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Extra Dimensions: Motivations e

In the late 90’s Large Extra Dimensions (LED) were proposed as a

solution to the hierarchy problem

My (1 TeV) << M, (101° GeV)?

A D Arkani-Hamed, Dimopoulos, Dvali,
Phys Lett B429 (98)

Many (d) large compactified EDs
In which G can propagate

Mp? ~ RMpy(44.5) %+

Effective M, ~ 1TeV - if
compact space (R?) is large

Randall, Sundrum,

F s Phys Rev Lett 83 (99)

1 highly curved ED
Gravity localised in the ED

Planck TeV brane
AN
TR = e N~ TeV

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 dimensions?

e “String theories” predict that there are actually 10 or 11
dimensions of space-time

 The “extra” dimensions may be too small to be
detectable at energies less than ~ 101° GeV

— To a tightrope walker, the tightrope is one-
dimensional: he can only move forward or backward
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Extra Dimensions

 More than the 3 space + 1 time dimensions we experience
 The “extra” dimensions could be hidden to us:

— E.g. they are small that only extremely energetic particles
could fit into them

(so we need high energies to probe them)

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

like something that was forced to @3%\3 /{33

reside on the surface of a tabletop, D

being unaware of any such thing as C = )

up or down. ) N
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Extra Dimensional Models

A . D Arkani-Hamed, Dimopoulos, Dvali, Q G

Phys Lett B429 (98)
(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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Main phenomenologies under study at the LHC

e Large Extra Dimensions (ADD): only gravity in the bulk
e KK Graviton Direct Production - Missing E; signature
e KK Graviton Exchange - Drell-Yan
e Randall-Sundrum Model
e KK Graviton - TeV resonances
e Radion - Higgs-like signature
e TeV'! Extra Dimensions: also gauge fields in the bulk
e KK gauge bosons — multi-TeV resonances
e Different o, running
e Universal Extra Dimensions: all SM fields in the bulk

e Through radiative corrections, spectrum of KK resonance: SUSY-
like phenomenology

e Semi-stable KK resonances of quarks
e Black-Hole production
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Experimental Signatures of ED

Covered in this talk

e Single jets/Single photons + missing E-
(direct graviton production in ADD)

e Di-lepton, di-jet continuum modifications
(virtual graviton production in ADD)

e Di-lepton, di-jet and di-photon resonances
(new particles) in RS1-model (RS1-graviton) and
TeV-1 ED model (ZK<)

e (Single leptons + missing E;
in TeV-! ED model (WXK)

e bb tt resonances
in TeV-1 ED model)

Seminar, Southampton
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# Present/Past ED Search Facilities

Tevatron, Fermilab, USA
| e LEP, CERN, Geneva

CERN: world's
largest particle

physics laboratory
—

. —
bt Iy~ P
St

Tevatron: H ihes1'
energy collider
operating in the world! LEP | s =91 GeV

Runl Vs =1.8 TeV LEP Il Vs = 136-208 GeV
Run Il Vs = 1.96 TeV
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acilities!

Bigger Collider & Detectors!!

Future ED Searct;

LHC: proton — proton collisions
Higher center of mass energy
Vs = 14 TeV
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% Large Hadron Collider

The is LHC the world's largest particle accelerator
It accelerates protons to 99.9999991 % of the speed of light!

A chain of accelerators to reach the required energy
Protons circle the 27km ring 11000 times per second!

Tracey Berry Seminal\l;l,aflozuéggmpton 12






The LHC is kept at a super cool by the

‘cryogenic distribution system', which

S\ M circulates superfluid helium around the
= |accelerator ring.

| ATt is at temperature of -271.3°C (1.9 K)
\ - even colder than outer space!

Just one-eighth of its cryogenic distribution system
would qualify as the world's largest fridgel!



Collisions

protons > < protons

7 TeV 7 TeV
(Tera-electronvolt)

head-to-head collisions energy = 14 TeV
7 times the energy of any previous accelerator

The collision generate temperatures more than
100 000 times hotter than the heart of the Sunl

600 million collisions per second

Tracey Berry Seminahl;l,aio;(t)ggmpton

15



CMS

A Compact Solenoidal Detector for LHC

Total weight  : 12,500t
Overall diameter : 15.00m
Overall length ~ : 21.60m
Magnetic field : 4 Tesla

y

Royal Holloway
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©) ATLAS and CMS Experiments [

Large general-purpose particle physics detectors

A Toroidal LHCApparatuS Compact Muon Solenoid

Muon Detectors

/ ‘\ \
/\ ) \\ Forward Calorimeters
\ Solenoid \\
\ \\ /
2 \ \ \ /
\ nd Cap Toroi
\ /

. 1I’!_llﬂ!!\_l!IIIN!IIIB'!IMLIIIEIII!IIIII\II-IIII;H-I;II-I ra llll 7..
e el |
"

I I B -,.u

i R

Total weight 7000 t a;;’:;'ﬁt*;'gkg TT:";Q CMS-PARA-001-11/07/97  asee
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

Tracey Berry Seminal\r/l,aflozuéggmpton 17
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ATLAS

Largest volume particle detector ever constructed!

Overall
diameter
25 m
ATLAS is half the size of Himuta
Notre Dame Cathedral 3
Tracey Berry Seminar, Southampton
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Detectors

Building 40 at CERN

6 storeys
high
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ATLAS

Total weight: 7000 tonnes
= 100 jets (empty)
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Data

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

Sounding 1 year
ballon /| HC data
(30km) = (~20 km)
Concorde o
(15 km) =

Mont-Blanc |-

(4.8km)

, . lyear
ATLAS
; datal
Tracey Berry (7km) 22




ﬂdﬂll'l

e
m
z

=

a

]
l
B

=

University of Lo

The Computing Challenge

alyse itl

00, 000 PC y neﬁeded' to'an

dis

i

ibuted computing network




A )D Model

Arkani-Hamed, Dimopoulos, Dvali, phys Lett B429 (98), Nuc.Phys.B544(1999)

(Many) Large flat Extra-Dimensions (LED),
could be as large as a few um Q

G can propagate in ED
SM particles restricted to 3D brane

The fundamental scale is not planckian: Mpy= Mg 4,5 ~ TeV

Model parameters are: 2 > RO (2+9)
= 3 = number of ED Mo” ~ RMpia.g)
= M;,(4+8) = Planck mass in the 4+& dimensions

For My, ~ 101° GeV and Mpy4,5 ~Mgyw — [R ~103%2x10717 cm

Tracey Berry Seminal\rll,aflozuct)ggmpton
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Present Constraints on the A )D Model

Mp” ~ RWpy(445*

For Mp, ~ 10%° GeV and Mp445 ~Mgy — |R ~10°%°x101 cm

> 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 LHC

Can detect at collider detectors via:
“sgraviton emission
“Or graviton exchange

*Cullen, Perelstein
Phys. Rev. Lett 83,268 (1999)

Tracey Berry Seminal\rll,aflozuct)ggmpton 25




ADD CO”Ider Slg natu reS Roval Hollowsy

> Real Graviton emission in association with a vector-boson

Signature: jets + missing E;, V+missing E; g
o depends on the number of ED 9.9 :
- et,
o . | , 9,9
®qq — 9G ® q9 = 4G ® g9 = gG
q 9 q - por g > g G
T g - q

IV

77 g g¥ g e ﬁq)g %f’v
6,9 3

>Virtual Graviton exchange
Signature:

', - o
Ll

- - - . 2:|||||_||||||_|||:
deviations in ¢ and asymmetries of SM processes . " | Broad incresce in G
e.g.qq - I*I, yy& new processes e.g.gg - I*I" § 1} spaced summed:

. . ) . Excess above Y102 AT )
. | ( di-lepton continuum = | M OTTY
N 8'% 107 F Sk LTy
. - g J25 py
y . - 4| COF Run I \%;"3'“
: S e AN IR DS |
Tracey Berry Seminar, Southampton 00 400 600 800 1000
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Present ADD Emission Limits

LEP and Tevatron results are complementary
> 5 : o G
. - ’ 3 T
e a r /g'a ~
I >< emission

For n>4: CDF combined

For n<4: LEP limits best Y+ME; limits best
. -] ERR— | CDF Run :I Preliminary _: CDF RUHH Preliminar}f, JE-E/’Y+E-|:
E 14 E !gg,ﬁ :TE:E’ET.O fb'1)1 é N LED Uggs fb “H'irJGDbS GeV
£ e oot 2 26.3 | 1420
i | ee—— 3 3.7 1160
2 4 46.9 1060
> 5 52.7 1990
6 56.7 950
2 3 4 5 6
Number of Extra Dimensions
Tracey Berry Seminar, Southampton 27
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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

most stringent TeV, using different formalisms:
collider limits on | GRw HLZ for n= Hewett
LED to date!
2 3 4 5 6 7 | A=+1/-1
DO Run II: pp 1.09 | 1.00 | 1.29 | 1.09 | 0.98 0.91 | 0.86 | 0.97/0.95

DO RunII: ee+yy \| 136 | 156 | 1.61 | 1.36 | 1.23 | 1.14 |1.08 | 1.22/1.10

DURun I+11:€ee+Wl 143 [ 161 | 170 | 143 | 129 | 1.20 | 1.14| 1.28/NA |

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

DO perform a 2D search in invariant mass & angular distribution

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

Y _ se"
e v ID requires no track, but y converts ( - ee) M\,e-

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

Tracey Berry Seminal\rll,aflozuct)ggmpton 28



Present Constraints on the A )D Model

Mpi> ~ RMpy445 %+

For Mp, ~ 10%° GeV and Mp445 ~Mgy — |R ~10°%°x101 cm

> 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 LHC
»>LEP & Tevatron limits is My 4,5 ~> 1TeV

»>0>6 difficult to probe at LHC since cross-sections are very low

*Cullen, Perelstein
Phys. Rev. Lett 83,268 (1999)
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Real graviton production pp - y+GKK

Q yG = high-p; photon + high missi
At low p- the bkgd, particularly

ng E;

ADD Discovery Limit: y+G Emission

Integrated Lum for a 50 significance discovery

irreducible Zy - vvy is too
large= require p:>400 GeV

[ Main Bkgd: Zy - vvy,
Also W - e(pu,1)v, Wy- ev,
y+jets, QCD, di-y, Z%+jets

A Signals generated with PYTHIA
(compared to SHERPA)

Bkgds: PYTHIA and compared to,

Mp /n n=2 n=3 n=4 n=>a n==6
Significance} s=2(V(S+B)-vB)>5
Mp=10TeV |02t b7 [ 016 b~ | 014 b7t | 015 71 | 015 !
Mp=15TeV | 083 b~ | 050 = | 056 b~ | 061 ' | 0359 fb~!
Mp=20TeV | 28 b | 20 b | 1o | 216" | 23 b7
Mp=25TeV | 99 fb™' | 827" | 877 | 94 ™' | 109 !
Mp=3.0TeV | 478 b~ | 464 7" | 644 b1 | 1008 7' | 2612 b7
(W = 35 TeV S0 iﬂ'ﬂ'}' not possible anymore >

SHERPA/CompHEP/Madgraph (B’
Using CTEQ6L
 Full simulation & reconstruction

O Theoretical uncert.

Mp= 1- 1.5 TeV for 1 fb!
2-2.5TeV for 10 fb!
3 - 3.5 TeV 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

Tracey Berry y
ay
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p"
ner-4e

ATLAS
pp-y+G 1 qg - yG*«

Rates for M= 4TeV are very low £
o)

M MAX (TeV) | 5=2 %

HL 100fb! | 4 G

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:

-1
10

y+G Emission

Royal Holloway

University of London

L.Vacavant, I.Hinchcliffe

ATLAS-PHYS 2000-016
3. Phys., G 27 (2001) 1839-50

e =14 TeV =,

R \\-\ -'"#.
|||||||||||||||-H|-HI'"|'-'||||||1‘|\‘1""ﬂ..'|||1'1.||||I

||'|‘] <25 - B0t truncation

M, =2 TeV o=3

= background [y + Z[vv) )

sl =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

Seminar, Southampton

May 2008
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Real graviton production  pp - jet+GKK
99 - 9gG, qgaqs &3~ Gg

Dominant subprocess 3=

Evants [ 20 GeV

QSignature: jet + G = jet with high transverse | <= -
energy (E;>500 GeV)+ high missing E; & %‘Q‘;:.ﬂ_ﬂ
(E{Miss>500 GeV),
Q vetos leptons: to reduce jet+W bkdg mainly .
Q Bkgd.: irreducible jet+Z/W - jet+vv /jet+lv

jZ(wv) dominant bkgd, can be calibrated © = =

using ee and pp decays of Z.

¥: ADD Discovery Limit: jet+G Emission

| fwiges), W)

[] W)

L | J&{vew)

= wotal background

® signal é=2 mp = 4 Tal

signal =2 M, =8 TeV
& signal =3 Mg=5TeV
B signal &=4 Mg = 5TeV

0 ISAJET with CTEQ3L Discovery limits

A Fast simulation/reco Mpiara)™(TeV) | 8=2 |6=3 |d=4
LL 30fb-1 7.7 6.2 5.2
HL 100fb-1 9.1 7.0 6.0

L.Vacavant, I.Hinchcliffe, ATLAS-PHYS 2000-016

Tracey Berry Seminal\rll,aflozuct)ggmpton
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ﬁ E

nepr-»

ADD Parameters: jet+G Emission [

To characterise the model need to measure My and o

Measuring o(pp - jet+GKK) gives ambiguous results

Events | 20 GaV

nepr-»

—l JW{Tv)

va= 14 TeV ‘
o] L pwieny, iwg —
100 fi ’% g

[
.‘ﬁ"',. — total background
10 ‘b.'r
Mo ® sighal =2 M, =4 TeV
P, signal =2 M, =8 TeV
T T a signal =3 My =5 TeV
S, B signal =4 My =5TeV
“‘a‘_m
'k
107 B2t
10
-2511 A =00 m I?_;.u-' . -m:nu- I.|z;n 1500 " y7m0

[:]0]
E misa (GeV)

Use variation of o on Vs
o at different Vs almost
independent of My, varies with

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

:0_13 e e e .............. ............ ............ o
SO S N NS N N N S
012 - - P pp— g ...E.... - .‘....5".. = ..-ﬁ-=2

NS S N W I S A S
e e e e o e

: 0.06 :_ .......... ............ .............. _ .............. ............ ............ ............

Tracey Berry Seminar, Southampton

Run at two different Vs
e.g. 10 TeV and 14 TeV, need 50 fb-!

0.18 :_cr{ﬂi TCV}J’G‘{'T“TEV} ‘E“tq,1'|'g.\r |.1J9I|(3

004 [ Lo e L S b L

Y R —— b AR A AT A T b

1 2 3 4 5 6 T 8 9 10
Mp (TeV)

L.Vacavant, I.Hinchcliffe, ATLAS-PHYS 200%%16

May 2008 1.'Phys., G 27 (2001) 1839-50



ADD Discovery Limit: G Exchange

Virtual graviton production

% 105 M
pp — GK S up ':: 13:2 b ADD Discn:;ver_-.r Limit
o a0 - :
O Two opposite sign muons in the g oe |
final state with Mpp>1 TeV =
70 F
QIrreducible background from Drell- i
Yan, also ZZ, WW, WW, tt 55 [
(suppressed after selection cuts) r
Q PYTHIA with ISR/FSR + CTEQS6L, 40
LO + K=1.38 . i :
A Full (GEANT-4) simulation/reco + R T . P
L1 + HLT(riger) Integrated Luminosity, fo™
O Theoretical uncert Confidence limits for
| 1fol:  3.9-5.5 TeV for n=6..
d u and tracker misalignment, trigger ] Ot;b'l' 2 z; g TeV for n_g g
and off-line recon. inefficiency, + 167/.2 1EVIOF N=0..
acceptance due to PDF 100 fb-1; 5.7-8.3 TeV for n=6..3
300 fb1: 5.9-8.8 TeV for n=6..3
Tracey Berry Seminar, Southampton Belotelov et al., 34
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p"
nepr-s

Virtual graviton production

channel

ADD Discovery Limit: G Exchange

Royal Holloway

Un]-;.'nr.lilf of London

luminosiv
M (TeV) 63 56 5.1 4.9
@A 10 b S/B 36/18 36/18 39/25 34/13
A
. MM (TeV) 79 7.3 67 6.3
100 fh! S/B 50/53 62/96 55/72 51/53
MmeT (TeV) 66 59 5.4
10 b S/B 33/14  31/8  30/6
- M@ (TeV) 7.9 7.0
100 fh! S/B 19/48 36/16
10 fb=! | MPe (TeV) 7.0 63 5. 5.4 _ o
VYA 100 b7t | MmeT (Tev) 81 7.9 7. 7.0 CMS Confidence limits:

V. Kabachenko et al.
ATL-PHYS-2001-012

Tracey Berry

Fast MC
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1 fbl: 3.9-5.5 TeV for n=6..3

@.2 Tem>
1; 5,7-8.3 TeV for n=6..3

300 fb-1: 5.9-8.8 TeV for n=6..3

Belotelov et al., 35
CMS NOTE 2006/076, CMS PTDR 2006



ADD Discovery Limits Summary

Can use LHC to search for ADD ED with 0<6
0<=2 ruled out
Mp>1TeV from Tevatron

Photon+Met CMS

Discovery above 3.5 TeV not Jet+Met ATLAS
possible in this channel Moiarg"™(TeV) | 5=2 [3=3 |5=4
Mp= 1-1.5 TeVior 1 fb LL 30fb-L 77 |62 |52
2 -2.5TeVfor 10 fbl
3 - 3.5 TeV for 60 fbl HL 100fb-1 9.1 7.0 6.0
CMS Exchange limits: N .
ATLAS Exchange Limits
1fbl: 3.9-5.5TeV for n=6..3 - J
1. 4,8-7.2 TeV for n=6.. D 10 fh=" | M2e (TeV) 7.0 63 57 54
-1: §.7-8.3 TeV for n=6.. VYA 100 bt | Mmer (Tev) 810 790 74 7.0
300 fbl: 5.9-8.8 TeV for n=6..3
Tracey Berry Seminar, Southampton 36
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e

Planck

Experimental Signature for-R-S Model

Bulk

e B

Signature:

Narrow, high-mass resonance states
in dilepton/dijet/diboson channels

—
=

ching Fraction (

-
=

Bran

1 extra warped
dimension

09,99 —» Gy — €'e U U1 ,pyy,jet + jet do/dM 102 KK excitations can be
(pb/GeV) \\ ited individually on
S0 104+ \]\ res]?nance

- —— L o
1.5 2 25 3 3.5

Graviton Mass (TeV)

Model parameters: _

e Gravity Scale: A= Myt
1stgraviton excitation mass: m,— position
A= mM,/kx;, & m =kx eki(],(x,)=0)

e Coupling constant: c= k/M,,

M =pm;x2 (kM,)> — width

k = curvature, R = compactification radius

U

S I I IR B I K/Mp|

10°T o~ /\,-\_
- LHC 10.1
10% 1500 Gev GKKJ\ 1005

" and subsequent towe‘rstéQeS' '
1010t 11w 10 .01
1000 3000 5000
M, (GeV)

Davoudiasl, Hewett, Rizzo 37
hep-ph0006041
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Present RS Constraints

Un]-;.'nr.lilf of London

Di-Electron Invariant Mass Spectrum k!Mpl vs RS Graviton Mass Exclusion Plot
~ 105 E = H a 0-1 TTTT TTTT TTTT TTTT TTTT T T TTIFTIT TT
81t (D@ Run i Preliminary, 1.115' | N CDF Run Il Preliminary [ g, =" [ cDFRun il Prelaminar‘y ' =
% —— data Q@ o = Drell-Yan = 009 -
gma [ instrumental I background g 10 3 [ Jet Background F J. Ldt= 0.8-1.2fb" ]
Eﬂ)z —— total background "“-, F l:l EWK+yy Background 0.08 - —

- i B
g T10°: 0.07 =
£ 10 E - e 3]
5 - I L dt =819 pb™ : ]
1 o 0.06F 3
Z10° E :
10 i d 0.05F 3
10° 0.04 =
..................... L, - —— E ]
100 200 300 400 500 600 70|gvari83(310t MaQSOSO(G;\?)OO 0-03} _:
DO performed combined : 002) E

10‘1 L1l | L1l | L1l | L1l | L1 1 | L Ll L L | [ | LUl
50 100 150 200 250 300 350 400 450 500

ee+yy (diem search) 0 o0 S w0 0 0 i

Graviton Mass Ge\h‘cz)

CDF performed ee & yy search, then combine

kr‘Mpl vs RS Graviton Mass Exclusion

=" 0'15 Tevatron Run Il Preliminary Present EXDerimental lelts

= 0.09F 1 &
ogsp  COFYr*ere (081210 Theoretical Constraints
o07p DOy rete (i) e ¢>0.1 disfavoured as bulk curvature
0.067 becomes to large (larger than the 5-
0.052— excluded region d|m Plaan Scale)
0.04
o.03E. e Theoretically preferred A <10TeV
0.02E. assures no new hierarchy appears
0.0 b e T L b L between mg, and A

00 300 400 500 600 700 800 900

Graviton Mass (Gev/c’) 1inar, Southampton 38
May 2008



5
nepr-»

At the LHC only the 1st excitations are  dg/dM 102

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)

10
108+

RS1 Discovery Limit

Royal Holloway
University of London

hep p 0006041

..I----|""|""|""|'IIIK/MP|

KK excitatigns can be

xcited individually on

104k —fesonance
| { 11

K,\_ 01

1500 GeV Gy, 10.05
1010l and sul?sequent towe teS'O'Ol
_ 1000 3000 5000 '
Best channels to search in are G(1) - e+e- and M, (GeV)

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

of the LHC detectors

G(1) - e+e- best chance of discovery due to
relatively small bkdg, from Drell-Yan*

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

Seminar, Southampton
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RS1 Discovery Limit

University of London

Di-electron gw [signat
0 HERWIG

d Main Bkdg: Drell-Yan 2

A Model-independent analysis 1:

Q RS model with k/M,=0.01 as a reference oy .
(pessimisitc scenario) ) ) =

Q Fast Simulation o 14*80‘ R

e'e” Pair Mass (GeV)

c. B (fh)

A Test model cross section
® Cross section limit

*Reach goes up to 3.5 TeV for c=0.1 for

a 20% measurement of the coupling. Sensitive at up to 2080 GeV

-1

Allenach et al, hep-ph0006114 #Allenach et al, hep-ph0211205 1¢

. 560 1000 1500 20I00
Tracey Bel’l’y Semlnarl Southamptor Graviton mass (GeV)
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I. Belotelov et al.

Events per 25.GeV

. University of London
Di-lepton states CMS NOTE 2006/104 : ; ; : -
CMS PTDR 2006 z CMS Discovery Limit of *u
n\-;:llsmee\c';J::n.l;Inngradeumlnnelw:mnm" 2 n\-_.=I15mGeV;c=n.m;lnwgrwaLumlnnew:lmr:r'I I I % Randall-Sundrum Graviton G1 - l'l l'l
000 BN B I S 0.1
L o c=0.01 __| i o :
wf 0L 5 100 b1 allowed region Solid lines = 5g-discovery
- 100 fbt g : 34
o & 30 Dashed="1g/uncert. on:
g As<10 TeV,” th _,‘I'"OTbJ‘ A :
1%03 1100 1200 1300 1400 1500 1600 1?0[;]&&;%00 1%00 1100 1200 1300 1400 1500 1600 1?0[;]&&@23( 4
e Two muons/electrons in the final state TR BN 2 N —
500 1000 1500 2000 2500 3000 3500
Graviton Mass, GeV/c?
e Bckg: Drell-Yan/ZZ/WW/ZW /ttbar P
(& ]
e PYTHIA/CTEQ6L sor [Rsl < M2 10 730 b 60-165

RS1 Discovery Limit

Royal Holloway

e LO + K=1.30 both for signal and DY

e Full (GEANT-4) and fast simulation/reco
e Viable L1 + HLT(rigger) cuts
e Theoretical uncert.

B. Clerbaux et al.
CMS NOTE 2006/083
CMS PTDR 2006

e Misalignment, trigger and off-line reco
inefficiency, pile-up
Tracey Berry

102

Seminar, Southampt
May 2008

Region of Interest

2 2.5 3 35 4 45 5
M(TeWc)



Di-photon states

e Two photons in the final state

e Bckg: prompt di-photons, QCD hadronic jets
and gamma-+jet events, Drell-Yan ete

e PYTHIA/CTEQSL
e LO for signal, LO + K-fa

RS1 Discovery Limit

Coupling Parameter c

ctors for bckag.

e Fast simulation/reco + a few points with

full GEANT-4 MC
e Viable L1 + HLT(rigger)
e Theoretical uncert.
e Preselection inefficiency

Di-jet states

e Bckg: QCD hadronic jets
e L1 + HLT(rigger) cuts

M.-C. Lemaire et al. 442

CMS NOTE 2006/051

cuts CMS PTDR 2006

K. Gumus et al.
CMS NOTE 2006/070
CMS PTDR 2006

50 Discovered Mass: 0.7-0.8 TeV/c?

Tracey Berry

Seminar, Southamptol
May 2008

Royal Holloway

University of London

2
IR < M;

107! e T

30 _6

Discovery Limit of
Randall-Sundrum Graviton
Gy

CMS - Full simulation
and Reconstruction

0.5 1

4.5 5

1.5 2 2.5 3 3.5 4
Graviton Mass ITeWcz}
3 § —_ excited quark
3 103 E—& C_O 1 -=-===-- axigluon
G E B E6 diquark
Q o I k ) -+=+=+= Color Octet Technirho
< 10°F —— Zprime
* N --=-=-=- Wprime .
o 10g J— RS graviton (k'M, =0.1)
o E NI e T
* 1E e
c g
S f
o 10 :
% 1 0_2 [| ==t 5 sigma discovery
A F
9 1 0_3 : = G5% C.L limit
O £ lum=10fb",Stat. Errors Only
10-4E_I“Ietqta|q1ll |I 1 1 1 | 1| 1 | 11 1 | 1
1 2 3 4 5 12
Mass (TeV)



KM,

0,1

G-phw

CMS Discovery Limit of
Randall-Sundrum Graviton

G —=pu

allowed region

A=10TeV 1, /101" /4

{00t/

A

T T T : T T T T
500 1000 1500 2000 2500 3000 3500
- 2
Graviton Mass, GeV/c

LHC completely covers
the region of interest

Tracey Berry

CMS RS Discovery Limits

c>0.1 disfavoured as
bulk curvature
becomes to large
(larger than the 5-dim
Planck scale)

Theoretically preferred
N, <10TeV

Royal Holloway

University of London

Coupling Parameter ¢

Randall-Sundrum Graviton

Discovery Limit of
G-y
CMS - Full simulation

and Reconstruction
L I L. I

G,-e'e
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\II
[&]
IRyl < M2 10 fb'30 b 6@ 15"
10" 5 -
102

c—y — = - =

M (TeV/c?)

3

35 4 4.5 5
Graviton Mass {TeWcz:l
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RS1 Model Parameters

Royal Holloway

Un]-;.'nr.lilf of London

A resonance could be seen in many other channels: yy, vy, jj, bbbar,
ttbar, WW, ZZ, hence allowing to check universality of its couplings:

I'oint My, S (TeW) 5:10‘ -
Channel 1,10 | 1,20 | 1,30 2,10 | 2,20 | 220 S4,10 | 3,20 EE ]
ete— 16 | 33 | 53 || 54 [ 1120171 [ 1581 | 307 3 -
ptp— 1.9 4.5 a2 6.2 | 152 | 282 || 15.1 | a=.7 ®
P 1.2 | 29 5.2 a9 | 8.8 | 152 || 10.5 | 2a.0 %“’- o B
L 11.6 | 449 | - as.2 | - - - - E& e
zZ 13.7 | 50.1 - 527 - - - - _f
34 19.0 |[v7.0 | - | @810 - - |l se0| - R
Relative precision achievable (in %) for measurements P
of 0.B in each channel for fixed points in the Mg, A I AT
plane. Points with errors above 100% are not shown. ° * ' " % G

Graviton Mass (TeV)

Also the size (R) of the ED could also be estimated from mass and cross-
section measurements.

Allenach et al, hep-ph0211205
Allenach et al, JHEP 9 19 (2000), JHEP 0212 39 (2002)

Seminar, Southampton
May 2008
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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 &
gq - G - ee: each with different angular distributions:

M.=1.5 TeV
100 fb'!

2
o 09
o
w
c 08
o

Events/0.2
=T o

5 07
99

y
K
T

05

-
o
T

0.4

LHC

02

[ANS

pbe e v Lo v b b v Lo b i Lo |
0 05 1 1.5 2 25 3 35

rqq — G — [f: 1 —3cos20 +4cost
gg — G — ff 1 —cos*d 03 -0.5 0

(%] £ [+ ] o
— o L

0.5 1
cos(0%)

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

Note: acceptance at large pseudo-rapidities is essential for spin

discrimination (1.5<|eta|<2.5)

Tracey Berry Seminah%aflo;(t)ggmpton Allanach et al, hep-ph 0006114 45
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I. Antoniadis, PLB246 377 (1990)

TeV-1 Extra Dimension Model e

Un] r.li'F [L ndon

e Multi-dimensional sEace with orblfoldmg
(5D in the simplest case, n=

e The fundamental scale is not pIancklan
My ~ TeV

. Gauge bosons can travel in the bulk

New Parameters

R=M."1 : size of the compact
dlmenS|on

Mc : corresponding
compactlflcatlon scale

M, : mass of the SM gauge boson

— Search for KK excitations of Z,y..

Characteristic Signature: KK excitations of the gauge

bosons appearing as resonances with masses :
M. = V(M,2+n?/R?) where (n=1,2,...) & also
interference effects!

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

Tracey Berry Seminar, Southampton M =

May 2008

TTTTIT T T TTIT T 1137
P

E/

G. Azuelos, G. Polesello

EPJ Direct 10.1140 (2004)

pp - Z, KKy, KK - ete-
T ] A

4 TeV

1

nts/80 GeV/100 fb

e

—
=]

10 L3 ! 1
2000 4000

m, (GeV) m

et+e-

(GeV)

40



¥ 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 1t KK state qf the Z/y and the SM
Drell-Yan in between the Z mass and M.

diEM search 200 pb-! )
Lower limit on the compactification

scale of the longitudinal ED:
Mc>1.12 TeV at 95% C.L.

Better Limit: from precision
electroweak data M.>4 GeV

World Combined Limit M->6.8 TeV w | H e
at 950/0 C L domlnated by LEP2 10-30 100 200 300 400I =5-00 I600I 700 800 900 1(;00

\d'EM Mass Spec‘“}'d DQ Run 1 Prellmlnary

Events/10 GeV

measurements diEM Mass, GeV
Tracey Berry Seminar, Southampton 47

May 2008
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TeV! ED Discovery Limits 2

ATLAS expectations for e and u:

2 leptons with Pt>20GeV in [n|<2.5, m,>1TeV Ier)‘( eeeriﬂl‘gr’:t’;el'
Reducible backgrounds from tt, WW, WZ, ZZ res?olution ic smaller
PYTHIA + Fast simu/paramaterized reco + Theor. uncert. than the natural
e — . 1 10 1) 2L e e width of the Z(1), in
0% M= 4TeV = Y[z e J /uV\;lorse . Up channel exp.
- HHH M2 . a o 10 :\ Thelhe |”[| reso|ut|ort momentum resol.
e s 3 f forp | | dominates the width
IS l | 10k A < 5 |
soef o { | & | |2 TeV ein ATLFAST:
& 1 Ml ..5':L .I :.15--. 10": "F;—:-_HI ! :.::-.:E:s;? : ~
iy ﬁﬂf o4E BL LT‘ L 2 AE/E~0.7 %
i ! i 1 = ) ~200°
w0 SM g ?.?_J”_ R T 20% for p
2000 . .:GET,-D:,GG m{e+e_)lﬁﬂ0i 000 ?-l?::'[g.}vj Sﬂﬂﬁl\(l_‘_l_)aﬂﬁﬂ

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/R2)), which
would have been the most strlklng S|gnature for thISOkInd of model.

G. Azuelos, G. Polesello
Tracey Berry Seminar, Southampton EPJ Direct 10.1140 (2004) 48

G. Azuelos, G. Polesello (Les Houches 2001 Workshop Pro¥ee8|ngs) Physics at TeV Colliders, 210-228 (2001)
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TeV! ED Discovery Limits  HE2EES
Yy /ZWete [ty

Several Methods have been used 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

L et | "L luw | Eventkinematics* can be fully
oE wh LR e [l | defined by the 3 variables
13 1{:; 1 1 by B -
) L,:—:"';'rj 1 '::"-;-:--. | . : LL . i % .-
o ; L i ; o 'L ,J _|] .
’ p:_:srn'{J!L' ) '40?}:?-1 -60_00_ ) .':;icénloo ° °HJHI : :3*--6_’!]]”"; . S

mcevy  m(l*l7) 2000 o o) 6””,%( ) 8000

G. Azuelos, G. Polesello

Tracey Berry Seminal\r/iatzlozu(t)ggmpton EPJ Direct 10.1140 (2004) 49



Method 1: Lower Mass Limit JESzEs

102 T —3

e Model Independent ) \ N > M= 4TeV
Simple number counting technique. _H 1; i
Naive reach estimate for the observation of an 1 Y o \L __ :
increase in the m, distribution eVt

. ee | _

Choice of lower bound g R oo lmw%(hi; )ﬁ
For each different M. value: Number of evente ex ”‘;‘C;e‘d )
lower bound on m, is different: M mass of P

lowest lying the peak for L = 100 fb!

chosen such to keep as much as KK excitation Mo Signal  Bkdg

possible of the resonance width

M.(GeVT ] Cut [GeV) | Nie) | Nig) | Nale) | Nalu)

: : : 10000 oo | 172 157 185 26
Arbitrary requirement for discovery: .':f.ItJ:J .uuiu 23 -ju 0.15 r_|.r.£'
require 10 events to be detected 500 woo | 9| 8| 015 062
above m; summed over the lepton | i S O et s | o
flavours, and a statistical significance| s G000 | 0.042 | 0,052 | 00015 | 0.012
S= (N-N.)/VN. > 5 For 100 fb-! using this method, the reach is
(N-Ng)/ VN Mc (R'1)<5.8 TeV (ee+pup)
Tracey Berry Seminar, Southampton 50
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Method 2: Mass Window |

k M. = 4 TeV

R ww ) :

1st approach to study the off-peak region:
> Evaluate N¢ and Ny within a mass range —

compare to w.r.t SM t
e+6' 100 fb_l |n Mass W|ndOW ] Id?:?or;;c\:f]m"_sdar?'\-(l;l_)lEJOD
1000< m_ <2000 GeV e'e
LA L
MAGeV) | Nie) || MAGeV) | Nig) 102 — =M —
SN | 498 8000 | 420 -~ F[F TN
R 225 A5000 428 I e =T e M=ETEV 4
ST 310 D) 434 % -
SHUI 3439 L0000 447 % 10 =
B0 364 11000 455 M ]
7000 3046 12000 465 ]
1:lI3lIlI I I12|:lI3I ! I'A‘—IZIIII ! I1-3!IIIZ: I 1BIIIIIII ! E;IIIII
my, {GeWV)
» For ee+pp channels, the ATLAS 50 reach is ~8 TeV for L=100 fb-! and
~10.5 TeV for 300 fb-l

Better limit than the M. (R1)<5.8 TeV (ee+pp) for 100 fb! using lower bound
method 1 to search for the resonance

Tracey Berry Seminal\r/ias;ogct)ggmpton 51
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e Model Dependent

Use the full information in the events, not just m,

Event kinematics* are fully defined by the 3 210
variables s
An optimal measurement of M. can be obtained ;

by a likelihood fit to the reconstructed s
distributions for these 3 variables.

With 300 fb1 can reach 13.5 TeV (ee+pup)

Tracey Berry Seminal\rll,aflozuct)ggmpton

Method 3: Optimal Reach and
Mass Measurement

i3 M. = 4 TeV

Y /ZM)sete fpty

) hhln; Liiﬂ E;?: -
-2 ﬁi ES hﬁﬁ”Jll.J ji“m

10 Lk

[REH i 1 Lok SHE i
2000 4000 . % BO0C
m, (Gav) {E = )

52



TeV1ED Dlscovery Limits Ky lrey

Di-electron states (7, decays) -

 Two high p; isolated electrons £ 80 5a discovery limit of
in the final state Z 70 KK Z production
e Bckg: irreducible: Drell-Yan _E 60 pp - Z,<€ly,*¥ - e*er
Also ZZ/\WW/ZW/ttabr E (M1 model)

—
e Signal and Bkgd: PYTHIA, 40

CTEQ61M, PHOTOS used for inner 3¢

bremsstrahlung production 20

e LO + K=1.30 for signals, ‘o R
LO + K-factors for bckg. g

e Full (GEANT-4) simulation/reco Y R —

with pile-up at low lum. (~1033cms1) M (TeV/c?)

e L1 + HLTrigger cuts With £=30/80 fb! CMS will be able

| to detect a peak in the e*e invar.
* Theoretical uncert. mass distribution if M.<5.5/6 TeV.

B. Clerbaux et al.

i CMS NOTE 2006/083
Tracey Berry Seminar, Southampton M-S PTDR 2006b

May 2008
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Model Discrimination Ry oy

How could a 4 TeV Z W/\(1) resonance be distinguished from a 4 TeV Z’ or
Randall-Sundrum Model Graviton ?

4 TeV resonances
Z(1) or Z' or RS Graviton?

ATLAS Look at the angular distributions
of the decay products

10

' Note: Zand Z(M) : spin-1
! G : spin-2

10 ' [ g
2D MDY LTI
- - - - GE‘\I‘J
Mass distributions are normalized to a
luminosity of 100 fb1
Tracey Berry Seminar, Southampton G. Azuelos, G. Polesello 54

May 2008 EPJ Direct 10.1140 (2004)
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Distinguishing Z() from Z’, RS G

o z wm - ;z:-:mﬂ][

T

111 11 o :|||||||||||||||||||

IIIIIIIIIIIII
0.5 o 0.5 1 -1 0.5 a 0.5 1

".l ll
lﬂ' : |‘ e

-1

cu:l:Q'] cu:-:Q']

0" TES L E Y J . %H
2D S GLILILE] -
GeV s b

Select events around the peak of the
resonance 3750 GeV < M_, < 4250 GeV i o)
Plot cosine of the angle of the lepton, : T i HHH H
w.r.t the beam direction, the frame of | * _HH w
the decaying resonance. s 1[I } : Bl gt

Angular distributions are normalized to 116
events, the number predicted with a
luminosity of 100 fb! for the Z(I/\(1) case
Tracey Berry Seminar, Southampton 55
May 2008 G. Azuelos, G. Polesello EPJ Direct 10.1140 (2004)

(+ve direction was defined by the sign of reconstructed
momentum in the dilepton system.)



\
nepr-x»

10

Distinguishing Z() from Z’, RS G

Spin 1 Z(1) signal can be distinguished from a spin-2 narrow graviton resonance
using the angular distribution of its decay products.

Z(1) can also be distinguished from a Z' with SM-like couplings using the
distribution of the forward-backward asymmetry: due to contributions of the
higher lying states, the interference terms and the additional V2 factor in its
coupling to SM fermions.

The Z( can be discriminated for masses up to about 5 TeV with L=300fb1.

Forward-backward asymetries:

Z) or Z' or RS Graviton? : 4 TeV resonances

LR, | :'* (L] ", T

-1 " +++ l‘ ;
10 - i
2D D N ‘“"w-w - L1 _ me IIIII o
GeV i 56 i "
Tracey Berry Seminar, Southampton G. Azuelos, G. Polesello 2

May 2008 EPJ Direct 10.1140 (2004)



Experimental Uncertainties

Systematic uncertainties associated with the detector measurements

e Luminosity

e Energy miscalibration which affects the performance of e/y/hadron
energy reconstruction

e Drift time and drift velocities uncertainties

e Misalignment affects track and vertex reconstruction efficiency -
increase of the mass residuals by around 30%

e Magnetic field effects - can cause a scale shift in a mass resolution
by 5-10%

e Pile-up - mass residuals increase by around 0.1-0.2%

e Trigger and reconstruction acceptance uncertainties

- Affect the background and signal

e Background uncertainties: variations of the bkgd shape - a drop of
about 10-15% in the significance values

Tracey Berry Seminal\r/ias;ogct)ggmpton 57



heoretical Uncertainties

e QCD and EW higher-order corrections (K-factors)
e Parton Distribution Functions (PDF)
e Hard process scale (Q?)

o Differences between Next-to-Next-to-Leading Order (NNLO), NLO
and LO calcalations

- affect signal and background magnitudes,
efficiency of the selection cuts,
significance computation...

Tracey Berry Seminal\rll,aflozuct)ggmpton

58



PDF Impact on Sensitivity to ED jEgis

Extra dimensions affect the di-jet cross section through the running of a..
- S0 could potentially use o deviation to detect ED
Parameterised by number of extra dimensions & and compactification scale M...

10 '65 — T 1 l |||||||||||| m 10 6 T 3 10 ': — T T T T T T T T T T T T T T T ]
—7E 7 E s
0 ¢ — 10 10 = =
Mc= 2 TeV s
0 g E 10 E 0 .
_of ] -» ] 9F
10 92— E 10 E LU E
- ; ; -10 7 ,105
10 105 EPDF 10 3 10 E E
F SM 3 _ 3 _ %
_uf 3 a-11f, . 1
0o juncertai L
-2p 10 ) N 10 712; E
1w e 2XD E ) 3 aE E
-13f ] ; L 3
10 L / 4 10 0k J
~14F

E 10 =

B -15 ;
3 10 = .

_14§ 4XD E 10 -14

10 E =
N st 6XD / T E 0"
? 7% -16

16
E oo e e el 1 10 =0 TR A = w = P T T S st R
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 500 1000 1500 2000 2500 3000 35! 00 4500 5000 5500 500 1000 1500 2500 3000 3500 4000 4500 5000 5500

= PDF uncertainties (mainly due to high-x gluon) give an uncertainty “zone"” on
the SM cross sections

" This reduces sensitivity to M. from 5 TeV to 2 (3) TeV for 6= 4, 6 and
for =2 sensitivity is lost (M-.<2 TeV)

Seminar, Southampton
Tracey Berry May 2008 Ferrag, hep-ph/0407303



LHC Start-up Expectations

Model Mass reach Integrated Systematic
Luminosity (fb-1) | uncertainties

ADD Direct Gy, | My~ 1.5-1.0 TeV, n = 3-6 1 Theor.

ADD Virtual My~ 4.3-3TeV,n=3-6 0.1 Theor.+EXp.

Gy My~ 5-4TeV, n=236 1

RS1

di-electrons Mol S5 58 1, @=Ll 10 Theor.+Exp.

di-photons Me,~1.31- 3.47 TeV, c=0.01-0.1 10 (only stat. for

sllel M,~0.8- 2.3 TeV, c=0.01-0.1 1 di-jets)

dies Mc,~0.7- 0.8 TeV, c=0.1 0.1

MeNal(Z ) M =S liev 1 Theor.
Seminar, Southampton 60

Tracey Berry

May 2008




Conclusions

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-1 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-!

Tracey Berry Seminal\r/ias;ogct)ggmpton 61



Royal Holloway

University of London

The End|

Backup slides...
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Schedule:

March —

Apri

'S | Royal Holloway

Un]-;.'nr.lilf of London

Month | Date System Requirements, Parallel Shifts
remarks

Week 13 | L1Calo + CTP 3 days Starting work with

24/3 - Calos when ready

30/3

April Week 14 | Calos+L1Cal+HLT 1 start testing tdag-01-

31/3 - 6/4 | week 09

Week 15 Available for Decide/install new

7/4 - 13/4 | Muons 11/4 (WE?) systems + CTP offline release by 7/4

tests April 7-10 Tile laser

testing 2>
unavailable

Week 16 | Muons 14-16/4 Available for ID standalone tests

14/4 - Tile 17/18 systems + CTP w/o CTP

20/4 tests No Tile LB for 10
days, EB available

Week TDAQ/HLT week ID ROSs inuse | ID standalone

17 tests w/o CTP;

21/4 - BCM .

27/4 Integration?

Vidy ZUU8

Page 64




Schedule: May

Royal Holloway

University of London

Month | Date System Requirements, Parallel Shifts
remarks
April Week 18 | L1Calo+Calo run?
28/ - 29/4
May Week 18 | 3days TRT + 3 Days SCT |Sub-systems:
30/4 - 4/5 Transition to tdag-01-
09
Week 19 | 2 days ID combined Towards end of week Start of magnet test
5/5 — 11/5 | running including Pixel after transition to 01- ~HLT algos
DAQ 09 available
May 12/5-18/5 | Calo+L1calo+HLT -Timing, calo DQ, Week days: morning expert
Week debugging, high rate, work; evening calo + central
20 algo tests desks
- Finish with a stable
week end run? WE: 24/7 calos + central desks
Week | 19/5-25/5 | Muon+L1Mu+HLT -Same as above Week days: morning expert
21 work; evening muon (calo?)+
- Finish with a stable | central desks
week end run? with WE: 24/7 muon (calos?) +
calos? central desks
Week | 26/5-1/6 ID+DAQ+HLT -Same as above Week days: morning expert
22 -Dedicated DAQ test work; evening ID (Muon/calo?)
Tragcey Berry| Beam pipe closure ~ SemingfSoutbigeiotoesting + central desks 65

]ag bebge HLT
testing

Page 65
WE: 2417 ID (miinon/calns 2) g—




Schedule: June

Royal Holloway

Un]-;.'nr.lilf of London

Month | Date System Requirements, Parallel Shifts
remarks
June Week 23 No Tier-O! Magnet test
216 — 816 FDR-2
Week 24 Magnet test
9/6 — 15/6
Week 25 LHC cold? Magnet test
16/6 —
2216
Week 26 Magnet test
23/6 —
29/6
July Week 27 |ATLAS running ? h
- Slides are used for discussion in run meeting
—>Master schedule (including interventions) is at:
http://cern.ct‘/atlas-run-sche_dule _
Linked from Operations page, to read:
Membership in atlas-gen@cern.ch and
NICE username/password
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Royal Holloway

First Collisions?  %&==

MANCHESTER

When do we start shifts? TR

Preceding test periods have
Slimos RunC Da SL SubDet their own arrangements

W18: 30/ — 445
W19 5/5 — 11/5

A

Start of full magnet test

W20: 12/5 — 1875
W21: 19/5 — 25/5
W22: 26/9 — 146
W23 2/6 — 5/6

A

Closure of ATLAS beam pipe

W24 95 — 15/6
W25E: 16/6 — 2246
W2e: 23/6 — 29/6

N

Machine cooled down T

1 month?

i
T

1 month?

W2T: 30/6 — 6/7

W2B: 77 — 137 .
<«——— ~ First beam

W29: 1477 — 20/7

W30 2177 — 277

W31 28/7 — 3/8

W32 4/8 — 10/8 <«—— ~ First collisions ’L

W33: 11/8 — 1778

W34: 18/8 — 24/8

W35 25/8 — 31/8

W3e: 1/9 — 7/9

Start shifts when they
are needed, with 2-3

T— Night weeks warning
Evening Page 8

W3T: 8/9 — 14/8

Morning
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W, decays

L Isolated high-p; lepton >200 GeV +

missing E; > 200 GeV

d Invmass (I,v) (m,)> 1 TeV, veto jets

O Bckg: irreducible bkdg: W - ev,
Also pairs: WW, WZ, ZZ, ttbar

O Fast simulation/reco
Sum over 2 lepton flavours

For L=100 fb1 a peak in the
lepton-neutrino transverse
invariant mass (m;") will be
detected if the compactification
scale (M= R1)is < 6 TeV

If a peak is detected, a measurement of the
couplings of the boson to the leptons and quarks

Events/50 GeV/100 fb

-
o

10

can be performed forM - upto~5 TeV.
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W, _decays

If no signal is observed with 100 fb-110~
a limit of M- > 11.7 TeV can be
obtained from studying the m &
distribution below the peak:

1

—
o

Here: suppression in o

- due to —ve interference (M1)
between SM gauge bosons and
the whole tower of KK excitations

- sizable even for M. above the ones1° '
accessible to a direct detection of
the mass peak.

TeV! ED Discovery Limits  |[FiEs

Events/5¢fGeV/100 fb
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- Can't get such a limit with W - pv since

momentum spread - can’t do optimised
fit which uses peak edge
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TeV! ED g* Discovery Limits

This is more challenging than Z/W which have leptonic decay modes

Detect KK gluon excitations (g*) by reconstructing their hadronic
decays (no leptonic decays).

Detect g* by (1) deviation in dijet o
(2) analysing its decays into heavy quarks

Coupling of g* to quarks = V2 * SM couplings
= g* - wide resonances decaying into pairs of quarks

Tracey Berry Seminar, Southampton 70
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Gluon excitation decays
qq - g* - bb,qq - g* ~ 1t

O bbar or ttbar jets “*-‘
QFor ttbar one t is forced to decay leptonically 3
Q Bckg: SM continuum bbar, :

ttbar, 2 jets, W +jets i

O PYTHIA
O Fast simulation/reco

Width expected to be -
r(g*e =2 aM where M=g* mass
—T(g*) ~ 200 GeV for M=1 TeV

For M=1 TeV natural width ~=

experimental effects (fragmentation and
detector resolution)

Events/40 GeVi3 b

Tracey Berry
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TeV! ED g* Discovery Limits [[EEmEs

Reconstructed mass peaks

Un]-;.'nr.lilf of London

1800 H
1200 -
- g* —-bb 15-:-3;— g-x bb
- J0o— "o 1400F-
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s | _ o 1000F- i .
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With 300 fb-! Significance of 5 achieved for:
bbar channel: R'1 = 2.7 TeV ttbar channel: R'! = 3.3 TeV
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TeV! ED g* Discovery Limits [fEees

T . 1800 = . .
1200 i H i
B H H " ao0l= &
- g*—bb 1eaf g*—bb
- ':||:|_|__ " 1400F
& - P C
S Lok [signal S 1200 [ signal
- -ﬂc_ W == -
= I -_cial backg = o : - Total backg
= C = 1000 i
o F [ Reducible backg ok i [ Reducibls backg
o W0 © 500
5 ©
= - £ ano
T 400 o G
o L 2
LU C wi 400
200 ) :
- 200 E
S0 £00 200 1000 12:|:l 1400 1800 1900 © 100D 1500 2000 2500 3000

m,. (GeV) m,. (GeV

Although with 300 fb! Significance of 5 achieved for
bbar channel: R'1 = 2.7 TeV

However, it is not in general possible to obtain a mass peak well
separated from the bkdg. = it is unlikely that an excess of events in the
g* - bbar channel could be used as evidence of the g* resonance, since
there are large uncertainties in the calculations of the bkdgs. For
M=1TeV the peak displacements could be used as evidence for new
physics if the b-jet energy scale can be accurately computed.
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TeV! ED g* Discovery Limits [EiEes

University of London

But in g* - ttbar, the bkdg is mainly irreducible and not so large.

= g* resonance can be detected in this decay channel if the tt-bar
o can be computed in a reliable way.

mE_ g* —{t 14:_ g* — 1t
= 600 o uf
ﬁ E I:l Signal E i I:l Signal
2 spof- - @ 10f
% - - otal backg 5 r : - Total backg
ﬂ 400 :_ |:| Reducizle backg .5 s E |:| Reducible backg
._\. - -
& amf :_\
5 F .
(@ 200 E

- L)
100
200 &00 800 1000 1200 1400 1800 1E00 QoG —Eht 2006 2500 2000 a%0n 4000 4500 ooo
m,. (Gev) m... (ZeV)
3

Conclusion:

g* decays into b-quarks are difficult to detect, decays into t-quarks might
yield a significant signal for g* mass below 3.3 TeV.

This could be used to confirm the presence of g* in the case that an
excess in the dijet o is observed.
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