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The LHC accelerator
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LHC : Large Hadron Collider

Goal: study the structure of
matter with particles colliding

at very high energies

CERN — Geneve (Suisse)

21/11/2008 Xavier Rouby - IPHC Strasbourg 4



Large Hadron Collider

- 100 m underground
- 27 km circumference

- 2 proton beams

POINT 5

- 7 TeV per beam
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Large Hadron Collider

- 2835 x 2835 bunches
- 10! protons per bunch

- 40 000 000 beam crossings per LLady, siady,

second Proton
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The CMS experiment
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The CMS experiment

Central detector

Generic experiment for the

study of Physics within and

H D - beyond the Standard Model
21 m long b '
15 m high o ) ,‘f,” _ (Higgs, SUSY, ...
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The CMS experiment

The central detector is composed by several layers, for the

identification and the measurement of the particles.
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CMS: forward detectors

Some final state particles are emitted Tracking: -25<1<2.5
or are scattered with a very small Calorimeters: -5<1 <5
angle Wlth reSpeCt to the . I HUDMCHM:‘FET_TE' |INNEH}HACKER| | ::nvs;.f.L =

| HCAL |

beam direction.

[ VERY FORWARD
| CALORIMETER
I—."_

.

ey e
PR ll

These can
escape from CMS ———
by the beampipe
without being

detected.
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CMS: forward detectors

Some final state particles are emitted :
Charged patrticles

or are scattered with a very small 5 o- I I
: z
angle with respect to the T 8¢ | |
. . 6
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Hadronic CMS Hadronic

Forward (HF) Forwc;gdU(Hr}: 50
0 <yl <5.

(3.0 <|n| £5.0)
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n=—1In (tan g) CASTOR, ZDC : Calorimeters
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CMS: forward detectors

CALORIMETRY

TRACKING "E10 P
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Processes
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Collisions at the LHC

Protons are not elementary particles and
they will mainly interact with the

strong force

This leads to a lot of particle observed

In the final state

However, if protons interact through the exchange of one or several
photons, there Is a significant probability that they stay intact and

survive from the coIIision./
P

NN~ NNN P

—
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Photon exchanges

Direct consequence:

 The observed final state contains far less particles.

Cleaner final state!

At least one protons is scattered in the forward region with a very small angle

CMS v
Proton-proton interaction

|:|4.--"

NMNAAXENNN

J

HD;

CMS

Photon-photon interaction

=) The detection of the forward proton(s) allows to tag the photon
Interactions from the usual proton-proton collision.
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pairs of muons
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Exclusive muon pairs

Work with S. Ovyn et J. J. Hollar
J. Hollar, S. Ovyn, X. Rouby, CMS AN-2007/032

The incoming protons interact via p

two photons. The photon-photon

fusion yields a u"u pair.

Due to the photon emission,, the protons are elastically scattered,
with a tiny angle with respect to the beam direction.

-
/ e Muons: measured by CMS.
‘-_—____—___‘—'——__ .
p -1 P « Protons: seen in the forward
/ detectors.
nt
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Exclusive muon pairs

Motivations:

* Theoretically well known process. (<1% on o)

» Easy selection; few processes have P

a similar signature.

e CMS Is made for muon measurement p

e Observing such muon pairs allow to measure the integrated
luminosity (L) provided by the LHC to CMS, which is crucial to

compare predictions (o) to data (N):

N=Lo
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Equivalent Photon Approximation

The incoming proton beam can be seen

P
as an flux of photon

LHC as a photon collider!

P

EPA: Equivalent Photon Approximation

Collision (pp) = collision (y v ) x flux (y ) x flux_(y )
do,, = 0y (21, 2,8) AN (27. Qf) dN (a2, Qﬁ}

V. M. Budnev et al, Phys. Rept. 15 (1974) 181.
The EPA approximation allows to factorize

the photon emission from the collision process
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Exclusive muon pairs

Muon p_

Total cross section (LPAIR):
1.47 x 10° fb — no cut
74.7x10°fb —p_> 2.5 GeV: elastic case:

the protons remain intact
76.2 x 10°fb —p_> 2.5 GeV: inelastic case:

one proton dissociates

Yy = u*;u'

- . Gansraledwin LEaE
: Ooen = 128.94 pb

©oocut o= p; =2 GeV

10°E

Large cross section w_
Very well known: QED :

10° E

Very clean final state (if pile-up neglected: L < 10** cm? s?)
Exclusive pair of muons
(Almost) no proton remnant in CMS
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Exclusive muon pairs: backgrounds

» Signal and main backgrounds

4

r

photon-photon (LPAIR)
— NO cut:

1.47 x 10° fb (elastic)

- p, > 2.5 GeV
74.7 x 10° fb (elastic)

- p,>2.5GeV
76.2 x 10° fb (inelastic)

Reducible background events include:
. Drell-Yann processes
. W pairs
. Heavy quark decays
(Upsilon exclusive photoproduction)
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Exclusive muon pairs: selection

* The selection of these events by CMS is possible thanks to

the following characteristics:

1° Exclusivity requirement: 2° Kinematical requirements:
only two muons in CMS Very good balance of the direction
and the momentum of each muon, in

the transverse plane
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Plane transverse to the beam
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21/11/2008

— generated p*
. triggered p*

15 20 2

5
p (1)
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ol ro- clect

e Offline selection

Back-to-back muons
- Kinematical requirements in the transverse
plane
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Exclusive muon pairs: selection

e Offline selection

- Exclusivity requirements

Only 2 muons are expected
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pp inel DY, DY, DY
Al > 2.9 99.9 578 10.1 23.9 53.5
Apr| < 2.0 GeV 998 494 79 10.9 10.6
N(towers) < 5 99.8 476 <70 <026 <0.14
N (tracks) < 3 95.4 458 <35 <016 <0.14
Without the “Forward detector veto”
Selection summary
ppe inel DY, DY, DY 3 Y
o (pb) 747 76.2 18,910 2976 899 62
N (events) 100k 20k  96.6k 3M 3M 16k
Erig (V0) 10.0 18.3 0.1 4.8 9.7 8.5
€sel (Y0) 95.4 458 <35 <016 <0.14 95.0
0yvis (Pb) 7.09 6.38 <0.59 <0.003 <0.001 5.02

Without the “Forward detector veto”
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Exclusive muon pairs: backgrounds

Rejection of inelastic events

L L L L L L L
e 0.1 ]

PP (ry—p w)'pX ]
I — all ]
008~ | | @ neutrals —

LPAIR + CTEGSM

G.{M:— —
The remnant of the broken proton -
0.02 « : _
can be seen in the forward L F 8% g,
B, B, S
detectors (T2+CASTOR, ZDC) vz 4 s 8 0 iz i

n (most central particle)

“Forward detector veto”
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Applications
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= CMSSW 160 Iael3.5612 0.347) 107 1
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€ ag
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20 '
. . : A :
The cross-section ¢ is very well known LR &Lt 3%" =)

'D.ﬂ'EI — ICL
o] - loh/m

s
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theoretically (<1%)

Determination of kag

Netastic(vy — p+p_) = 426 + 21(stat) £ 4(th)

waﬂ e (yy — p"‘,u_} = 407 + 20(stat) £+ 77(model)

inelastic

N®veto (o ) = 141 + 12(stat) £ 27(model)

inelastic
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Acceptance
Muon pr scale < 0.3%

Calorimetric excl. 2%

Tracking excl. -

Acoplanarity fit 1.5%

Calibration using inclusive low py muon
Use vp— Tp— pu p"p
Monitoring and masking the noisy calotowers

and /or forward rap gap without calorimeter excl.

Use tracking algorithm dedicated
to low pp track reconstruction
More data and/or other types of fit.

Syst. errors < 3%

At L=100 pb™, the statistical error dominates.

21/11/2008
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Luminosity measurement

X. Rouby, K. Piotrzkowski, CMS AN 2008/061

B“:mhﬁ — ile“:hl{,r:

€ g

Overall uncertainty < 7%

Scenario (i): Lipye = 100 1}];_1

-

Lineas = 96.8 £ 6.1(stat) £ 1.0(th) = 2.9(syst) |3~I}_J

Scenario (ii): Liyye = 100 pb~ with forward calorimeter veto

Lineas = 99.4 & 5.3(stat) £ 1.0(th) + 2.9(syst) l}i}_l.

At low luminosity (low pile-up) this method
looks the best one for the absolute

luminosity measurement in CMS
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Alignment of the forward detectors

- Luminosity normalization: offline calibration of lumi monitors

- Forward detector calibration+ alignment

Rouby, de Favereau, Piotrzkowski

[JINST 2 P09005]

m TTT | TTTT | TTTT | TTTT | TTTT EffeCt Of
'E" L i *E 3 beamline __ E,,, with Hector — "MQXA.1RS" shifted by 0.5mi
5 : e [ . . —— MC particles
g 10%E — all dimuons a [ misalignment on il
A : 10'=forward trackin Misalignment (108.6 + 1.7 GeV)
- tag at 420m — = deteCtOrS g Misalign + beam pos corr. (112.4+ 1.6 G4V}
10 = . ta at 220m — : i -__l Misalign = calibration {114.8+ 1.6 Ge\)
: ° : §
TR ] 107 I Correction
1 = - | from
- 5 10°E | dimuon
‘ ) g B data
107 F i
f 10 F‘ b
10—2""""" :I.Iulllllnll Lo |||||!n||||£||||:é|i||35
95 100 105 110 115 12 125 130 1
0 20 40 60 80 M 100 Reconstructed Higgs Mass (GeV)
nu
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Upsilon photoproduction
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Upsilon meson production

Upsilon : Y = (bb)

HERA measurements

™ L i i i L] v i i i L.
) F 0.16
3 I . L) W
-E’.HJZ s w_« BT GM(TP] -
S | .. ]
- R S W
g 10 ;l:.|| '-;-.h":*;élﬁ : o .. - *]

010 F b, ° o B lyp = op)

0 f LTV \w0:22]
2 Y. olp > wp) W
£ . G W

s ﬁ Jor o “5(yp = ¢p)
|

19_1:_ _E_a:mﬂ'ﬂm Wﬂfs—f
o(yp = dx’ﬁpl 1]

Cross Section: badly known

but the upsilon masses are very
precisely measured

(narrow resonances)

This can serve as a calibration

tool for the experiment

Lk it

- . o : T o
10°F = ZEs o o . T

E® JEUS (prel. 5 ] P T ¢

L :éHMES a(yp = ¥(2S)p) 61 \ ”
10° : fixed torget W™ 4 ﬂ‘,-f -

| o(p = 119)p) 311 I
1ﬂ-4 L T R R R A P S T T A l* L L1 J-d—"'f’ ) ‘-—-h"‘-_

1 10 10° W(GeV) r P

Same dimuon final state!
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Upsilon meson production

J. Hollar, S. Ovyn, X. Rouby [CMS PAS DIF-07-001]

Selection of the dimuon pairs as before

= m N L L DL L LN L L L LA B S B S
> n .

2 60 CMSSW -

g 50:_ | CMS preliminary _:
S YUS) P L = 100 pb™ 1

~ 40— | Y(2S) -

2 - ]

C _ _

q>3 30— —]

LLI - Y(3S) 1
20— . =

u ( i :

1of Ry ;

N — 10l Lo ot o0 1P 0 M ... - S . . LU AT .J'
P}P} 0 L DR Y |....|".'|‘~L o |“~| a1 ] || Ll ] I
continuum 8 8.5 9 9.5 10 10.5 11 11.5 12
m(u p) (GeV)

Observation of the three resonances !
— low p_ track calibration

— detector alignment
— sensitivity to very low-x distributions

21/11/2008 Xavier Rouby - IPHC Strasbourg 37



Conclusions

* Photon physics at the LHC:

- Using LHC as a photon collider! Nice final states, with a lot
of physics within and beyond the Standard Model.

* Y Y-S

- Very interesting final state: easy selection, early physics,
well known theoretically

— Absolute luminosity measurement
- Forward detector alignment

* Yp —> YU U

- Improving HERA measurements. Cross-section
measurement. Calibration tool for the detector

X. Rouby, PhD Thesis: http://www.dart-europe.eu/index.php/record/view/139668
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complémentaires
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Forward detectors for ATLAS

| |mER-Dipole
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~2010

!III !II I!Illllllllr
>3
=y

i
400

TRACKING

Scintillating
fibers

CALORIMETRY
neutrals
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Détections des protons émis a tres petits angles

Un proton émis a tres petit angle peut s'échapper de CMS par le
tube du faisceau, sans étre détecte.

X [mm]
TTT ITIII

=" | Silaperdu de Iénergie, sa

DY) — N T e TR -

trajectoire sera différente

de celle des protons du

l;I — 'ui:un' — 'mim' — '36:3' — ﬁélﬂ' | 5rim' _
/ \ faisceau.

= ............................ .............................. ............... e =) || est possib|e de

—500GeV l'observer en utilisant les

............................. ............ *-h,.*"'”-”'“‘-\l_*”” détecteurs S|tUéS Ie Iong de

350 400 @50 la ligne de faisceau
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Déetecteurs de protons diffuses

Les protons diffusés vers I'avant ont une énergie proche de celle

du faisceau, mais légerement inférieure. Leur trajectoire suit,
plus ou moins, celle du faisceau.

X [mm]

7 000 GeV

Il est donc possible de

détecter ces protons a 6 800 GeV

l'aide de senseurs places a 6 500 GeV

guelgues millimetres du

faisceau. -100 ;—

1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 | 1 1 | 1
0 100 200 300 400 500
s [m]

perte d'énergie —~ éloignement
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Déetecteurs de protons diffuses

Plus le détecteur est proche du faisceau, plus grande est la

gamme des

énergies qu'il

couvre.

BORD

ZONE
SENSIBLE

1F Hector

0.8

Acceptance a 220m

—
-

Distance
“t1.8 mm

— 2.0 mm

— 2.2 mm

60 80

100 120
E,oss (GeV)

1

0.8}
0.6F
0.4}
0.2

Acceptance a 420m

 Hector

A
)
e
L

Distance
--- 3.8 mm
— 4.0 mm

— 4.2 mm

o=
14 16

18 20 22 24

Eposs (GeV)

Nécessité de minimiser la distance entre le bord

physique et la zone sensible du détecteur. Cette

distance doit étre de guelques dizaines de

microns.

On parle alors de detecteur sans bord.
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Déetecteurs “sans bord”

Contrainte supplémentaire :

-
=
1

-
o]
|

les détecteurs doivent également

-
=
L

étre tres résistants aux radiations

Hits (cm™) x10™"

4]
|

O=

O(10**-10") protons/an/cm?2

Pythia + Hector

Solution : détecteurs sans bord au silicium

— Developpement de detecteurs coupes.
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