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s Motivation and Models of Extra Dimensions
s Graviton resonance searches

s Searches with Missing Energy

s Black hole searches

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Motivation and Models

Extra dimension theories address the problem of unification of forces
and the hierarchy problem - why is My, so much greater than My,?

In ED theories SM fields usually are localized to 4 spacetime
dimensions, while gravity propagates in higher dimensions.

In the ADD (Arkani-Hamed, Dimopoulos, Dvali) family of models
@ Large flat extra dimensions
@ Gravity propagates into extra dimensions

@ M2 ~ Mp2™R", where M, = true Planck mass,

n = number of extra dimensions, R = compactification radius
@ Compactification of ED gives a Kaluza-Klein tower of closely-spaced
massive Graviton states which do not decay.
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Motivation and Models

Small extra dimensions

In the RS (Randall-Sundrum) family of models
@ One highly curved extra dimension
@ In minimal RS models, G propagating in bulk gives rise to

KK tower of ~TeV separated massive graviton states G2

a G's (spin 2) have k/Mp, coupling to SM fields Gl

@ Mg, mass of lightest graviton, in the TeV range for hierarchy /\

solution. AVARAY
Modified UED models
@ SM fields can propagate in the extra dimensions KK'g
a KK excitations for each SM particle KK q
a Lightest KK particle being y*. y*

@ At LHC, produce KK quarks/gluons cascade decay
to y*, followed by y* — y+G (no KK-patrity)

/\
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Searches for Graviton Decay

RS models
« Graviton decay to diphotons
e Graviton decay to dileptons

Extra Dimensions at ATLAS
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ATLAS has measured diphoton cross
section, finds good agreement with SM.
http://arxiv.org/abs/1107.0581
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@ Search for narrow heavy resonance In
diphoton invariant mass distribution

= RS models predict excited KK modes of G 9::% G ﬁi: Y
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Graviton :

diphoton

@ RS models predict excited KK modes of G
@ Search for narrow heavy resonance in

diphoton invariant mass distribution

Analysis -

Data: 2010 , 36 pb™*
Photon E; > 25, 25 GeV

Backgrounds : irreducible SM diphoton,

QCD y+jet, dijet.

Fit yy invariant mass (120 < My[GeV] < 500)
with sum of two exponentials to get '

background estimate.
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Graviton :

diphoton

Extrapolate fit to high masses for background
Signal templates from MC, mass window such
that 90% signal included.

10

10"

For example,
Ms=700 GeV, k/Mp, = 0.035 = 0%
> 0.2
Expect: 1.6 + 1.3 events 0.18
Data : 2 events 016
0.14
012
- 0.1
For kiMp=0.1, Mg <920 GeV ruled out. o.08
For k/Mp=0.02, Mg < 545 GeV ruled out. g-gj
0.02
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-044/
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G ra_VltO n ; Presented yesterday by Oliver

http://arxiv.org/abs/1108.1582

dilepton

Search for narrow heavy resonance in dilepton invariant mass distribution
Dilepton oB half as that for diphoton
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--- Expected limit
Ns=7TeV I Expected + 16
G* =l Expected + 20
— Observed limit
= /M, = 0.1
k/M, = 0.05
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pT > 25 GeV for e's and ['s.
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Searches for ED with E{™**

* ADD — Monojet + E,™SS
* UED — Diphoton + E,™SS

Extra Dimensions at ATLAS
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ADD model
KK graviton produced in association with a jet

Analysis -
Data: 2011 . 1 bt

Jet pr> 250 GeV, E;"'5S > 220 GeV

(no 2™ jet > 60 GeV, no 3" jet > 30 GeV, no
e/l pr > 20 GeV)

Background:
- Z+jets, W+jets from MC normalized to
data using events with leptons
- Multijet from data

Largest background is Z(—vv)+jets
followed by W(—tv)+jets
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o) rotrr ettt
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A o _
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Model independent limits on new physics 3 55 ' ' ‘ E
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£ 4 - —
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Number of Extra Dimensions
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-096/
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Yy + ETmiss

UED model:

Produce pair of KK quarks/gluons —
each — KK photon = G + vy

UED specified by R and A (AR=20)

n=6, Mp=5 TeV

10°

102

Events / 5 GeV

10

107

-2
10 0

Hear more in SUSY talk tomorrow

Analysis
Data: 2010, 36 pb™
Photon E; > 30,20 GeV

E. 7SS 125 GeV

Backgrounds
QCD:yy, y-+jet, multijet
W+jets, tt

G [pb]

Expect: 0.1 £ 0.06 events
Data o) events

Exclude 1/R < 961 GeV

107?

http://arxiv.org/abs/1107.0561
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Searches for black holes

Within context of ADD models, when Vs > Mg

black holes can form when impact parameter of collision
Is smaller than higher dimensional Schwarzschild radius.

@ BH produced with masses between a minimum M, and Vs
(M4 > M, Imposed by hand, M1,/Mp >> 1 physical regime)

@ BH decay via Hawking radiation, with burst model from BLACKMAX
used for remnant when black hole mass < Mp,.

ATLAS searches
* Multijet
 Like-sign

Extra Dimensions at ATLAS 14



Black holes :

multijets

Analysis -
Data: 2010 , 35 pb™*

Signal region
5ormore jets—N; =5
with Yp; > 2 TeV
Leading Jet p;> 250 GeV, other jets p; > 50 GeV

For Ypr>1TeV,
1<N;<b
N;=5

The ratio IS constant in SM

Use ratio to obtain QCD background shape,
normalized to data for 1.1 < Yp; < 1.2 TeV

Background obtained from fitting
background+signal in four regions defined by
>prand Nj.

Events/100 GeV

N,>5/N <5

Events/100 GeV

N,>5/N <5

TS RIS SRR BERRRRI LR R R =
j ATLAS Preliminary
10? = =
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e —— NJ25 1
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1E E
(6 i =R 1 =
2- ] E
8 e o]
T o OIS RN i i
0 1500 2000 2500 3000
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BN RAR R 1) Rl g e RO PR ) UL TR AR
ATLAS Preliminary ]
102 = \s=7TeV =
E Data | Ldt=35pb’ 7
B — NJZ 5 i
+ = NJ<5 normalized
1E il E
10" o s PR EE Caaaaaad) e .., =
3-_ ................................................. P T o i
2- ++ =+ e &)
e o e o, e L e
0. """""""""""""" +---7_____ _____ e i -
1500 2000 2500 3000
Lp, [GeV]
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Black holes

multijets

T | T T T T T T Ty T T | T T T l T

| > a4k ATLAS Preliminary; ond
Predict: 3.7 + 1.5 events E " 7§ ey o =na -
= B f A n=4 i
Data : 7 events = 420 0 ] paafigieaspr T
| ¥ : g Sn=6
4__ N Hn=7 |

B Mlh:2MD
Model independent limits on new physics 3 8l L -
oxA =0.29 pb C .
3.6 .
Exclusion contours are obtained in 3.4l -
plane of M,y and M, for different :
values of n. 3.2 .
L 4 )y P | | ]

S 1.5 2 2.5 3
M, [TeV]

https://atlas.web.cern.ch/Atlas/lGROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-068/
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' ATLAS' Preliminary  |e-Ddta '’
— Total bkg.
\s=7 TeV,JL dt =31 pb' u+fake

B i

b

--- My =3 TeV

Black holes :

Events / 4 GeV

NS

Data: 2010 , 31 pb™

Analysis -

R (T W AL

Two muons of same charge

107
muon pr > 20, 10 GeV 20 40 60 80 100 120 140 160 180 200
NTracks (pr>8GeV) = 10 p.(1,) [GeV]
£ APSiARRAL AL
« Only leading muon is isolated to gain ¢ — Standard Mode
signal acceptance - Pr+teke 3
« Second muon can come from heavy- =25 .
flavor decays along with promptly from BH. ---Mp=8TeV 3
> P
Track multiplicity allows clear _ B
separation in signal and background 5 10 15 20550 EEHo a5 R
NTracks
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450 ; T 7
S i Y ATLAS preliminary
B I I | I . Ig. [ /j: VE=TTeV, L =31ph "
O e S < .
a. C [ qu \ unconstrained limit
2 constrained limit

expected limit
weem expected 1 sigma
expected 2 sigma

ui ui .

non-rotating

BH n:6 ...... Mg =k Mp
Predict: 8.2 + 2.8 events -
Data : 4 events
3I_ N N L - |
0.5 1 1.5 2
Model independent limits on new physics 45 S —— 2
oxA = 0.148 pb d 00 VA= TV,
a = e unconstrained limit
E h constrained limit
. . ] 4 expected Iimi.i
Exclusion contours are obtained in - T opeced | Soma
: rotating
plane of My and Mp for_dlfferent BH n=6 W& | = .. o
values of n and for rotating and non .
rotating black holes.
3L I : — |
0.5 1 1.5 2
Mp [TeV]

https://atlas.web.cern.ch/Atlas/IGROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-065/
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Other Sea

rches

1oy I [ # ¥ 1 [ 7 & F [ 7 & F ] F 4
i i g : /g =-0.20 -+-Expected limit |
] _ 0 B _g:: KKw’g:=—0.25 I Expected+ 16 |
Other searches also being carried out :  © .| 0iov/g] =030 Expected+ 26 _|
RS KK gl ' t - — O0s /9, =035 . Opserved limit 7
. gluon decaying to tt —» . =
Search for high mass tt resonance. B G U -
—- B \s=7TeV :
For gqquK/gs— 0.2, Mg <0.84TeV excluded.w_ )
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/ = :
CONFNOTES/ATLAS-CONF-2011-123/ - .
- det=1.04fb'1 ]
g T I T T T T I T T T T I T T T T ] T T T T I : 1 E_ ATLAS Prellmlnary —§
ZS_ ----------- QBHn:z | T+ v v v by by by by ]
< 10°F T Gaine 3 04 06 08 10 12 14 16
© - ——— Observed 95% CL upper limit - my [TeV]
L Expected 95% CL upper limit |
10°F 68% and 95% bands E
i ATLAS :
B — _1 ki - -w
T { g S « RS graviton to dijets
3 ] « Randall-Meade quantum black
1e 4 <4— holestodijet final states
; i For n=6, My < 3.67 TeV excluded.
e = — = .
L TP P e e http://arxiv.org/abs/1103.3864
2000 2500 3000 3500 4000
My [GeV]
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Conclusions

* ATLAS has a rich search program for extra dimensions.

* Searches for graviton resonances, as well as associated
production of gravitons. Searches for black holes with
different final states.

* Results shown today used either 2010.data or ~ 1 ot of
2011 data. Already have little more than 3 ot

* S0 far no hints of any extra dimension discovery, but
with more data, life can always get interesting.

]
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The ATLAS Detector

: EM: |n|<3.2, o/E~10%/VE
Muon Coverage: |n|<2.7
oT resolution < 10% Had: |n|<5, central 6/E~50%/VE®0.03, forward o/E~90%/VE® 0.07

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
Tracker Coverage: |n|<2.5
o/pT~3.8x10-4 pT(GeV) @ 0.015
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Some further reading for the theoretical aspects of extra dimensions...

1) K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010)
2) N. Arkani-Hamed et al., Phys. Lett. B429, 263 (1998)

3) L. Randall and R. Sundrum, Phys. Reuv. Lett. 83, 3370 (1999)

4) T. Appelquist et al., Phys. Rev. D64, 035002 (2001)
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