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CMS

The Randall-Sundrum Model WL

One Warped Extra | | |
Di ion = A to th * BD Anti-de-Sitter space-time
Imension = Answer 1o The it 2 branes of 4D:

Hierarchy Problem

Metric: e2kre q  dxt dx¥+ r2 dg?

__—"(| Buk Curvature: k (~Mp,)
Planck v Compactification radius: r
SM

r :
New coordinate: ¢ (-7 ¢ @ ¢ )
qﬁ
R e Traditional 4D coordinates: x*
ro=0 re=rm
// - Gravity scale : A =My, ek™

/é no new hierarchy with A  ~1 TeV

if kr 2 11-12
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CMS

The Randall-Sundrum Model WL

Only the graviton can propagate in 5D. On the 4D branes, Kaluza-
Klein excitations of the graviton can be observed:

M, = k x, ek avec J,(x,)=0

L=p M, x:2c?
with fwo free parameters in the model: M =M, and c=k/My,

1

. L I B L
Example: if M1=1.5 Tevm—z — _|  H.Davoudiasl, J.Hewett,
/\ T.Rizzo, hep-ph/0006041
o
& Wt —
M
C _ ] c=l
= 1g~B
N
s c=0.1
o o o c=0.05
polet o1 5 TN ] c=001
My (GeV)
Look for the 1st KK graviton (resonance @ M.~ TeV)
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CMS

The Randall-Sundrum Model ||l

Constraints on the two free parameters of the model: M;and c=k/My,

H.Davoudias|, J.Hewett,
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CMS

The Randall-Sundrum Model ||l

Constraints on the two free parameters of the model: M;and c=k/My,

H.Davoudias|, J.Hewett,
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| | | 1 T.Rizzo, hep-ph/0006041
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Which part of the plane can be access with CMS?
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The CMS Detector WL

MU CHAMBERS TRACKER | | CAYSTAL ECAL
-------

CALDRIMETER |

pp collisions with 14 TeV
in the centre of mass

Start in 2007, with first
physics run in 2008

1 year @ low luminosity:

10 fb-!
1 year @ large luminosity:
100 fb-! .
=
BESE e e :
= Discovery of the Higgs Boson &
Search for New Physics
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CMS Detector WL

ul | | , |
m m 2m m
Key:

Muon

Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

3 Electromagnetic
}'l I ' Calorimeter

Hadran Supearconducting
Calorimeter Solenoid

Iron return yoke interspearsed
Transverse slice with Muon chambers
through CMS

T Bavrnay, CERN, Felwaomey 2000
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CMS
The e*e- channel WL

Signal: pp = G = e*e” (K Factor =1)

The e*e-decay channel has a low branching ratio (BR=2%) but the clear
signal in the electromagnetic calorimeter ECAL allows it to be the
discovery channel for Randall-Sundrum Gravitons.

et et
q > Gk g > Gk
q e g
Background: 2 electrons in the final state
- Drell-Yan: pp = v/Z—>e e (K Factor=1.3)

- [ Jet faking an electron: Dijet, y-jet, e-jet
which is negligible in comparison to Drell-Yan after selection cuts]
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= Full Simulation & I./ML
Reconstruction Analysis

Generation with PYTHIA with a correct description of the energy
evolution of the squared amplitude + inner Bremsstrahlung with
PHOTOS

Low energy particles incms | Full Simulation and Reconstruction chain of
S "7 7 | CMS (CMSIM & ORCA without pile-up):

_ - -Very high energetic electrons! Work on
? the electron reconstruction

-Synchrotron radiation is included but
found to be negligible in comparison to
Bremsstrahlung in the tracker

-Possible  saturation of the ECAL
electronics

C.Collard EuroGDR @ Frascati 9
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CMS Saturation of the ECAL I./ML
electronics

— Front-end board

Trigger Tower APD/VPT Preamp ADC
Energy Light Current Voltage
| | | |
Light Current Voltage Bits

- Possible saturation of the ECAL electronics (pre-amplifiers in
VFE cards) is studied:

» Saturation expected at 1.7 TeV in the barrel with measured crystal
light yield (4.5 photo-electrons/MeV)

- Study here for saturation at 1.25 TeV (i.e. 6 p.e./MeV)
* A simple correction is found.

C.Collard EuroGDR @ Frascati
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CMS

Saturation of the ECAL
electronics

LI

» The saturation has a big effect on the mass reconstruction of

heavy resonances.

[ Without saturation T[] CMS

Events (Arbitrary Units)
= S 3
I

[x)
=
2
L L

0 1 2 3 4 5 8 7
Hass{TaWczl

C.Collard
LLR, Ecole Polytechnique, Paris

Idea for correction:
Correlation between

5x5 crystals
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CMS

electronics

Saturation of the ECAL

LI

»  This correction of the saturation allows to reconstruct heavy mass

" Without saturation []

CMS

resonances.
.'E spp- Without saturation )] CMS -E 500
s | s §
2 > [
® 400 ® 400[-
= =
5 8
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& » -
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@ @ L
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i L —
_||||||| 111 1 [ N N ﬂ_""l""
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Mass (TeV/c’)
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CMS

Selection Cuts WL

Low energy particles in CMS

pp = 6 = e'e-

I 1 1 1

m Tm m
Key:

Muon

Electron
Charged Hadron (e.g. Pien)
= = = - Neutral Hadron (e.g. Neutron)
“me-- Photen

- Trigger up to Level 2.5

- 2 electrons
- Super-Clusters:
- p;>100 GeV,

* |n[<1.4442 (barrel)
or 1.566 < [n|< 2.5 (endcaps)
- Isolated: Econec 0.02 E+5¢ in cone Ar<0.5  (to kill big jets)
- Electromagnetic:H/E < 0.1 (to kill 7t*/rr)
- Charged: 2 tracks with at least 2 hits (to kill w%/y)
C.Collard EuroGDR @ Frascati
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CMS
Search for a resonance WL

& 12— o = .
">"3 C Randall Sundrum Graviton ";- 4-5;— Randall Sundrum Graviton
3 10— G —ee 8 a4t G—ee
T CMS: Full Simulation %5 35— CMS: Full Simulation
N 8 and reconstruction [7-) C .
= L 1 ¥ 3-  andreconstruction
o L ¢=0.01 and | L=100 fb — C .
> - 2] F c=0.1 andj L =100 fb
w sj ‘E- 2.5E
® S 2
B 11} B
- * 157
B 1
2
0.5
0
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- Fit of a Gaussian to the signal distribution
*  Mass window for Ng and N, estimation: <M> + 30

 For low coupling values: E;< 1.25 TeV (no saturation)

- For large coupling values: correction of the saturation coming
from the ECAL electronics
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CMS

Results for ¢=0.01

“: 225 Randall Sundrum Graviton: G — ee
- —
% 20: —L CMS: Full Simulation and reconstruction
o - ¢=0.01 andj L=100fb"
o 18 —
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—= 16
/)] —
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CMS

N

Results for ¢=0.01

N-I-h —
o B _
S 250 Randall Sundrum Graviton: G — ee
@ -
() B CMS: Full Simulation and reconstruction
= 20 c=0.01 andj L=100fb"
: u T One experiment
z N
o 15—
- L
m L
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10—
s
0
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CMS ) .
Significance

S =2(+/Ns+ Np—+Npg).

il il
% - Randall-Sundrum Graviton % i Randall-Sundrum Graviton
] B G — ee with ¢c=0.01 (3] - G — ee with c=0.1
= 251 = 25
E-, . CMS: Full simulation E-, . CMS: Full simulation
w - and reconstruction w and reconstruction
201~ e 100 fb" 20~ « 100 fb”
i s 10 fb™ i + 10"
15 15
10 10__
- 1/8 TeV : 3.8 TeV
5 5 /
el | 1 T g I T N AT o ST VT e s e e SN
1 15 2 25 2 2.5 3 3.5 4
2
. . 2
Graviton Mass (TeV/c) Graviton Mass (TeV/c")
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CMS
G—>e*e” : Discovery plane WL

CMS NOTE 2004-024

L&)
-
3
= IR < M2 10 fb™! 100 b’
s 107
E L
o _ Region of Interest
m E:
IE E
o
5 |
3 | Discovery Limit of
Randall-Sundrum Graviton
| G - ee
CMS - Full simulation
and Reconstruction
10.2_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
. 2
Graviton Mass (TeV/c")
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CMS
G—>e*e” : Discovery plane WL

CMS NOTE 2004-024

L&)
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>, Identification WL

% ATLAS S |
g AR 100 fb!, canal ee How to distinguish Gravitons
0 & from other particles?
“10
6
> - Angular Distribution Study
; (Graviton is spin-2)
- Other Channel Study
(Universal couplings of Graviton)
-1 ;
10 '
2000 4000 6000
GeV
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CMS . ) )
Angular Distribution

Analysis with fast simulation (CMSJET) 20
o e e °
1.78 |5:|-<2,4. i O In1<15 2
oz | oz {7 ~ ¢ pp — G+ — ee '
0—1 -0.8 -0.6 -0.4 -—-02Z 4] 0.2 0.4 a.6 o8 1 t E . tOtaI
cosl 1!~)1 cos( 9+ g L . q.qbar
5 0 . gluon-gluon
*‘Need of the endcaps! ;o
0n L
-Dependence on the Graviton mass $
= Need to do the study with the full o
simulation and reconstruction chain of CMS E o
0%
T R I R TR S T S TR

C.Collard
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CMS

Conclusions WL

Full simulation & reconstruction analysis

Study of very energetic electrons and search for massive
resonances

Discovery plane for the Randall-Sundrum gravitons G = e* e
- With 100 fb!: the region of interest will be covered by CMS.

- With 1 fbl: a large part of this region of interest will be
accessible at the first beginning of the LHC running.

For the Future: Work on the Identification of the Graviton nature
- Angular Distribution (Graviton is spin 2)
- Other channels:

G = vy is allowed but not Z' = vy.

Test the universality of the Graviton couplings.

C.Collard EuroGDR @ Frascati 29
LLR, Ecole Polytechnique, Paris 25-27 November 2004



