beamline
pp(yy — H)pp

10

100 105

110 115 120
Reconstructed Higgs Mass (GeV)

Missing mass
- (Generator level
1 Misaligned quadrupole

+ perfect knowledge of
beam position at 420m

Using dimuon data for
FP420 calibration

No more bias

Calibration based here
on 700 dimuon events
(100pb™)

Low x 2008 -- Kolympari 20
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Summary and conclusions

Very rich and promising programme for
photon physics at the LHC

e yyandyp

Tagging photon physics relies on:
e Using rapidity gaps
e Using forward proton taggers

The impact of beamline misalignment

requires a calibration of forward detectors
with events like exclusive dimuons

Low x 2008 -- Kolympari
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Back-up slides
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Equivalent Photon Approximation

Photon flux:

AT - d(gz dE"‘ Eﬁf (2:311111 Eg =
e gy 2 40BN B

1
Tpp(yp— X )pY = / ) dx f‘}(T) g*_rp—‘ﬁ'(ﬂ:) y (J-J-T)
¥ Smin/ S

l[:2[2&] L2
with f., = / dN (E,Q*)dQ*.

( 2
min

ﬁ T dLF:"F:f' T 1 1¢
Tpp(yy—X)pp = v - a dW Oyy—x (W), (1.19)
1 ;
with UL :/ oW () 1, W?\ dx
aw  Jway, £8 o I3

V. M. Budnev, I. F. Ginzburg, G. V. Meledin and V. G. Serbo,
05/07/2008 Equivalent Photon Approximatior, 2P yskeeperil5 (1974) 181. 24



UCL

sité catholigue de Lo

HECTOR: implementation

o0 e TR, SRR L e || A |
£ : : E [ : 5
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Er I S-Dipole z Tk =m= S-Dipole
2 C 5 5 B V-Cuadrupole to p .g C : : BN V-Quadrupole
E- u__ Ss ..................... —m H_Quadmpole .. a g r ______________________ _____________________ —m— H-Quadrupole
% Roub e [ : : =m= H-Kicker -E - : : EEE HKicker
o - - V-Kicker = r - v-Kicker
. Ou y g -5“ :_ ............................................................... _._ RCollimamr g _su :_ ................................................................... _._ RCO”imath
o - | | i _100__1| ........ T . M E ]
Photon physics 200 300 400 ) 300
Tagging .~ CMS(P5) ATLAS (IPl)
E ‘[ : T F -
Hector E [ : E F
. ) > A T T [T T T R S S > e
- implementation 3 _ F
> T = -
- validation 8 e Slde g 0
0 ] -
1 E ol | IS R R R E :
- m -
forward det's 3 § 5S¢
Reconstruction o
Misalignment

Horizontal crossing plane Vertical crossing plane
Input Needed:

« effective field strength / length

 magnet position / aperture
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UCL
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Forward detectors around IP5
TRACKING || N\ “ *

|-\.

Totem T1 —
X. Rouby \1.__
Photon physics ) L L :
Y
Hector <T—Iannerrmg - s-D.'Ezle
- implementation : : . | Ml v-Quadrupole
g .--| i~ H-Quadrupole |-
_ o a0 : : = H-Kicker
validation ZbC s B e G outer g S |
_ - - H : ! == FCollimator
applications i T
Edgeless det. " 1 (o

Excl. dileptons

FP420
TRACKING

i
7

&
CALORIMETRY
neutrals . LILL LIS
CASTOR: TRACKING e N
(*) First one installed in 2008 4 Tneters T
09/07/2008 Second one in 2009 if funded 0 [ CERN/ LHCC 2004- 002] 8 26



UCL

sité catholigue de Lo

Exclusive dimuons

JJ Hollar, S Ovyn, X Rouby
CMS PAS DIF-07-001

- PTPTTTTprrTTyT TprTrTTyTTT .
ok e 1 Overall selection
X.Rouby  goof B e oo *p, and A¢ balance
- Singly inelasticy y - w0~ 7 . .
Photon physics | 500F E * calorimetric and
Hector 4005 E tracking exclusivities
Edgeless det. 3005 ]
Excl. dileptons -
_ 200 =
- dimuons 1005_ CMS preliminary ] « Inelastic » = one proton dissociates
- dielectrons - : « with veto » = dissociation product
- upsilon 0" 10 20 30 40 50 60 70 80 90100 seen by one of the forward detectors
m (U u)

*'“""Tf:h;r,ﬂitic:('-:’m.': — {4 | L j =709 + QT('H'”'E'}
Ninetastie(yy — p " p~) = 636 + 25(stat) + 121(model)

N2V (yy — ptpT) = 223 £ 15(stat) + 42(model)

“Tinelastic

For an integrated luminosity L=100 pb™, without pile-up
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U C L X.R. etal., JINST 2 PO9005
Reconstruction

Forward detectors at

Pt :'0_5 GeV
3 ? : : 420m + 428m

X. Rouby 0.3

PT Resolution

Photon physics 0.25
Tagging

Il Il Il : Il Il Il : Il Il Il i Il Il [ Il Il l.- I )
Hector 20 40 60 80 100 120 5
Reconstruction E (GeV) P~ Q
: : : : : : : : . : t

- chrom. grids

- principles ]
Detector resolution

- resolutions

Misalignment

% 30 um
@ 5um
@ perfect

0.15

01 02 03 04 05 06 0.7 08 09 1
P, (GeV)
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X.R. et al., JINST 2 PO9005

Misalignment of the beamline
pp(yy — H)pp

aF Missing mass
£ - From protons
@ only! = Generator Level
X. Rouby 10° =
o . = — Bare transport with ideal
oton physics — — ]
Tagging - | _L beamline
Hector 102 | : ; | _ _
Reconstruction = / } 7 1 Misaligned quadrupole
Misalignment B ; |_ MQXA1R5 by 0.5mm
- description ~ ///; / |
_missing mass 10 = o L — 1 Misaligned quadrupole
- dimuons = f g | + perfect knowledge of
- missing mass(2) - W | beam position at 420m
A
A
1= v 4% /% B  Clear bias
SN 21 (277 Zam) . Visible beamline

Reconstructed Higgs Mass (GeV)
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