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Introduction

%9 LHC exotica searches offer real possibilities of exciting discoveries
in 2011 |

T will:
1. Summarize UK interests

2. Review most the public CMS/ATLAS exotica (but not SUSY) results,
emphasising those with UK involvement.

(but not black-holes, as covered in Eram'’s talk)

3. Illustrate what we can expect in 2011,
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UK Exotica Interests

The UK has provided both ATLAS & CMS exotica conveners:

< ATLAS: Cigdem Issever (Oxford)
< CMS: Chris Hill (formally Bristol)

and is pursuing many experimental analyses:

CMS: Stopped Gluinos (Bristol), Z' > e+e- (Bristol/RAL/Soton) ,
Displaced Fermions (RAL/Soton), Boosted Z from g*... (RAL)

ATLAS: Black holes & Extra Dimensions (Cambridge/Oxford),
Z' > e+e- (RHUL), g* > dijets (Oxford/Glasgow) ,
G~>vy (Liverpool), Boosted Top from Z' (Oxford/UCL) ...

+ those I missed !
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Public Exotica Results with LHC Data

% Areas with UK involvement in pink.

Z > ||
Heavy Stable Charged Particles

Stopped Gluinos
Dijet contact interactions _
Black holes _

LQ > | + jet
W>ev \
UED KK 'Y*'Y*e‘yy + ETmiss \/
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Zl

2> I*I- (CMS)

= Electron/Muon efficiency
measured in data using
Z0 > |+l-.

= Muon momentum scale
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Z' > I'lI- (CMS)

Limits obtained by combining electron and muon channels.
M( SSM Z' ) > 1.14 TeV (similar to Tevatron)

"L CMS preliminary 2010, | Ldt = 40.0pb™
-— | | I | 1 I 1 | I | | 1

. '68% expected  _
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Search for Heavy Stable Charged Particles
(CMS)

Theoretical Models

¥ Gluino in Split-SUSY. (Squarks very heavy, so gluino can only decay
via virtual squarks).

Hadronizes to R-hadrons. These are highly ionizing in the Tracker
and look like muons in the calorimeters. They can flip charge whilst
Traversing CMS |

Selection
" Select high Pt track with large dE/dx in Tracker, optionally also
requiring muon ID.
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Search for Heavy Stable Charged Particles
(CMS)

" dE/dx was calibrated module to module using relativistic particles.
" dE/dx & Pt agree well in data and MC. As uncorrelated, can use to

estimate background from data alone. g
" Both variables offer clear separation for gluino signal.
CMS \s=7TeV 3.1pb" CMS Vs=7TeV 3.1pb”

g = T T T T | T T T ‘ T T T | T T T - 8 E T T T T | T T T T | T T E
s Tracker - Only - g - Tracker - Only i
R 3 = MC-§200 = N = MC-§200 |
& x + MC-QCD ? %10 - 'ﬂ'- + MC-QcCD e
g 10 ! _l* v Data IE é j-x - v Data _
510-2 3.‘?.-“'-"1-'-"'_'-"'-_._-. ] 21025_ X e Gluino E
- = . = - I ax -
er = N Gluino™s, § _[ «x W 1
- ’h 1 S10°E x ! lﬁ 11 =
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5 S M MC Yoy N = x A _]
07 T U B . 1 E
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Search for Heavy Stable Charged Particles
(CMS)

CMS \Vs=7TeV 31pb”’

g e ! l[l .......................... l ...... L l ...... L] L' ...... I J:
; [~ Theoretical Prediction 95% C.L. Limits ]
L. —a— gluino; 10% g ]
T e gluino (NLO+NLL) —=— gluino; 50% Tg .
L. (NLO+NLL) —=— gluino; 10% §g; ch. suppr._|
—————— stop +
= No events pass cuts | S, , —e— stop

—=— stop; ch. suppr.

= M(gluino) > 398 GeV/c? \
= Limit reduces to 311 GeV/c?
if R-hadron becomes neutral
before muon chambers.

(Limits better than Tevatron)

200 400 600 800 1000
Mass (GeV/c?)
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Stopped Gluinos (CMS)

O If the * Split SUSY' gluino is very non-relativistic, it will lose so much
energy by ionization that it will stop before leaving CMS.

% Decay to gluon/quarks + neutralino can take micro-seconds - days.
Observe it during beam-gaps or shutdowns !

T

Tgap

Data taking time

¢ Trigger using jet-trigger + beam veto (using orbit monitors).

¢ Select requiring calorimeter energy cluster > 50 GeV.
N.B. So only sensitive if M(gluino) - M(neutralino) > 100 GeV.

% Many cuts to suppress calorimeter noise. Optimised before LHC
switched on !

Theam

# of stopped undecayed parficles
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'%g Stopped Gluinos (CMS)

2-5 events pass cuts, compatible with background expectations.

This plot compares their time distribution with that expected for
gluino with t = 1 ps.

¢ CMS Data (2010)
m Signal POF (7= 1118)
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= For gluino mass of
<370 GeV/c?
exclude gluino
lifetimes of

10 ps - 1000 s,

not previously
covered by
Tevatron.

N.B. More stringent
limits currently set
by HSCP search.

o(pp — 3) x BR(G@ — gi") [pb]

Stopped Gluinos (CMS)

J Ldt=10pk" 95% C.L. Limits

—_—————- Expected: 10 ps - 1000 s Counting Exp.
T=1x 107 cmis! M Expected+is: 10ps - 1000 s Counting Exp. _
Expected +20- 10pus - 1000 s Counfing Exp. 1
NE=T7 TeV S Obs.: 10ps - 1000 s Counting Exp. (EM only)]
Obs.: 10 ps - 1000 s Counting Exp. ]
vmmmeme  Obs 10 ps Timing Profle
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W' > e v (ATLAS & CMS)

= Get limit at M(W') by

counting events with = == or oo
MT >a fr'GCTion Of M(W') g Y S I |:| Tawniron Extusion (5310 —
— :_ :::: : ----- Espactnd Limfl 6f 5% CL :
S I . " — Citesmnvid] Liendl o (5% CL —
= No events pass cuts _T | | mesowesew
in signal region, e
18 I N 0 Y Y )
m __'l_...= — ——— = — ——— — —— — ————

- M(W)>136 GeVwith 2 >
36/pb of CMS data S === ===
1 [ CRer = [
(ATLAS STUdy US.Zd I e —— mﬁE.I—EEH—-——— —
much lower luminosity) F——1—T— ETT;;——'———XQ

1{]-5-EI | I[}-IHI | I1I | I1-2I | I1-4I | I1-EI | I1-EI | E
Mass (TeV/c)
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Theoretical Models

= Excited quarks: g* 2 qg
= Z' > qqbar

= RS Gravitons > q gbar

Selection

O Use anti-Kt jet algorithm
A Plot dijet mass of 2 leading jets.

Run : 142664
. Event : 29100333
AIDijet Mass : 1922 GeV

3222 Jet 1 p:804 GeV
100 = \‘Lej: 2 pr: 802 GeV
Es - -
-4 SN -8 3
—2 :_, ‘:{‘,‘ = = "., o “.- S.
O 2 e e e
n 2 = & Q\:‘
"'\“\\ ‘:
SN 2
a o
D @

P 804 GeV
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Dijet Mass Resonances (ATLAS & CMS)

= Dijet spectrum fitted with smooth function to describe
background.

ﬂ [ r Tt r [ r r r [ rrr rrrr[rrrrr-r 1 ['Q
= 1[]4 =
ﬁ - + Data E
- Fit ~ ;

E ..-.- —— q*':QEIU} J' L c:.'rf — 3-1 pb-'l E

v —a— q*(1500) .

107 E
1[]5— 5

- ATLAS F’rellmlnaryr o

|_|I| 2|'|'|'|'|'|I L L L B L L L B L B L B L B B N |
= 2F E
EDW—-——:
Q,‘z—_. Lovororn | | | | . d

500 1000 1500 2000 _ 2500
Reconstructed nt’ [GeV]
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Dijet Mass Resonances (ATLAS & CMS)

0¥ T o T

% .~ CMS Simulation i

= Signal shape taken 8§ [ --- gluon-gluon ]
from MC. 09_ 02? ----------- quark-gluon |
T e quark-quark 7

=Its position 015 P N
depends on - 2
uncertainty in jet [ Mee=T12TeV y ]
energy scale. o M<25 ani<13 i' B N
L I : |

= CMS noted that i § -l ..... , 7
spectrum broader 0.05/ 0T T D -
for gluon states, so \-‘r-" i L ]
quotes separate L :".'j:‘! ]
limits for these. 0_| N o i TN AT O BT AN !;F"':'Ii-"-"r"-|| |

400 600 800 1000 1200 1400 1600
Dijet Mass (GeV)
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= ATLAS excludes
excited quarks with
500 < M < 1530 GeV.

= CMS excludes those with
M < 1580 GeV using 2.9/pb.

= Both surpass Tevatron
limit of 870 GeV.

lan Tomalin (RAL) 26/01/2011
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% Dijet Angular Distribution (ATLAS & CMS)

Motivation

¢ Z etc. whose mass exceeds the /s of the partons will not be seen as
a resonance, but will modify the dijet spectra.

¢ The effect can be parametrized as " contact interaction’.

¢ Changes to the dijet mass spectrum hard to distinguish from
systematics.

¢ Better to study jet angular distributions as a function of
dijet mass, e.qg. using” dijet centrality ratio’ so systematics
cancel:

N_dijets(|n| < 0.7) / N_dijets(0.7 < |n| < 1.3)

Flat for QCD, whereas exotica produced mainly in central n region.

lan Tomalin (RAL) 26/01/2011 19



Dijet Angular Distribution (ATLAS & CMS)

EQQ_EI_I LI I LI I LI LI LI LI L [ I_

- ATLAS :

= Dijet centrality ratio I i
compared with predictions 20r j.r_dtzaj pb,Ws=7 TeV 7
In low mass region, where no " OCD Prediction
signal expected. - | . 1 -
15  Theoretical Uncertainties A

[ e Total Systematics i ]

= Very good agreement with A =70Tev 7
QCD 1 []__ e Data ! L ] —_

o sfarsaranerily IH :

[].[]_I o d v by by by by 1y |_

400 600 800 1000 1200 1400
Dijet Mass (GeV)

lan Tomalin (RAL) 26/01/2011 20



Dijet Angular Distribution (ATLAS & CMS)

e

uH D..‘I E_ I I I I I I I I I I I I I I | I I I I _I
. _[m =31po W ETTeV -
0 ,]4'_'+_ m >12TeV N
B ammam 85% CLonF .
= Limits placed on 4-quark [ —— MeasuredF i
contact interactions 012 &, — QOO Predicson .
A> 3.2 TeV. (ATLAS) . ‘.‘* [ | Expected Limit Variation (8%
01F ]
= CMS Limit is A> 4.0 TeV X ]

from 2.9/pb oo Tt
e o — — — — — — — — — H—F-:.———'u
. 0.06F- __
c.f. Current Tevatron limit : ATLAS |
1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I
L=28TeV D'U42 25 3 3.5 -
A [TeV]
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Leptoquarks (CMS)

¢ gluon > LQ pair has high cross-section.
% Each (1st/2nd generation) LQ decays to electron/muon + jet.

Selection

" Require at least 2 electrons/muons & 2 jefts.
" Cut on their Sum |Pt|.

" Require M(I+l-) > 125 GeV/c? to suppress main background (Z + jets)
(& measure background by reversing this cut ...)
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Leptoquarks (CMS)

= 7 events found in signal = 15"" Y N
region with 33/pb. 0.9E - T‘/f | B
Compatible with background. u_gi _ LAY ej __

o7t .

= Limit M(LQ) > 384 GeV 06k | . | 3
for BR(LQ > e j)=1 D-Eg |

« Limit M(LQ) > 394 GeV T Porton |
for BRLQ > pnj) =1 u'dg : |- Expected 95% C.L_ limit| 3

0.3E —_|== Obsarved 85% C.L. Iirr"rt_:

02k 1 M5 i

= Exceed Tevatron limits. ll“l% | B -I-J[L'jtdgﬂ'?— oh %
%00 250 300 350 400 450 500

M , [GeV]
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e Future Prospects
| Expected Z' > I*I- Reach (CMS)

= For SSM Z', expect limits in each of e*e- & pu*u- channels of
~1.7 TeV/c? by end 2011 |

= Both CMS and ATLAS UK working on e*e” channel.

Zp

-—h
o
I T

ZSSM

Integrated luminosity (fb™)

- CMS Preliminary
- SBM-07-002, scaled to /s =7 TeV

—h
Q
\

:\ L1 | | ‘ L1 1 | | ‘ L1 1 | L1 1 ‘ L1 1 | L1 1 | L1 1
0.6 0.8 1 1.2 14 16 1.8 2 22 24
Z’ mass (TeV/c?)
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Future Prospects: q* > Boosted Z0O
(James Jackson PhD Thesis)

Interesting limits (M(q*) ~ 1.8 TeV) expected from 2011 data ...

[—

—
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T

> ElE _
t 1000 f
O Qireve 18 |
ﬁ Seize | o)
=~ W + Jet I i
g 10° Ett%i-bj:to? g 300 |
+ Jots - [

E 102 Oy * Jets g 700 '
T ; 600 |
g0 0. |
0 2
x 1 !
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i c [
10 =30}
10 00}
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Conclusions

¢ LHC already sets the World's best limits for heavy stable charged
exotica, stopped gluinos, Z'> jets/leptons, W'->e v & leptoquarks !

%* Good chances to make a discovery in 2011 |
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Future Prospects (CMS, but ATLAS similar)

We expect ~ 1/fb in 2011. This table shows some of the limits (or
discoveries ...) we should get. All surpass Tevatron limits.

Limit
b' > tW M(b") > 450 GeV (for 600 /pb)
Z > eeorpuu M(SSM Z)>17 TeV
q* - boosted Z0O M(q*)> 1.8 TeV
HSCP (stable gluino) M(gluino) > 0.6 TeV
RS/ADD KK Graviton 2 yy complicated limits ...
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Future Prospects: B' > tW

o | EX0-09-012 scaling to 7 TeV
Q.
— 10 CMS preliminary
- {)Pg .
o 6"’& 7
e 0}
O g
ﬂJ Seq'
n ior
& &
% 1 200 ph1 O
E b EXCIHS'IIGH& —
3 P
= | \
10-1-'-
300 350 400 450 500
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Future Prospects
RS Gravition > gamma gamma

I I I I I T T | ™ S S R S R
! ' * M, =750GeV,k=0.03 |

= M, =750 GeV,k =0.04

—
Q

* M, =1000 GeV,k = 0.03
M, = 1000 GeV,k = 0.05| _

a0

M, = 1250 GeV,k = 0.07

<N

3

Signal significance (o)

400 600 800 100
Integrated Luminosity (pb™)

0 200
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Future Prospects: HSCP

8-003 s:':al!aed' to\'s=7'TeV
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Future Prospects: q* > dijet

ol I T TTTTII [ ' TTTTH [ ' TTTTTT [ T TTTTTI
S i | | | T
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W Black Holes & High Mass, Many Body Events
///fg (ATLAS)

&\

Theory

¢ In ADD models, gravity propagates in additional spatial dimensions,
whose size corresponds to an energy scale My

¢ Tevatron says My > 800 GeV

¢ Above this scale, gravity becomes strong, leading to black hole
production.

¢ As gravity couples to energy (not mass !), black holes evaporate
democratically to all fermion/boson species. Many body final state.

¢ Other exotica will also give many body final state ...
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Black Holes & High Mass, Many Body Events

,%g (ATLAS)

lJeTSIphoTonslelec“'r‘onsl 4@ |||||||||||||||||||||||||||||E
muons & MET counted. ch [ —— Muon(Data) — Muon(Alpgen)
. L > 10 Electron(Data) Electron(Alpgen) 3
- Tr'CkY analysus, since must —— Photon(Data) — Photon(Alpgen)
understand all of these ... 10°: — Jet(Data) — Jet(Alpgen) .
ATLAS Preliminary
JL dt=295nb" -
= S.M. multiplicity dominated by E
jets. (Could reduce by requiring
leptons ...) E
A T P A
8 10 12 14
Multiplicity
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W Black Holes & High Mass, Many Body Events

= For black-holes produced
with My = 800 GeV ( 10
6 extra dimensions) get
interesting limit of

A (ATLAS)
> [ TrrrTT T T L
L 60 -
= Count events in signal S - —*— Data2010(\s=7TeV) .
region defined as: g 50~ —— Alpgen —
£ . ATLAS Preliminary
> - N
N2 Y a0 jL dt = 295 nb" _—
> M., > 800 GeV/c? : .
>3 |Pt| > 700 GeV/c *F -
20 —

O 2 I [ ST i il
Oé/nb g 9 B s s s TR, ]
E 1_ ------------------------------------ T
© 05 B gt
(] ]
00 3
[TeV]
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= Systematics reduced by
normalising background
in control region.
(Low M., or = |Pt]).

= Nonetheless remain large:

1. Simulation of N jet
QCD final states
(ALPGEN vs. Pythia) (+26%)

2. PDF choice (+12%)

Data/MC

W Black Holes & High Mass, Many Body Events
A (ATLAS)

_IIIII|T| IIIIIIIII IIIIII|T| IIIII|'|T| TT

I IIIII|T| I IIII|T|'|_|__

—— Alpgen

—e— Data 2010 Ns =7 TeV)

ATLAS Preliminary
JL dt =295 nb’

IIIII|,|,|,| IIIII|,|,|,| IIIIII|,|,| IIIII|,|,|,|_|_:
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Search for Heavy Stable Charged Particles
(CMS)

Tonization from gluino allows its mass to be determined.
CMS ys=7TeV 3.1pb’

Ih (MeV/cm)

CMS 2010 \s=7TeV - L ML S v e,
1Op g jl , oS 1A T
9F N 10 O I Stop300 ]
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8 - 0N ] EN =12~ [ Stopsoo 7
g gg-lc:‘—;+c g N 104 . -
4= WithC = 2357 - 0.001 = 9 10% 5
6L == 1
: = 8 —
51 E b 1
- i - o- A8 -
p: = 10° B ]
3 ) abi % ¥
2] 10 ;%‘ ih: i&;
1; : 2__“;”. -
OE||||||| TN TN N T N e 1 0_ 1 ! 1 ! II| ! ! ! ! | 1 |_

0051152 253354455 0 500 1000
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