Review of Present Searches for

Extra [’ nensions
And Prospects for the LHC

CMS
A Compact Solenoidal Detector for LHC

Dr Tracey Berry

Royal Holloway
University of London

e e

Seminar, QMUL
Tracey Berry November 2008 1



Overview ll

e Extra Dimension Models
e Search Facilities
A)D
LEP
Tevatron: CDF & DO
LHC: ATLAS & CMS
RS
CDF Searches
LHC: ATLAS & CMS
Te V-1
DO
~ LHC: ATLAS & CMS
(U :=-D)

e Summary
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The Standard Model "

The SM : particles + forces

Gravity is not included!

Leptons ]

Motivation for searching for something beyond the SM....
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Forces In Nature "

Gravity Electromagnetic Strong

Graviton

Photon Gluon
(not observed)

Quarks,
All charged

leptons, W*, W-

Quarks &
gluons

Gravity is very weak! — Hierarchy Problem

Mgy (103 GeV) << My o (1012 GeV)?

Table from
Cigdem Issever,
Oxford
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Extra Dimensions: Motivations "

In the late 90’s Large Extra Dimensions (LED) were proposed as a
solution to the hierarchy problem Mgy (1 TeV) << Mg, (10%° GeV)?

Randall, Sundrum,
A ' D Q\I;/lg?_gtlt S}?gr(‘gesc)l DImOpOUIOS Dvall F s Phys Rev Lett 83 (99)
. 1 highly curved ED
Many (0) large compactified EDs Gravity localised in the ED

In which G can propagate
Planck TeV brane

Mp? ~ RMpy(445) 2%
= -kRcTT
Effective M, ~ 1TeV - if , N=M,e
CompaCt Space (Ré) IS Iarge ----------------- 2 S ol /\T[N TeV

¢ T
if warp factor kR_~11-12

Since then, new Extra Dimensional models have been developed
and been used to solved other problems:

Dark Matter, Dark Energy, SUSY Breaking, etc
Some of these models can be/have been experimentally tested at
high energy colliders
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Extra D/ ensions? MW

If ED exist, why haven’t we observed them?

The “extra” dimensions could be hidden to us:

e E.g. To a tightrope walker, the tightrope is one-dimensional:
he/she can only move forward or backward

e But an ant can go around
the tightrope as well ...

tpefhwneaw particlead venture. orglframele ssfextra_dim. htimil

e The “extra” dimensions may be too small to be detectable at energies
less than ~ 101° GeV (E.g. they are small that only extremely energetic
particles could fit into them (so we need high energies to probe them))



ExtraD cnsions? MW

Or only some kinds of matter are able to move in the
extra dimensions, and we are confined to our world.

n((}g f\)
I FY /
I~/ J Extra Dimensions

( [ /

like so.me’rhmg that was forced Our Brane/
to reside on the surface of a

: World
tabletop, being unaware of any
such thing as up or down.
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KK towers/particles Il

When particles go into the extra dimensions....

mass

mass l
difference
~ 1 /s1ze I

http:fiuniverse-review.ca/l15-T4-KK.jpo

6R

5R

4R

IR

2R

1R

Tracey Berry

X, Like QM particles in a box

My = V(Mg>+n?/R?)

Spacing & (summation of ) KK towers
determines the search signature:

e narrow resonance (RS) or
e broad increase in cross-section (ADD)

Seminar, QMUL
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Extra Dimensional Models "

A ' D aglgzigti-;?grggscz)i, Dimopoulos, Dvali, Q G
(Many) Large flat Extra-Dimensions (LED) could be as large as a few um
In which G can propagate, SM particles restricted to 3D brane

F S Randall, Sundrum, Planck TeV brane

Phys Rev Lett 83 (99)b

Small highly curved extra spatial dimension
(RS1 — two branes) Gravity localised in the ED

-1 Dienes, Dudas, Gherghetta SM chiral SM Gauge
T 'V sized EDs Nucl Phys B537 (99) fermi@\/\/\Bosons J

Bosons could also propagate in the bulk W, Z v, g
Fermions are localized at the same (opposite) orbifold point: destructive
(constructive) interference between SM gauge bosons and KK excitations

U .D Not covered here! W, Z
All SM particles propagate in “Universal” ED G
often embedded in large ED € U
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Experimental Signatures of ED "

Covered in this talk

e Large Extra Dimensions (ADD)

e KK Graviton Direct Production - Missing E; signature
Single jets/Single photons + missing ET

Emission
e KK Graviton Exchange - Drell-Yan

d _
Di-lepton, di-jet continuum modifications I
-9 jet(s)+Ey
ADD

e Randall-Sundrum Model
e KK Graviton - TeV resonances
Exchange

Di-lepton, di-jet and di-photon resonances -
Diboson resonances

e TeV-! Model
e KK Gauge Bosons (Z,,) (also W) ADD RS TeV!
Di-lepton resonances
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@) Past ED Search Facilities :

LEP, CERN, Geneva

largest particle
physics laboratory
"“"=“' ——

LEP | Vs =91 GeV
LEP Il Vs = 136-208 GeV
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£’ Present ED Search Facilities "
Tevatron, Fermilab, USA r]
WA | IR, A\

3'1

Tevatron: Highest
energy collider
operating in the world!
Run| Vs =1.8 TeV
Run Il Vs = 1.96 TeV
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Future ED Search Facilities! "

Bigger Collider & Detectors!!

LHC: proton — proton collisions
Higher center of mass energy
Vs = 14 TeV

|
A
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@) ATLAS and CMS Experiments "

Large general-purpose particle physics detectors
A Toroidal LHC Apparatu$S

Muon Detectors Electromagnetic Calorimeters
\

Compact Muon Solenoid

FORWARD MUON CHAMBERS.
CALORIMETER | =3

Total weight 7000 t ﬂ‘;‘;’n fie fiald i‘}:';ﬂ CMS-PARA-0O1-11/07/97 L
Overall diameter 25m Total weight 12 500 t
Barrel toroid length 26 m Overall diameter 15.00 m
End-cap end-wall chamber span 46 m Overall length 21.6 m
Magnetic field 2 Tesla Magnetic field 4 Tesla

Detector subsystems are designed to measure:
energy and momentum of y ,e, |, jets, missing E; up to a few TeV
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ATLAS n

Largest volume particle de‘rec’ror ever constructed!

Overall
diameter
25 m

: '?

FFLAS is half‘ The
' suze of Notre-Dame.
Cathedral '




LHC best 'working schedule* 2009 "

- Moving out of magnets affected by the incident has started. It is
foreseen to remove 39 dipoles, including 6 (3 at each side) in a
buffer zone. These magnets should not be affected but will be re-
tested just to confirm that the limits of the affected region are
understood. 14 SSS quadrupoles will also be moved out.

- All magnets to be brought to the surface should be out before
the Christmas shutdown. By then 20 dipoles should already be back
in the machine. The plan is to install the first dipole (from the
set of spares) already this week.

- The test bench (for cold testing) is a limiting factor. Capacity to
be ramped up after connection of 18 kW plant (now 6 kW) in February
20009.

- Last magnet should be back in end of March 2009;

whole machine cold again beginning of July.
This means optimistically: first beam in the machine end of July.
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Non-Search Constraints on the A JD Model "
A 'D Qcﬁgtitﬂ?g”ffg’ Dimopoulos, Dvali, Q G

(Many) Large flat Extra-Dimensions (LED) could be as large as a few um
In which G can propagate, SM particles restricted to 3D brane

M ~ R6IVIP|(4 5) 2+0)
FOF MP| nJ 1019 GeV and MP|(4+5) NMEW — R N1032/6X10_17 le

> 0=1 - R ~1013 cm, ruled out because deviations from Newtonian
gravity over solar distances have not been observed

» 0=2 - R ~1 mm, not likely because of cosmological arguments:

In particular graviton emission from Supernova 1987a* implies M,>50 TeV
Closest allowed M4, value for =2 is ~30 TeV, out of reach at THC

*Cullen, Perelstein
Phys. Rev. Lett 83,268 (1999)
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ADD Collider Signatures "

> Real Graviton emission in association with a vector- boson

Signature: jets + missing E;, V+missing E;
o depends on the number of ED / g, §\1et >/

® g7 — 9G ® g9 — 4G ® g9 — 9G

f)'-.. ll _I r-r-. -4":.'-1;"]1." -,I_\.I-_, J !I-ﬂ' !f.jr--"
77 Hg 9" he o 9" /}é %/

>Virtual Graviton exchange
Signature: .

deviations in o and asymmetries of SM processes . | drbaddwgiﬁagliégﬁ
e.g.qq - I*I, yy& new processes e.g.gg - I*I" § 1} spaced summed:

_ + - £, ) over KK towers
qq - 1"l 99 - Il S |
. . . . Excess above Y107 LOSTeV. )

N e R di-lepton continuum =& M. 075TeV
3 . G = i . -
y " 3 . _ - ESPE'V ““-
7/ & 9" - 10_().gDI:_IlQunI \‘ ISTEKQM
Seminar, QMUL e S
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D Model
S

Real Graviton emission / g &j >/
0.3 et,

Seminar, QMUL
November 2
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CDF ADD G emission Search: “
Photon+MET channel in Runll

Data Selection optimization for the ADD model
Central Photon Et > 50 GeV yields photon Et > 90 GeV
Missing Et > 50 GeV | COF Runl Preliminary, 206"
No jets with Et > 15 GeV 102} 272 A
No tracks with Pt > 10 GeV c ﬁ% ety
At least 3 low Pt COT tracks @ Wiz, lostelute |
£ " % — ADD n=4 m=0.8 TeV
)] 4 —
. g > = - ’ 3
Background Predictions L 5
CDF RunlI Preliminary, 2.0 fb~! W“
Channel ~vET > 50 GeV ~vET > 90 GeV ]
W—e—y 473x51 2.6+ 04 40 60 80 100 120 140 160 180 >180
W — /T —~|19.1 & 4.2 1.0 + 0.2 Photon E, (GeV)
Wy = py —7|331 £ 102 Li= L2 CDF RunlI Preliminary, 2.0 b~}
Wr — 71y —~ 176216  25+02 S S Nt e M
Ny =y 189+ 23 23406 g 7'3 2'7 }ggg
cosmics 36.4 = 2.5 0.8+ 1.3 | ' B
4 76 804 |970
Total 280.1 £ 15.7 46.7 = 3.0 6 -9 314 o0
Data, 280 40 MUL
lracey Berry ,'\,g\',g,',j{,’e?zoos M Goncharov, V Krutelyov, R Culbertson, #jPronko
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CDF ADD G emission Search:
Jets+MET channel in Runll

Data Selection q9—gG, qg9—qG, or gg—gG
Optimized Search for LED w0 ] ——
Leading Jet Et > 150 GeV " T

Event Missing Et > 120 GeV >0 |
Allow 2nd Jet with Et < 60 GeV 8w

CDF Il Preliminary (1.1 fb'1)

. @ 100"
No 3rd Jet with Et > 20 GeV g
> r
m |
. - 60
Background Predictions i
Background |Number of Events 20;
Z->mm 390 +/- 30 ot ' ' '
100 150 200 . _250 300 350 400
W > tau m 187 +/- 14 Missing E; (GeV)
W -> mu m 117 +/- 9 o LED Limits:
W->em SE+-4 n | Mp (TeV) R(mm)
Z->11 6+- 1 2] =131 [ <0279
QCD 23 +-20 3| =108 <315x% 10—5
|GEII]IHE phlﬁ Jﬂt | 1? +."I- 5 I - 0_98 - 1.':'1 % ID_S
Non-Collision 10 +/- 10 ; =091 |<320x 1010
Total Predicted S08 +/- 62 ]
6| =088 |=316x 10!
Tra Data Observed 209 Seminar, QMUL
22
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ADD G Emission Searches: “
In Runll

Jets+MET
Photon+MET . LED Limits
CDF Runll Preliminary, 2.0 fb~! n |Mp (TeV) | R(mm)
N LED |a (%) |og, b | M®* CeV S =131 | <0279
2 72 847 1080 R = :
3 72 847 1000 3] 108 |<315x10° w
4 76 804 970 1] =098 [<101x10°
o |72 |sts |ooo 5| =091 [<320:10" DO’s Jet+MEt 2.7fb! search
6| =088 |<316x10"| |[imit not so exclusive as
Combined - CDF’s combined limit
. . D - == gxpected limit
CDF RunI{ Preliminary, Jet/~+ Fr :ﬁ::_ . B
N LED |03, b | M®PS GeV 3 * COF 20t imit
2 263 1420 1.22_ . . A | EP combined limit
3 38.7 1160 I I EEE T
4 46.9 1060 06_ A
5 h2.7 990 0.4} D@, Run Il preliminary 2.7 fb'
6 56.7 1950 o2
. 0 3 4 5 6 7 8
Tracey Berry SN(Zrcg:sg,e?gIO%Ls Number of Extra Dlmez‘sjlons



Present ADD Emission Limits [ 1

LEP and Tevatron results are complementary

ot T et 7
- & o & ’ ] = "~
+ G et ¥ l 7 ﬁ']\et a \\\Qkk 9 \\\“Gkk
8 | %j a - ~ S
= jet(s)+HE;
emission v+ Bt
L T ]

For n>=4:CDF combined

For n<4: LEP limits best Yy+ME; limits best
- S | CDF Run :I Preliminary ] CDF Runll Preliminary, Jet/~+ Fr
Vi morme | INLED 0%, fb | M Gev
= AR ML I 26.3 1420
S TR 3 387 |1160
g 4 169 1060
> 5 52.7 990
6 56.7 | 950

2 3 4 5 6
Number of Extra Dimensions
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The Future...LHC...

¢ What we can do when we have collisions and more data...

ATLAS 2008-09-10 10:19:10 CEST event:jiveXML_§7764_30050 run:§7764 ev:40050 geometry: <default>

¥ o i

first beam
event seen
in ATLAS

noy 10

)

20
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ATLAS

e ...more data... =
£

2nd beam event seen in ATLAS

e And a bit more.......

Seminar, QMUL
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LHC Data / Prospects IHI

In 1 year ATLAS will record 3200 Terabytes of data
equivalent to: 7 km of stacked up CDROMs !

Sounding 1 year

ballon —/ | HC data
(30km) = (~20 km)

Concorde o e 2009: 10 TeV 100 pbt
(15 km) e Low Lum: 2x1033 cm2st O(10fbl/yr)

%

p e High Lum: 1034 cm2st 100 fb/yr
Mont-Blanc
(4.8km)

' . lyear

5 ATLAS

datal
(7km)

AU AR R AR AR Y

Tracey Berry 27



ADD Discovery Limit: y+G Emission [ 1§

J. Weng et al. CMS NOTE 2006/129

I

Real graviton production  pp_, y+GKK

]
i

%iggn?Ehlgh-pT photon + high Integrated Lum for a 5o significance discovery
T Mp /n n=2 n=3 n=4 n=>a n==6
At low o the bkgd, particularly Significance S=2(W/(S+B] '\/B)>5
irreducible Zy - vvy is too Mp=10TeV [ 021 b7 | 016 7" | 014 71| 015 71 | 015 b7
Iarge: require pT>4OO GeV Mp=15TeV | 083 b~ | 059 b~ | 056 b~ | 061 ™! | 059 fh~°
Mp=20TeV | 28 b | 20 b | 1o | 216" | 23 b7
Mp=25TeV | 00 fb~' | g2~ | 87871 | 94" | 100 fb?
[ Main Bkgd: Zy - vvy, Mp=30TeV | 478 ! | 464 ' | 644 7! | 1008 ! | 2612 7!
Also W - e(H,T)V, WV—» ev, ‘@Tﬂv _ sgﬁ very “”‘P“““’l'*““?"'”D

| Vi Y-
ytiets, QCD, di-y, Z2+jets M= 1- 1.5 TeV for 1 fb-t

2 -2.5TeV for 10 fbl
3 -3.5TeV for 60 fb!

Not considered by CMS analysis: Cosmic Rays at rate of 11 HZ: main
background at CDF, also beam halo muons for p> 400 GeV rate 1 HZ

Seminar, QMUL
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p"
ner-4e

ATLAS
pp-y+G 1 qg - yG*«

Rates for M= 4TeV are very low £
o)

MDMAX (TeV) | =2 %
HL 100fb! | 4 &

For 8>2: No region where the model
independent predictions can be
made and where the rate is high
enough to observe signal events
over the background.

This gets worse as o increases

ADD Discovery Limit:

y+G Emission "

L.Vacavant, I.Hinchcliffe
ATLAS-PHYS 2000-016
J. Phys., G 27 (2001) 1839-50

. H““‘-, -\-\\R—\ "-!..*'
10 Ci b b P s Lo s Lo 0 Yew Ly T

e =14 TeV =,

||'|‘] <25 - B0t truncation

M, =2 TeV o=3

= background [y + Z[vv) )

by =5 TeV

TSN

My =6 Te

N

100

200 300 400 500 600 700 800 900 1000

cut
Ep, (GeV)

e Better limits from the jet+G emission which has a higher production rate

This signature could be used as confirmation after the discovery in the

jet channels

Tracey Berry
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Real graviton production pp -, jet+GKK

Evants [ 20 GeV

99 - gG, qg*qs & qq-Gg

Dominant subprocess ol N

QSignature: jet + G = jet with high transverse ==

energy (E;>500 GeV)+ high missing E;
(E;miss>500 GeV),
O vetos leptons: to reduce jet+W bkdg mainly

0 Bkgd.: irreducible jet+Z/W —jet+w /fjet+lv o % s

jZ(vv) dominant bkgd, can be calibrated

E ] ey, Wi

[] W)

Eod f20ev)

r

s L “ﬁ.’ ¢

%! ADD Discovery Limit: jet+G Emission "

total background

signal é=2 MI:' = 4 Tal
signal =2 M, =8 TeV
signal i=3 Mg=5TeV
signal =4 M =5 TeV

using ee and pp decays of Z. Discovery limits
Mogasa "™ (TeV) |3=2 |5=3 |3=4
LL 30fb-1 /.7 6.2 5.2
HL 100fb-1 9.1 /7.0 6.0

L.Vacavant, I.Hinchcliffe, ATLAS-PHYS 2000-016
J. Phys., G 27 (2001) 1839-50

Seminar, QMUL
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ner-e

ADD Parameters: jet+G Emission

To characterise the model need to measure M, and 5

Measuring o(pp - jet+GXK) gives

Events | 20 GaV

: l Ve =14 TeV
L]
e 100 fb-!

= PPN [ 1R P T o M 75 S O, -
o 1250 1500 175D 2000

4
E

£l

Eod fWie ), W)

'—] JW )
D JE{vv)

— total background

ner-e

® signhal =2 M =4 TeV

. slgnal é=2 M= 8 TeV
a signal =3 My =5 TeV
m signal é=4 My =5TeV

E miss (GeV)

ambiguous results

“

Use variation of o on Vs
o at different Vs almost

independent of My, varies with &

- 0.2

Rates at 14 TeV of 6=2 M,=6 TeV very
similar to 6=3 My=5 TeV whereas
Rates at 10 TeV of (6=2 M,=6 TeV) and
(6=3 M,=5 TeV) differ by ~ factor of 2

Tracey Berry

Seminar, QMUL
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Run at two different Vs

044 [t AU S— AR N— —

012 :_ '""'i"“""""'é“““"""é'"ﬂ-iiiiii-‘.fi.‘;.‘a.‘iul"i-r'“lu"q|oi--|"1|"u e

01

‘.08 :_ ........... ............ i .............. , .............. .........
: 0.06 :_ ........... ............ SRR E— _ .............. .........

0.04 :_ ........... ............ _ SENEIBSIIS : SN —— _, .............. _. .........

0.02 :_ ........... L ............ ._ __, .............. J .............. ; .........

e.g. 10 TeV and 14 TeV, need 50 fb-!

0.18 :_G“'D TGWIG(T4TEU:"ETIBt~,1TEV B
[ 016 |- ............ .............. , .............. .........

L.Vacavant, I.Hinchcliffe, ATLAS-PHY

S 20§9-016
] Phﬁ.I ﬁ 27 ‘Zgall lﬁia-ig oY



Model
N = 58
N T ..
G

Graviton Exchange 0,9 f.\V

Seminar, QMUL
November 2

Tracey Berry




DO ee+yy ADD: G Exchange %

DO perform a combined 2D fit of the invariant mass and angular information

(cosB*) spectrum to extract limits

And to maximise reconstruction
efficiency they perform combined
ee+vyy (diEM) search: reduces
inefficiencies from

v ID requires no track, but y
converts (- ee)

e e ID requires a track, but
loose track due to imperfect
track reconstruction/crack

Y I
/M\e-

Tracey Berry

'SM

Prediction | D@ Run Il Preliminary

SM events expected
to be distributgd
unlformly

0 600 0 600
diEM Mass, Gev diEM Mass, Gev

| ED Signal |

| QCD Background |

Signal events are accumulated
at low cos6* &

low mass
h mass 59! ) ’
G 10° dhigh coso*
10+ 1
1 00.68
-0, 10-lﬁ .
5 S 107 ¥

0.2 »
0 200 400 600 0 8

200 400
600 diEM Mass, Gev

diEM Mass, Gey
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# Tevatron ADD Exchange Limits "

Both DO and CDF have observed no significant excess

95% CL lower limits on fundamental Planck scale (M,) in
TeV, using different formalisms:

Historical GRW HLZ for n= Howett
Interest!
2 3 4 5 6 7 A=+1/-1
DO Run II: pu 1.09 1.00 | 1.29 | 1.09 0.98 091 | 0.86 | 0.97/0.95

DO Run II: ee+yy 136 | 1.56 | 161 | 1.36 | 1.23 1.14 | 1.08 | 1.22/1.10
DO Run I+II: ee+W[ 143 | 161 | 170 | 143 | 1.2 1.20 | 1.14 | 1.28/NA

CDF Run II: ee 200py: 1.11 1.32 1.11 1.00 0.93 0.88 0.96/0.99

These results surpassed by DO’s 1.05 fb-1 diEM search.....

Seminar, QMUL
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DO LED Search for LED: ee+yy

- -
@ . ~Data e T -*Data (b) CC-EC
o 10°=f (8) CC-CC — Total background £ 10000~ Multijet i
% 10° --LED: Mg =1 TeV :>: r —'II_'EtSI '?nack$|:?u\?d
= - = [ M, = eV iy
S D@, 1.05 fb' |653|'.in 2TeV 8000 ...LED: M, = 2 TeV
m 1 02 = A =
E | | Diphoton B
10 [ |Multijet 6000
; SR B Dz, 1_05 fb1 o' ‘sl g
e T T bttt - ——
E 4000
gl S N — — C R
; 20000 ]
107 E 000: &
_ | , C = | | S
200 400 600 800 1000 % 0.2 0.4 0.6 0.8 1
di-EM Mass (GeV) lcos(6 )|
5 f DO PRL 86, 1156 (2001
- — 0 L
TABLE IIT: Observed and expected lower limits at the 9% CL.on & [ Qe:pecte:ﬁr’mt 7 {2001)
the effective Planck scale, M., i TeV. = 251 o
C —observed limit
GEW HLZ " -
Ty 2 T | : 5 i - D@, 1.05 b’
Ohbs. 1.62 200 194 162 146 136 120 L sC
Exp. 1.66 216 201 166 149 138 131 7

most stringent collider -
limits on LED to date!

arXiv:0809.2813v1 hep-ex
Tracey Berry
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55

&t : ..
! LHC ADD Discovery Limit: G Exchange I
pp - G pp Virtual graviton production
- Two opposite sign muons in the S ol ;
final state with Mpp>1 TeV g osp APDDscqEyLmt 10017}
eIrreducible background from Drell- £ ﬁjﬁfﬁ
Yan, also ZZ, WW, WW, tt = et
(suppressed after selection cuts) g-zi:

e PYTHIA with ISR/FSR + CTEQ6L,

LO + K=1.38
channel 1 2 3 4 5
luminosiv
f Mper (TeV) 6.3 56 5.1 4.9
p - 10 fbh~! S/B 36/18 36/18 39/25 34/13
gl MDe (TeV) 7.9 73 67 6.3
100 fh=" S/B 50/53 62/96 55/72 51/53
M@per (TeV) 6.6 / 59 54 5.1
10 fbh~! S/B 33/10 31/8  30/6  30/6
i Mmer (TeV)  79N\_ 75 7.0 66
100 fh=" S/B 49/48
Fast MC 10 fb= | MZe (TeV) 7.0 63 57 54
Yy 00 o | MEer (Tev) 810 7.9 T4 T.0

5.0
45
4.0
3.5

T 100 " 1000
Integrated Luminosity, fo™

1fbl:  3.9-5.5 TeV for n=6..3
10 fb'l: 4.8-7.2 TeV for n=6..3
100 fb'1: 5.7-8.3 TeV for n=6..3
300 fbl: 5.9-8.8 TeV for n=6..3

Belotelov et al.,

L
g V. Kabachenko et al. CMS NOTE 2006/076, CMS&TDR 20(




ADD Discovery Limits Summary

Can use LHC to search for ADD ED with 0<6
0<=2 ruled out
My>2.1 — 1.3TeV (n=2, 7) from Tevatron

Photon+Met CMS
Discovery above 3.5 TeV not Jet+Met ATLAS
possible in this channel Mpasq)™X(TeV) [8=2 | 8=3 | 3=4
MD= 1- 1.5 TeV for 1 fbl LL 30fb! 7.7 6.2 5.2
2 -2.5TeV for 10 fb! m
3 .35 TeV for 60 fb-l HL 100fb 9.1 7.0 6.0

CMS Exchange limits:
1fbl: 3.9-5.5TeV for n=

ATLAS Exchange Limits

100 fb-1: 5.7-8.3 TeV for n
300 fb-1: 5.9-8.8 TeV for n

¥y AT 100 -t M (TeV) a1 7.9 7.4 7.0

6..3

10 fb-l: 4.8-7.2 TeV for n=6..3 10 fh=" | M2e (TeV) 7.0 63 57 54
6..3
6..3
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LHC: Black Hole Signatures

Dimopoulos and Landsberg PRL87 (2001) 161602

e Inlarge ED ( A )D ) scenario,
when impact parameter smaller than
Schwartzschild radius Black Hole produced with
potentially large x-sec (~100 pb).

e Decays democratically through Black Body
radiation of SM states — Boltzmann energy
distribution.

Discovery potential (preliminary)
- M, <~4TeV &> <~ 1day
- M, <~6TeV > <~ 1year
Studies continue ...

Seminar, QMUL
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Experimental Signature for RS Model “

/C Bulk

Planck

AN AR I A BN DA K/Mp|
do/dM 1021

e /G KK e>:jcitadti0|?_j 5 czlaln be
eV ited individually on
- o\t\—J'—‘ (p %-0-4 msinance

.~ 1 extra warped 106 - /\,\—

dimension ol LHC 10.1
Signature: 10% 11500 GeV Gy, 10.05
Narrow, high-mass resonance states 10| 3nd subsequent tower-s
. . ) 10 J10.01
in dilepton/dijet/diboson channels 1000 3000 5000

M, (GeV)
09,99 - Gy — €€ 4" 1y, jet+ jet

Model parameters: B
gE : . /\ M € Rert
P , . Grawty Scale.. P,
£ 1stgraviton excitation mass: m;— position
" ‘;_ A= mM /kx, & m, =kx ek(J,(x,)=0)
N {/ : e Coupling constant: c= k/M,,
; //“f k = curvature, R = compactification radius
- 10 b T ;%aﬁtanhém{‘rﬂ‘?s Seminar, QMUL Davoudiasl, Hewett, Rizzo

November 2008 hep-ph0006041 449
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E

e Graviton decaying to ee or yy (U1) Old B
e Backgrounds: Searches
— Drell-Yan eg, direct yy production
— Jets: fake e, 0 - vy, o
e Data consistent with background )

Tevatron RS Searches "

Limits on coupling (k/M;, ) vs m(1st KK- mode)

[ D@ Run Il Preliminary, 1.115' |

—=— data

|:| instrumental background

— total background

CDF performed ee & yy search, then combine

Di-Electron Invariant Mass Spectrum

2
-
=

-
[ -]
TT TTT

1E

10}

5:._: £ CDF Run Il Preliminary [ oo

@ " . & Drell-Yan

g 10 E [ Jet Background

- r EWK+yy Background
o

£10°;

@ E _ -1
N I L dt =819 pb
[

Z10°

Tracey Berry

_\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\ L‘\\\‘\\\\‘\\\
50 100 150 200 250 300 350 400 450 500

Di-Electron Mass (Gercz)

kapI vs RS Graviton Mass Exclusion Plot

= 0.1
E_0.1_||||||\||‘||\|||||||||||||||||\||\|_En- :Te\fatronRun"Pre"minary
= E CDF Run Il Preliminary 132 0.090
= 0.08F 3 s . 1
EILdt= 0.8-1.2" 3 Duaz—CDF:w +ee (08-1.2fh)
0.08F U N 1
- F—— DO:yy +e'e (1.1fb )
0.07F 4 007
0.06F S 006f
0.052— —f 0.05f— excluded region
0.04f 7 o004
0.03F- < 0.030
0.02;— — 0_02;
0_021: T W N N N A E : | | | | |
7 . 1 | NS N [ N [ N S N S A N I I
00 300 400 S00 600 00 800 900 0 0210{] 300 400 500 600 700 800 900

Graviton Mass (GeV/c’)

Seminar, QMUL
November 2008

Invariant Mass (GeV)

DO performed combined ee+yy
(diem search)

ka“Mpl vs RS Graviton Mass Exclusion

Graviton Mass (Gev!cz)

42



RS: CDF ee 2.5 fbl "

L =2.5f
—=—data
[ |Crell-¥an

maco

1 20 3 40 500 &M T 800 96 1000
M{ee) (GeVic)

eMost significant excess at
m. ~ 240 GeV (3.8 sigma)

Tracey Berry

Il Cther SM

CDF Run II Preliminary
Cross Seclion Upper Limis (35%.CL, spin-2) || = 2.5 fp”
51 F —— Dhservation
~ —-- Expectation
8 /M =0.1
J — kiM=0.07
£ — kiM,=0.025
ﬁ | —
1 11]= — /M =0.01
[-3
L
. ® -
1500300 400 500 600700 600 9007000
W, (GeVic))
CDF Run Il Preliminary
kM, vs. A5 gravition mass
z
Som

Seminar, QMU
November 20( _

850 GeV/c?
/M, =0.1

w0 @0
M (GeVic') 43




RS: CDF pu 2.3 o2 W

. CDF Il preliminary I Ldt=231fb"
At high mass, the observed —
width of the dimuon -~ Tolbackgrouns
invariant mass distribution —— Hadmn fakes
is dominated by the track
curvature resolution:

-
(=]

A
'

WW

L Cosmic Bays
I &'

events / (3.5 TeVicd)™
o
;4]

Resulting in an

approximately constant
resolution in.

om-~1 iy R 0.17 TeV-1,

m;, (c*TeV)

Hep-ex:
arZXiv:0811.0053v1

Seminar, QMUL
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Search strateqgy

e To construct templates of
the inverse invariant mass
distribution for a range of Z'
boson pole masses,

e add the background
distributions to the
templates,

e and compare the templates
to the m , distribution
from data in the search
region m, > 100 GeV

(m+,, <10 Tevl)

RS: CDF pu 2.3 fbt

-
=
=

events / (3.5 TeVic9)™
o
[ 4]

CDF Il preliminary der=z.3 fb™

= —— Total backgraund

L — Hadmon fakes

—— Data

— Dmall-Yan

Cosmic Rays
W
— 1t

m;, (c*TeV)

eThe simulated templates (including backgrounds) are
normalized to the data in the 70 GeV < m__ < 100 GeV

normalization region.

Tracey Berry

Seminar, QMUL
November 2008 45



CDF Il limi J-Ldfa23fb'1
I
a ol
— ...

— T
= o
= o B R
RN IR 0 S N %
Q
& 4o
10° Ern R
X RN
= C
=
o T
% ................. .— —+ — Madian of Pseudo-Experiments i
am— 68% of Pseudo-Experiments
-! 2 P 95% of Pseudo-Experimants
- i —#— Dala
dﬂl s KM =00
P I — M= 0015
sm““ """" KM = 0.025
8 Ul KM = 0035
................................ I WM = 0,05
RSP RP KM =007
M, 0 _
-3 I | 1 I I | I L | 1
107 2 4 6 8 10

MZ. (c*/TeV)

These results exceed
the CDF ee channel

Best present limits —
almost at 1 TeV

Tracey Berry

RS: CDF pu 2.3 fbt

CDF Il preliminary

‘I. Ldf=2.31b"

- 1
o o
5 N - —+ - Pseudo-Experiments’ Median X
- 68% of Pseudo-Experiments .
3: : P 95% of Pseudo-Experiments i
....... . Data
,T ... . I KW, =001
o . M, =0015
E : kM, =0.025
B [ =
10 = | ] k."MFI =0.035

by ol i k."MPI=U.05

=] Co =007

2 o M, = 00

o e o =0
=

1 =2
=110
[

5
=
)
Y
o

-3 L i 1
1% 02 04 o6

CDF Il preliminary

1 |-B I |1 I |1-2| I |1-4| |
M, (TeVic?)

L =223 fp’

Graviton k/Mp,

| Mass Limit, 95% CL (GeV/c?)

0.1

921

0.07

824

0.05

746

0.035

651

0.025

493

0.015

409

Semin:
Novernr

0.01

293




-
&
0.BR(G—Z2)=292fb (RS model) S
— expect of 0.66 G—ZZ — eeee £
events produced in 2 fb! of data. &
In Search region:
Meeee 500 - 1000 GeV/c?

Estimated background:

0.028 +/- 0.009 (stat) +/- 0.011 (syst)

Observe

zero events

Limit:
ox BF(G — ZZ) <~ 4 pb for
Myeaviton = 200-800 GeV

Seminar, QM
Tracey Berry eminar, O

4.5
4
3.5
3
2.5
2
1.5
1
0.5

November 2(

CDF:. G—=ZZ —eeee

“

CDF Run 11 Preliminary, 1.1 fb"

R

1 WZ

12z

B Z e

N 2 —

B w—eV

[ ] Herwig dijet pr =40
= Data

L

200 400 600 800 1000

m,,,. (GeV)
CDF Run II Preliminary, 1.1 fb"

6 * BF( G — ZZ )(pb)

1(:r3—§

107

600 800 1000
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At the LHC only the 1st excitations are  do/dM 102t

likely to be seen at the LHC, since the  (pb/GeV)
other modes are suppressed by the
falling parton distribution functions.

Allenach et al, JHEP 9 19 (2000), JHEP 0212 39 (2002)

LHC RS1 Discovery Limit

S|
a

Davoudiasl, Hewett, Rizzo
hep-ph0006041

ARRAREE RRARERARES AR RARR Y @/ Y/
KK excitatigns can be
xcited individually on
‘lgi\/\l\_\"isonance
106 \‘\ K,\_
- LHC 10.1
1011500 GeV Gy, 10.05
1010l and sul?sequent tolwe teS'O'Ol
1000 3000 5000 '
M, (GeV)

e Best channels to search in are G(1) - e+e- and

G(1) - yy due to the energy and angular
resolutions of the LHC detectors

relatively small bkdg, from Drell-Yan®

Allenach et al, hep-ph0006114 #Allenach et al, hep-ph0211205

Seminar, QMUL

Tracey Berry November 2008
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&

e G(1)-e+e- best chance of discovery due to :

5
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A e e b e b b b
109

05 1 15 2 25 3

35

Graviton Mass {TeV)



N\ RS1 Discovery Limit "

eSearches perfomed in ee/mm/gg and dijet channels L Belotelov et al.

CMS NOTE 2006/104

Di-electron/Di-muon states CMS FTDR 2006
e Bckg: oo | S
e Drell Yan Sou :
[ZZ/WW/ZW/ttbar & [ ‘igg-flb_l i & 3
1%00 1100 1200 1300 1400 1500 1600 1700 1800 1901.1' ':nun 1%00 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Dimuon mass, GeV Dimuon mass, GeV
Di-photon states M.-C. Lemaire et al. _
. . CMS NOTE 2006/051 Q g excited quark
e Two photons in the final state s pror 2006 =0F e
 Bckg: prompt di-photons, QCD hadronic jets < 10PE T i T
. * C -======- Wprime
and gamma-+jet events, Drell-Yan e*e- o 105 S\ | cremr ASgravion (M, =0
8] F
* 1 =
Di-jet states S NS e
O
 Bckg: QCD hadronic jets B | o ffme s
. o | e 059 C.L limit
50 Discovered Mass: 0.7-0.8 TeV/c? 5 10 0™ St Erors Only ‘
K. Gumus et al. 104&lietatalst, 1 1
Tracey Berry CMS NOTE 2006/070 1 2 3 4 S

N CMS PTDR 2006 —



CMS RS Discovery Limits :

G-p'w

LN B A O R LS R 1 S B L L S R ||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 3
2 CMS Discovery Limit of (3}
= :
2 Randall-Sundrum Graviton G 2 ] 4 T E v 1
[R5l < Mg 10 fb 30 b _66-f5 o 101 30fb _soT
01 i 10_1 o . n«; 10
o
E
o
;
WAL AT _ N
j #ean Ay Discovery Limit of
ya 10 ‘H?)- s Randall-Sundrum Graviton
/" 300fb” G2y
CMS - Full simulation
0.01 EN RN R R R W W G W and Reconstruction
500 1000 1500 2000 2500 3000 3500 102 |} |

Graviton Mass, GeV/c’ 05, f 4§ 2 25 3 35 & ME" &

Solid lines = 5o discovery ' ' M (TeV/c) Graviton Mass (T}
Dashed = 1o uncert. on L

Theoretical Constraints
e c>0.1 disfavoured as bulk curvature becomes

to large (larger than the 5-dim Planck scale)

» Theoretically preferred A <10TeV assures no
new hierarchy appears between mg, and A

Seminar, QMUL
Tracey Berry November 2008 S0
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RS1 Model Determination "

How could a RS G resonance be distinguished from a Z' resonance?
Potentially using Spin information:

G has spin 2: pp - G- ee has 2 components: gg-G-ee &
gqg - G - ee: each with different angular distributions:

1 s

M.=1.5 TeV
100 fb'!

oof

-
[+,]
T

08

uon Fraction

Events/0.2
=

5 07

w
w0

086

y
K
T

0.5 [
!
0.4 10 C

0.3

LHC

02

0.1

O T[T T[T [T [T TT T[T [ TTTT o

s 1 by b s e b s b s sy | N \
05 1 1.5 2 25 3 35 H ‘.II 4

lqq—>G—>ff:1—3(30526’—I-—.ﬁl-(_zézs‘lff»’ _
g9 — G — ff:1—cos*d %1 0.5 0 0.5 1 0

cos(0%)

Spin-2 could be determined (spin-1 ruled out) with 90% C.L.
up to Mg = 1720 GeV with 100 fb!

Note: acceptance at large pseudo-rapidities is essential for spin discrimination (1.5<|eta|<2.5)

0 L

Seminar, QMUL Allanach et al, hep-ph 0006114
QLEGRVBRILY November 2008 51
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ATLAS CSC Note:RS G—ee Searches“

Reaches/Search limits for new physics being investigated (CSC)...
Backgrounds for X—ee /up/ 1t studied & cuts developed

b@fore selection requirements after selection requirements
o ATLAS : ATLAS  _ oeiven

=
>

)

8107 -
-E- E -

3

o]

e Wiy
—y
—— W+j

=1

Ji. Standard Model

o= .
——Z4 0-3 — -0- j+y

~—w, €*e- Backgrounds | e wH
—e— Drell-Yan Fo- ”
e 24y

-0=—q

= R
1074 =% i
E. - =

______

- -fh- AP e O
O=_p- ——— Ommom_,_ E .
—-Om=—f= "'—--_'_ - — - ) "9 =
=OC8-a- . _ e o= 10 53:

- - - - -
-t - v - =*= =f=a-

-t e (]

1000 1500 2000 2500 3000 1000 1500 2000 2500 3000

Source of background: " Cuts:

— (irreducible) Drell-Yan — Reje=10% R. 5o =10, Pt and

— Jet>e, y>e contamination egﬁggogi‘,p;d#a%&reﬁ & Re.gamma

— eand p production from Zand W _ 4 prell-Yan is the dominant
decay background

T B Seminar, QMUL
racey Berry November 2008 52

-~ CERN-OPEN-2008-020 ..



RS Model G—ee
[l s
Selection 500GV | 750GeV | 10TV [ 12TV | 13TV | 14TeV Drell-Yan
(650 < M (GeV) < 800)
Generated | 1874 211 260 24 253 268 177
Acceptance | 1724 259 6 212 %0 253 164
hline Trigger | 1687 249 29 206 233 45 159
ElectronD | 1280 18. 169 130 159 162 148
Pr>65GeV| 1257 171 163 128 156 159 146
cosAg, <0 | 1225 170 160 125 151 153 140
Efficiency  [65.6+1.1% (64.44+1.0% [61.7+£1.1% [56.3+1.1% |56.4+1.1% |53.9+1.1% 60.841.0%
g—lo.osz —a— 50 Discovery Limits
0.025 :" —— 30 Evidince Limits
- L dt=1.0fb
5o discovery with 1 fbi: ool TV
up to mG*=1.5 TeV 0.0t}
0.013—
CERN-OPEN-2008-020 0.005)~
Tracey Berry s o

“

2 loose electrons
DY extrapolated using:

0.3
6£Ep2'2M

ATLAS

IlIl|lIllllllllllllllll[lllll

L I 'l 1 I L
1200 1400
Graviton M (GeV)

N I
800 1000
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What if the detector Is not perfect "

Immediately!/Experimental Issues!

ATLAS has been investigating...

| Z' SSM model mass spectrum |

“ Nominal
> F ; m
E.g. Spectrometer and tracker not aligned £*°- & 0 ZEguﬁﬂ
Calorimeter calibration not optimal ... D25 v 300um
Lo E
a2 [ 0, e
Mis-alignment of muon spectrometer s cf.ce
downgrades the mass resolution af A
— for Z’>up most important wosE .g‘i"' 9
systematic. ot
— Affects the reconstruction 400600 800 1000 1206'1'406'*606'1'% o

efficiencies and sensitivities

Misalignment (um) | Nominal 40 100 200 300 500 700 1000

Relative loss

0984 0984 0984 098 0973 0948 0918 0877

CERN-OPEN-2008-020
Seminar, QMUL

Tracey Berry November 2008
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an the EM calorimeter be use
in a stand-alone way to find a Z’—ee or G—eelyy?

vl )

nepr-»

ei.e. not include the tracker or the HAD calorimeter?

.'I- 105 |||||||||||||||||||||||||||||||||||||||||||||
Challenge! g — Z'+Drell-Yan
o 10“' mhﬂﬂ% .. .
e Wgﬁﬂ —— Di-jets LJi
= 10° ﬂwwﬂ*ﬁ#“ﬂ¢ —— v4jet Xvdi
g i ¢¢Wﬂ¢¢?¢ Tl =
2 e o
LE__ 10 m%ﬁwwm
2 10 z,
S A, o
1 ~ .
L

E» SR *ﬂﬁmﬂjtp b

102 [-After trigger and i fh‘iff Eﬂﬂﬁﬁf
= kinematic cuts

A

-3
10500 600 700 BOO 900 1000 1100 1200 1300 1400 1500

M,, (GeV/c?)

ATL-PHYS-INT-2008-020
Seminar, QMUL

Tracey Berry November 2008 35
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Electron Identification/ "
Background Rejection

e Usually involved matching a EM cluster
with a track to distinguish from vy

o What if the tracker is misaligned?

e To reject background from jets

e Electron ID usually includes a
Had/EM cut

e (Can the EM calorimeter be used
in a stand-alone way?

e ji.e. notinclude the tracker or the
HAD calorimeter?

AENT

The EM calorimeter is expected to operate smoothly peginning o

taking, even if the rest of the ATLAS detector is not operating smoothly — tested
for 10 years and in situ

Seminar, QMUL
Tracey Berry eminay, Q

November 2008 56
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RS G-V "

Interesting study for Z'—ee with EM calorimeter only: also applied
alTeV G -y
Developed 3 simple and robust cuts :

e Based on EM calorimeter only
e n-independant cuts

EM based electron ID cuts

o Ll R S R B B i B B B B A R B B 5
=3 7
Resonance appears clearly 8 1o ) :g:;: o
above the dominant QCD e - { TeV b
background with 100 pbt of £ sy S 1€ E
- + Py b -
LHC data 5 10 1 t ﬂa”awuu?v%lw =
hr oy e
(AT
10°
10-4506 Ifl:iléllill | I';'IZIIIZII | IiBEIlEII - Eli!tlillll | I1IIZI|I}III:-I I1I1|IZIII}I I1I.'!|IZIII}I I1I3|IZIII3I I1I4|IZIIDI I1I5lZII}
M,, (GeV/c?)
assumes a production cross-section of 0.3 pb
ATL-PHYS-INT-2008-020 a large coupling between graviton excitations and SM particles (¢ = 0:05)
Tracey Berry Novermber 2008 57
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TeV-1 Extra Dimension Model "

I. Antoniadis, PLB246 377 (1990)
e Multi-dimensional sEace with orblfoldmg

New Parameters
R=M."1 : size of the compact

(5D in the simplest case, n= dimeSsion
e The fundamental scale is not Iancklan
My ~ TeV p M. : corresponding

compactlflcatlon scale

o Gauge bosons can travel in the bulk M, f the SM b
= Search for KK excitations of Z,y.. - Mass ot the Sl gauge boson

Characteristic Signature: KK excitations of the gauge G. Azuelos, G. Polesello
bosons appearing as resonances with masses : S kK KEEJ D'reft ?0-1140 (2004)
M, = V(M,2+n?/R?) where (n=1,2,...) & also pp - Z,KIy, <~ ee
interference effects! 10% . o

1

e Fundamental fermions Igluarks/Ieptons) can be
localized at the same (M1) or
opposite (M2) points of orbifold

= destructive (M1) or constructive (M2)
interference of the KK excitations
with SM model gauge bosons

nts/80 GeV/100 fb

\

Je

—_
=]

10

Seminar, QMUL

Tracey Berry November 2008




I¥5 Present Constraints on TeV-! ED "

DO performed the first dedicated experimental search for TeV-! ED at a collider

Search for effects of virtual exchanges of the KK states of the Z and y
Search Signature: Signal has 2 distinct features:
»enhancement at large masses (like LED)

>negative interference between the 1st KK statwe Z/y and the SM

Drell-Yan in between the Z mass and M.

\d'EM Mass Spec‘hﬂ DY Run Il Prellmlnary

pp - Z, KKy K - ete

e 2 high p; isolated diEM objects
e Bckg: irreducible: Drell-Yan
Also ZZ/WW/ZW/ttbar

Events/10 GeV

Lower limit on the compactification
scale of the longitudinal ED:

MC>1.12 TeV at 950/0 C_L_ 0 100 200 300 400 500 6((:;0IE|\;|00MaSSOOS (9;0;\/1000
Better Limit: from precision World Combined Limit M->6.8 TeV

at 95% C.L, dominated by LEP2
Trac welueucl:ltroweak data M:24 Gev e IMeasurements
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TeV-1 ED Discovery Limits

ATLAS expectations for e and y:
2 leptons with Pt>20GeV in |n|<2.5, m>1TeV
Reducible backgrounds from tt, WW, WZ, ZZ

PYTHIA + Fast simu/paramaterized reco + Theor. uncert.

"t -t
=) =
L

Events/50 GeV/100 fo"

'
=L

-
=

]
N

—-
[ =}

“*mm .

4000
my, (Gav)

=
]

/Oru

ﬁ(rﬂ'zu)'_,é#é-'/u...u_. ey
L Worse -
resolutlon;

“

In ee channel
experimental
resolution is smaller
than the natural
width of the Z(1), in
Up channel exp.
momentum resol.
dominates the width

2 TeV e in ATLFAST:
AE/E~0.7 %
~20% for p

Even for lowest resonances of M. (4 TeV), no events would be observed for

the n=2 resonances of Z and y at 8 TeV (M, =

2+n2/R?)), which

would have been the most striking S|gnature for thISOkInd of model.

Tracey Berry

Seminar, QMUL
November 2008

G. Azuelos, G. Polesello
EPJ Direct 10.1140 (2004) 61
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TeV! ED Discovery Limits "

V) /ZM) ete futy
ATLAS have studied 3 methods to determine the discovery limits

for this signature: model independent & dependent
1) Model independent search for the resonance peak— lower mass limit

2) 2 sided search window — search for the interference
3) Model dependent — fit to kinematics of signal
2 leptons with Pt>20GeV in |n[<2.5, m;>1TeV

5
nepr-»

L Meser ] Event kinematics* can be fully
" E\ "‘fl A | defined by the 3 variables
L _] .E."rJJI ‘1 ._:I: B % = -1 =1 JE—
o E -__g=5 il 11‘ " s B i hH
o J ] el
: 2000 Idolml Im"_ -JOD 1008 I1z|:1cI : I'.LID:III "—e00 ' 7soo0  2ooo he X2 B P T

L, 5
G000 &
m, (Gev) n1(!+P) m, (GeV)

For (ee+up) using this method, the reach is

M (R1)<5.8 TeV :100 fb-t  ~8 TeV for L=100 fb

13.5 TeV with 300 fb!

~ -1
10.5 TeSV fOFQ:iBP fb G. Azuelos, G. Polesello
eminar, .
Tracey Berry November 2008 EPJ Direct 10.1140 (2004)62
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TeV-1 ED Discovery Limits

Di-electron states (Z,, decays)

» Two high p; isolated electrons
in the final state

e Bckg: irreducible: Drell-Yan
Also ZZ/WW/ZW /ttabr

Luminosity (fb™)

With £=30/80 fb-1 CMS will be able
to detect a peak in the e*e invar.
mass distribution if M-<5.5/6 TeV.

50 discovery limit of
KK Z production

pp - Z KKy KK S ete-
(M1 model)

=

M (TeV/c?)

B. Clerbaux et al.
CMS NOTE 2006/083

Seminar, QMUL CMS PTDR 2006b

November 2008



LHC Start-up Expectations "

Model Mass reach Integrated
Luminosity (fb1)
ADD Direct G | My~ 1.5-1.0 TeV, n = 3-6 1
ADD Virtual My~ 4.3-3TeV,n=3-6 0.1
Gy My~ 5-4TeV, n=36 1
RS1
di-electrons Mg, ~1.35- 3.3 TeV, ¢=0.01-0.1 10
di-photons Mg,~1.31- 3.47 TeV, c¢=0.01-0.1 10
di-muons Mg, ~0.8- 2.3 TeV, c=0.01-0.1 1
di-jets Mg;~0.7- 0.8 TeV, c=0.1 0.1
meVal (Z G S eV 1

Seminar, QMUL
Tracey Berry November 2008 64



Conclusions "

Lots of different searches & channels being used to search for Extra Dimensions!

The discovery potential of both experiments makes it possible to investigate if
extra dimensions really exist within various ED scenarios at a few TeV scale:
Large Extra-Dimensions (ADD model)
Randall-Sundrum (RS1)
TeV-! Extra dimension Model

Reaches in different channels depend on the performance of detector systems:
proper energy, momentum, angular reconstruction for high-energy leptons and
jets, Et measurement, b-tagging and identification of prompt photons

New results have been predicted with data of an integrated luminosity<1 fb!
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The End!
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