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Long list of models and signhatures
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problem

Experimentally,
a signhature
standpoint
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sense:

- Practical

- Less model-
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Supersymmetry

Cascade ending with LSP 4 q\

— large MET g g
1 Jets+MET: Gluino and Squark

prod. dominate LSP

_ escapes

2 Leptons(+jets)+MET: lower detection

branching ratio/cross-section but

complementary i

3 3" generation (b or t)+MET:

- |n cascade

- direct production requires > 1 fb”
— coming soon

4 Photon(s)+MET. GMSB models : _
5 “Exotic’ SUSY: long-lived, no MET ™ s w @ w0 w0 w0 w0 o

mHI.C'I:IL.'\I.‘ [Gev] H
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General search strategy

@ Definition of Signal Regions (SRs) that maximise
sensitivity to different models

— based on discriminating variables

@ ldentification and estimation of SM backgrounds
— different techniques (preferably data-driven)

a2,

@ Search for non-SM excess

— cut & count
—% resonances

@ If no excess, model independent limits set

— different stat. methods
— different interpretations Tgsm X € X A
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Null searches so ...

" Null searches also for any other BSM signal
" What next...

2 Generalize away from (over) constrained scenarios
9 Gaugino sector and sleptons: multi-leptons, photons

0 Stop (and sbottom and stau) sectors (major motivation for
SUSY at low energies)

2 Non- “canonical” scenarios:
" semi-stable SUSY particles, R-parity violation

E. Richter-Was 9 January 2013



Special final states

Long-living supersymmetric particles: very well possible in SUSY!

disappearing (kink) stable massive
track particle
displaced R
vertex ‘
fimarv @~ penetrate
P verﬁeﬁz a detector
O(10) mm O(100) mm >0(1000) mm decay length

R-hadrons, R-parity violation, compressed spectra (AMSB)
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Inclusive searches

3rd gen. squarks : 3rd gen. sq.

direct production

EwW

direct

Supersymmetry: search results

: gluino med. :

MSUGRA/ICMSSM : Olep +js + E; ...

MSUGRA/ICMSSM : 1lep +js + E

Pheno model : O lep + j's + E

Pheno model : Olep +js + E

Gluino med. ¥ (§—qqy ): 1lep+js+E

GMSB (I NLSP) : 2 le HOS) +js+E

GMSB (TNLSP):1-21+ I¢:.-p<-|s+E”‘_m1
GGM (bino NLSP) . yy + E

GGM (wino NLSP) : v + lep + E' ™*

GGM (higgsino-bino NLSP) :y + b + E! e

GGM (higgsino NLSP) : Z + jets + E, ...

T mass
T mass
T mass:
T .miss:
T .mass

T .mass

Gravitino LSP : 'mongjet' + E; .

§—>bb351 (wrtual b} Olep+3 b—JS +E, s
gty (wrt&lalt) 2lep (SS) +'s +E; ..
—;l{x (virtualt) : 3lep + js + E
g—tix wrtuall} 0 lep + multi-'s + E
g—)_tfi .(wrtual,l Olep+3b-i's +E
bb, b —=b; -0 Iep + 2-b-jets +E

e bb b—)t 3Iep+Js+E

. ftt(very I|ght} t-—;bx :2lep+ E
_tt (light), t—)bx : 142 Iep + b-jet + E,
T (medium). t—)l,(0 2lep + b-jet + E
it (heavy), l—)l)( :1lep + b-jet + E

tt (heavy), t—;lx Olep + b-jet + E

tt (naturalv‘éMSB‘)_ Z(—)II + b-jet + E
_ LTSl s 2lep + Es

' lv Iv)—;l\.r 2lep + E,

8 & -‘ax’Lxﬁ"lu v;: Wi |§v3-.:-é Jlep +E
T x o A %.:3lep +E;

T .rrese

T.mass

T mass
T .rmess
T .rress

T . rmass
T .mass:
T .miss:
T .mass:

Irn-sl
IMeaE

T .iress

Long-lived

particles

Direct xx"pzaur prod. (AMSE) " TongTved 5
Stable gR—hadmns low B, By (full detector
Stable t R-hadrons : low B, By (full detector)

GMSB : stable ©

__x — qgu (RPV) :u + heavy displaced vertex

LW pp—w +X v, —>e+p resonance
=k

Bllunear RPV CM SM 1 Iep + 71 S,

ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: HCP 2012)

|
;.—q..b"‘shvnﬂ' 5-COM
L=58 107, 8 Tev ﬁwmt
L=5.8 b, 8 TeV [ATLAS-CONF-2012-108]

T dss -

=58 1", 8 TeV [ATLAS-CONF-2012-109]

L=5.81b", 8 TeV [ATLAS-CONF-2012-152]

L=10.51b". 8 TeV |[ATLAS-CONF-2012-147]
L=12.8 16", 8 TeV |ATLAS-CONF-2012-145)
L=5.81b", 8 TeV [ATLAS-CONF-2012-105]

L=13.010", 8 TeV |[ATLAS-COMF-2012-151)
L=58fb", & TeV [ATLAS-CONF-2012-103]
L=12.8 10", 8 TeV |ATLAS-CONF-2012-145)

L=13.01b", 8 TeV [ATLAS-CONF-2012-151]

L=4.7 fb”, 7 TeW [1209.2102)
L=4.7 b, T TeV [1209.4166)
L=4.7 b, T TeV [1208.2500)
L=4.7 fb”', 7 TeV [1208.1447]

L=4.7 th”, T TeV [1208.2884)
L=4.7 b, T TeV [1208.2884)
L=13.0 10", 8 TeV [ATLAS-COMF-2012-154)
L=13.0 fb”, 8 TeV |ATLAS-CONF-2012-154)

REV

x T X —)Wx x —eev euv :
) ool L
I l_,I —)Ix x —>am Bj.i\-’ cdlep + E,

¥ mess

L=46 1", 7 TeV [1210.4&25]

123-1678aW t mass @{; )= 55 Ge\r‘}

[es9sGev| | mass J.m{u=0}
© 110340 GeV ,( mass

“ sgiuon mass und fimit from 1110.2693)

150Tev Q=g mass
1.24 Tev q g mass
118TeV 3 Mass (mia) < 2 TeV, lighl i J ATLAS
1.38 Tev q mass im(@) < 2 TeV, hghl;(_ ) Preliminary

g mass [m{;( )< 200 GaV, mi¥ ) --[m{x Jmia))
g mass' (tang < 15)
gmass (tang > 20)
g mass (nix’) > 50 Gev) J‘j_d;' =

0 (2.1-13.0) o™
g mass

g mass (miz)) > 220 Gev) fs=7, 8TeVv
690 GaV g mass (miH) > m G-a\."]
645Gav  F scale (miG) = 10" &
124 Tev g mass {mix :-e 200 GaV)
850 GeV mass {mi )< 300 GaVv) ; =
g 8 TeV resulis

860 GaV gmass {mix ,esuch-a\.r)
1.00 TeV g rnass {m{x J< 300 GaV)
115 TeV g mass {m{,{ ) = 200 GaV)
b mass {m{,( )< 150 GaV)
ncw b mass (mix, J-Zmi_x n
1 mass (miE- J< m GeVv)

298-305 GeV | 1mass [mu 1=0)
230G G 1 mass {m{,{ :-m
370-485 GeV' t mass {m[x =0
t mass (115 tmlx }c 230 GeV)

_t{m{x]<1DGeVm{|\.J Eﬁm{z1:~m{x 0
mm ¥. mass 7 m

, lm{z l‘m{.x )iy )= 0. milyv) as above)
lmm x mass (mix J-m{;( jm[“ ) o, sleplnns decoupled)

x I'I"IESS {1 =1 ]< 10 ns)
g mass
t mass
T mMass (5 <tanfi < 20)
gmass (0.3<107 <k, < 1.5<10" 1 mm < cz < 1 m,§ decougpled)
v, mass {4,,~0.10, 4,,,=0.05)
¥ Mas =0.10.4 . . =0.05)

q-= g mass {67, gp = 1 mm)

v x| rnass {m{x J}SIJOGBVAmDr-‘.m?D]
N mass {m{x )= 100 GaV, m{gFm[L}-m{l‘J A
g mass

12e OF A e = 0)

d o\

FC&"E {m, < 8O GeV, limit of < 687 GaV fot 8)
] 1 L1 1 1 11

1 10
Mass scale(TeV]



o In1fb™ (/s=7TeV) + 1.1fb7 1
(v/s = 8 TeV) of data, LHCb observes a
signal for BE—> utp” that is
incompatible with the background
only hypothesis at 3.5 0. With:

BB — utp~)=3.2%15x107°
c.f. a time integrated SM expectation of:

B(BY— ™) =(3.544+0.30) x 107°
[arXiv:1208.0934], [arXiv:1204.1735]

$ ) a0
B(BY — p*u~) [x10~°]

LHCbh -

10 i~ 7TV +1L.1 5 ETe)
BOT>07 ]

S —.
5500

6000

m,, - [MeV/c?]
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Constraints in CMSSM model

In general a SM-like B(BY — 1 p™)
rules out CMSSM points with large

F. Mahmoudi et. al. [arXiv:1205.1845]

CMSSM - tan =50, Aﬂ=ﬂ

2000
tan /3.
Direct search results (CMS 5fb™1), 5150“
Charged LSP, B — 7v, , 31000
Allowed region. £

At lower tanp the relative importance AU I SO D
of direct searches increases. R
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Typical exotic search topology

A

o}

)

3

=

L]

k
gfb“’?d
: >
p. E;™°, mass...

o

m A %

< "‘-'GO

© )

C-n *,

2

©

(4]

Q@

w

w

o

O

Expected limit §Obser'i?eg_ limit

mass, scale....

Search phase:

Search for deviations from known background,

in the spectra of reconstructed mass, sum(pT) etc...
Localized excess, bump, resonance
Non resonant phenomena

Limit setting
(do this for every point in the parameter space):

1) compute theoretical prediction
2) estimate acceptance 4, efficiency € and luminosity L
and their uncertainties

3) Pseudo-experiments
- generate BG only pseudo experiments (PE).

- for each PE estimate the consistency between
pseudo-data and signal+background hypothesis
and get 95%CL limit on signhal cross-section

- for all PE calculate the median, the 1 sigma RMS
and the

3) plot the g(Data)

4) compute observed limits
5) compute expected limits

E. Richter-Was
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Heavy resonances

Predicted in many extensions of the Standard Model.
Examples:

— Randall-Sundrum gravitons, G* and G*bulk from warped extradimensions
— Technicolor — narrow technihadrons, chiral bosons Z*, W™

— GUT inspired theories — Z', W' from a higher symmetry (E6)

— Composite models for quarks, lepton with substructure scale A

— Quantum black holes, ADD, CI

Signature Model Luminosity [fb™] Publication
- s Z 6 ATLAS-CONF-2012-129
o JJ q* 13 ATLAS-CONF-2012-148
5 ZZ(Hj7) G, i 7 ATLAS-CONF-2012-150
ey e 13 ATLAS-CONF-2012-146
17 q* 58 ATLAS-CONF-2012-088
e Z'.G*TC, KK, .. 49 arXiv:1209.2535
1T 7' 4.6 arXiv:1210.6604
> 2y W' W+ 47 arXiv.1209.4446
- ij g*,QBH,W' 4.8 arXiv:1210.1718
M~ - :
WW(eveiv) G*,G*, .« 4.7 arXiv:1209.2880
vy RS, ADD 49 arXiv:1209.8389
tt LPTC Z', 9.« 47 arXiv:1207.2409, arXiv1211.2202
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Dilepton resonance

6 fb' 8TeV
ATLAS-CONF-2012-129

Well understood final states,
— |solated leptons (here ee, uu)
— main Background Drell-Yan

Events

other background: dibosons, ttbar, multijets, W+jets

Sum of BG normalized to the Z-peak (70-110GeV)
Dominant uncertainties: 20%(theory), 21%(ee BG)

Experimental challenge

- no control sample at TeV level (like Z or W)

107 g . ——rt :

of ATLAS Preliminary « Data 2012
! E Z'—puu Search Oz
10°g Ldt=6.11b" [oiboson
10 [ 1§

[]Z (1500 Gev)

107
10
1

107} i mass distribution

10%
- understand efficiency and resolution 100 =00 50 1000 fuﬁ;ew
- confidence in alignment (uu) "
= - L L B L B L L R LR
:% 1 ’_ ATLAS Preliminary --- Expected limit _‘
2 Benchmark models used here o | F 1s=8TeV  pyEipectedt to
Lower limit at 95%CL for 8TeV data: - -l Expected+ 20
101 — Observed limit _
Z' ., Mm>249 TeV (7TeV:2.22 TeV) E —Zsy E
- —Z, -
Z'_ : m>2.09-2.24 TeV - _ 7 .
10-25_ W =
Mass limits E6 Z' 8TeV | 0al ]
_gee:J‘Ldl=5.9lh'1 )
Model z, Z zZ, z; Zy Z Eo ;
Observed mass limit (TeV] | 2,00 2.10 2.15 214 218 2.4 [ Lat- eetup
Expected mass limit [TeV] | 2.07 208 214 213 217 223 L1 Y- S —
Mz [TeV]
Other analysis probing tt with 7TeV data: Z'.,(tT): m>1.40 TeV arXiv:1210.6604
E. Richter-Was 9 January 2013 14



Highest m  candidate

- ,Q AN W AN\ R
A l=11n e (i
' EJ,fEL'u '..;.‘CJN.-
‘m, =1.258TeV Ay ==
p,*' = 289 GeV | | s
p 2 =274 GeV B —
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Diphoton

4.9 fb' 7TeV arxiv:1209.8389

Method:
Look invariant mass of two highest-E.

(>25GeV) isolated tight photons

Background:
- SM yy (NLO, irreducible)

- 1+, j+v, jj with jet faking v (data driven, reducible)
Background normalization in low mass control region.
Uncertainties: 9% (experiment), 5-15% (theory)

RS1 (search for bumps)
Example 95% CL limits:

RS G* (k!ﬁpl=0.1): m>2.06 TeV (yy)

m>2.23 TeV (yy+ee+up)

ADD Extra-dimensions (tail excess)

ADD: M_>2.79 — 4.18 TeV (yy+ee+up)

depending on number of EDs and
theoretical formalism used.

‘‘‘‘‘

Events/hin

Control region

ATLAS

— : :
J-Ldt=4.9fb"'

Wi=7TeV

=,
™ e

—a— 20

TTI

[ Total Background
{ i Reducble Background
syst @ stat (total)
syst @ stat (reducible)
[ RS, &F, =0.1,m, =1.5TeV
[JADD, GRW, M, =25 TeV

11 data

Significance

0.08E
0.07F
0.06F
0.05F

0.04
0.03
0.02

200

2000 3000
m,, [GeV]

300 400 1000

T_{RS G* — vy, uu, ee

F — Observed ATLAS 3
----- Expected

E [ Expectedt 1o
E Expectedz 20

E vs=7TeV

E w:JLdt:d-.Q-fh"
= uu:ILm:s.ofb" -

E w:_I'Ld|=4.91b'

0.01E
0

o SR PR BT BRI BN PR RV B B
06 08 1 12 14 16 18 2 22 24
mg; [TeV]

k/M,, dimensionless coupling to the SM fields

E. Richter-Was
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Dijet resonance search

Events

Significance

13 fb' 8TeV ATLAS-CONF-2012-148
E 1DOE_| T | T T T T |' T T T T | T T T T 1
T I R A IR a E &
. int_iat | ATLAS Prelimi 1 = ——— g"MC12
10° = Jet_Jet +rlgallg1mary = = 102 Observed 95% CL upper Ilmlt,_
g ’ — Background | X g - Expected 95% CL upper limit 7
100k vwo=8TeV 1 _ _— — © 10;‘ e B68% and 95% bands .
i [Lar=130f" 3 = 15=B TeV, | Ldr = 13.0 fo" 2N E
10°E 4 = a4 e [data-fit]/ - EN ]
- 1 s e SN ATLAS Preliminary <
10 E 5 = Q" P¥THIA 8 (3000} - \\ der =13.0fb"
. 3 , g” P¥THIA 8 (3750) _1_ -\\ \s = 8 Tew ]
105— 5 B ]
Y2/NDF = 15.5/18 ] g |
1§— . . . g i3 E
ob ] + Y I P P s
i E - aTLAS Prellmlnary 2000 3000 4000 500(C
2000 3000 4000 fosd mnn o Mass [GeV]
HECOHStrUCled rrh [GBV] seonstete rn"[ ¢ ] —_ T T T T T T T T T T I T T T T
. ; ; o L L. —
2 highest pT jets in an event 2 F ATLAS Preliminary -
Fit m data with smooth function and look for a bump T 0 15 =8 TeV ]
=13.0f"
Fx)=pl(1—x )P P20 i x=m, s 2 10 Jra
_ (=] - Gg /My
Uncertainties: 4% for p *>1TeV (JES), 3.6-3.9% luminosity € [ — : g:g
| i —
. 3 107 0,07 E
Two 8TeV benchmark models used (95%CL limits): 5; : \_\\
Excited quark: Mq, >3.84TeV (7TeV:2.83TeV) j‘}( HN\
- - = - - 07 =
Model independent: Limit on generic Gaussian bumps i = g
:[ Gaussian l ]
More models were tested with 7TeV: 104 sllgnal '| | E
Cl, W'y, Color octet scalar, string resonances 2000 3000 4000

Mass, m. [GeV]

E.

Richter-Was 9 January 2013
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209580, Event Number: 179229707
2012-08-31 20:24:29 CEST

4.7 TeV
=23&22TeV

= 0.05 TeV

E. Richter-Was 9 January 2013 18



Top - antitop

-1
‘tt semi- Ieptonlc | :r;:go;,?;g;{
Several BSM predict existence of heavy particles 3 ATLAS Prehmmary U JData O
decaying to tt. = 10°E [L_s6sm' s=77ev EASingle top [JW-jets
: mw 10° @ Multi-jets [@Z+jets
Here: Lepton + jets channel B LE;. 10 ‘lu‘__ [JDiboson
tt — Wb Wb — fvp qgb (~28% of tt events) > s \l-.-.‘.-l_;-

2 reconstruction scheme: resolved & boosted g e /
,//"//, ”’:I’/!‘"

Second jet: Q 2 F ﬁ//
Jet assignment relies on vicinity S R ,W/;/ /,/,/
of charged lepton = = 7
O —o5 115 3 25— 3.5
m_[TeV]
resolved: Kinematic fit on W and top Hatched: total systematic uncertainty

mass to find best jet combination.

boosted (m(tt)> 1TeV)
Specific boosted jets (single fat jet)
reconstruction needed.
. Disentangle substructures:
light quarks from b jet.

Background: SM tt, single top, W+jets
BG determination of multijet and W+jets
mostly data driven.

=
—=—hadremt1Top candidate
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Top - antitop

4.7 fb' 7TTeV arxiv:1207.2409

95% CL for 2 benchmark models for tt semi-leptonic:

Leptophobic topcolor Z':
m(Z')> 1.7 TeV

I Obs,lgﬁ% CLlupper Ii:nit
-~ Exp. 95% CL upper limit
[ Exp. 1o uncertainty
Exp. 2 & uncertainty
I8 Leptophobic 2" (LO x 1.3)

ATLAS Preliminary
{resolved +boosted]3

B B e e |
Ny =7 TeV

10°
j Ldt = 4.66 fb”

102

6, x BR(Z= f) [pb]

10

10"

10®
0.6 0.8 1 1.2 1.4 1.6 1.8 2

Z' mass [TeV]

Gg, X BR(g,,— tt) [pb]

RS KK gluon:
m(gKK)> 1.9 TeV

\'Il= 7 TeV I I Obs 95% GL upper Ilmlt

-- Exp. 95% CL upper limit
[ Exp. 1o uncertainty
Exp. 2 ¢ uncertainty

BB Kaluza-Klein gluon (LO)

ATLAS Preliminary

j Ldr = 4.66 fb'!

{resolved+boosted

0.8 1 1.2 1.4 1.6 1.8 2
g, mass [TeV]

An analysis using fully hadronic tt has been done as well for 4.7 fb"' 7TeV arxivi211.2202
Larger Branching ratio, but also larger multi-jet background:

Leptophobic topcolor Z':
excludes 0.7<m(Z')< 1.0 TeV
& 1.28<m(Z')< 1.32 TeV

excludes 0.7<m(Z')< 1.62 TeV

RS KK gluon:

E. Richter-Was
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Large ED - dark matter

- Models:
— Large Extra-dimensions — ADD models
— Dark matter — non renormalizable effective theory

- Signature Model Luminosity [fb"'] Publication
= ADD, DM 10.5 ATLAS-CONF-2012-147
= YEm™ ADD, DM 46 arXiv:1209.4625

~ J+E M ADD, DM 4.7 arXiv:1210.4491

E. Richter-Was 9 January 2013



Monojet

Sensitive to:
- Large Extradimension (ADD)—»

- Wimp (Dark Matter)
- Gravitino (SUSY) \

Look for a jet + E ™s

— 4 data samples
Challenge:
- instrumental background

- understand (Z — vv) + jets bacquound

p—y —_
[=] [=]
R =3

dN/ET™  [Events/GeV]
=

Data / BG

ATLAS Frel‘r'mi'rra:y

10 5 fb- BTeV ATLAS-CONF-2012-147

—— data 2012

Total BG

C— Z(—=vv ) +jels
EEE Wi v )+jets

! ) Z{—= 1) +jets

— Dibosons

USSII‘I#E iﬁp—ﬂ Tel (x5}

. D5 M=E0GeT, M= B7IGEV (x5]
'G-lq(é |.|_ =1TeV, M 10%\W (=5}

Ldi=10.51 "

ws =8 TeV

200 300 400 500 600 VOO 800 900 1000 1100 1200

EMN* [GeV]

T EARRDARRY T : —
£ St A[{)D o Wimp 95% CL limits, operator
0 ## son-2 95% CL limits | || D1, D5, D8, D9 of effective theory
< - SN ADD N =6
e . = 1200 AL 3
ATLAS Prelimina \ \s=8TeV, _[ L=1051b" (5 i / ATLAS Pj‘eﬂmlnary ]
100 = — : V=8 TeV |Ldt=105fb" ]
- - E = 1000/~ / =
C ] by L ]
B i § i
: . 5 800 1
g [AEEEEEESEE ]
107 = — E 600_— =
- 4 7 - Operator D5, SR3, 90%CL ]
R T - Sy 3 3.5 -I1455| 40[)_— -Expeciedlim'rl(irv_rzcrem) \ |
MD [TeV] - —— Observed limit (+ 15, ]
nED 2 3 4 5 B 200_— —— Thermal relic ::BS«:W
L s sl " M L
> 10? 10°
[TeV] 3.88 3.16 2.84 2.65 2.58 WIMP mass m, [GeV]
E. Richter-Was 9 January 2013 22



Monophoton

4.6 fb' 7TTeV arXiv:1209.4625

= L I BN B L N AL R
@ —e— Dala 2011 ks =7 TeV) ey .
S mz_E,ans e A j Sensitive to ADD and Dark matter candidates.
& = 4 WiZ =
§ 10k _I-l- di=4.6fb =top :Jajét multi-jet, diboson ] ]
e #lw%félﬁa;:g:;-?{ﬁg@mjm . Look for a photon and nothing else.
o ] = e 8 . N
e R Rk ] Em=>150GeV && p. (y)>150 GeV
107k "j Background: Z(vv)+y, W/Z+y, W/Z+j
107 %
10® ] | DM search ‘
I ST N B S R .-E - T T 7T T T T TTTT T T TTTT T
150 200 250 300 350 400 450 500 10 Flapes CL, Spin Dependent "¥30% CL. Spin Independent T
E;-I [GBV] 010-3d:_ ...... SIMPLE — Picasso }(ENONWD — CDMS .
2107 ) _ CDF, DS, - jtd),,_ !
| S10™} CDF, DB'_‘F_’ 0By, e (517), 05, 8-> v(m . o 4
I ‘ ADD 95% CL limits t B, oof — CMSI5) D8 98- 10T, §—ATLAS, D5, @ Y((T),,
o 2k ATLA Q10 F a --ATLAS, D1, 63— 1{T), o
i ——a | | 910"} -
18:_ —: gﬂ{]aﬁ;- - - . -
B . §10'39 3 ,—E ;
- 95% GL limits, NLO Theory ] D10k S 1
- =—==— ATLAS Observed Limit £ 1o (theory) . 5 aif = \\
- IZE ATLAS Ex_pamad Limit {+ 1) ] - 107 E ___ aTLAS, Da, R E
:_ - gf'g'? (51 _: 1042%--.. ATLAS, D9, o8- v(xT),, . .
- ] 10°F -1
- B 1o4f ATLAS \s=7 Tev,_[ Ldt=46f'T e e ]
;. -] 10"’5 | 1ol L sl il Tl L il r ol Lol
0.8 .~ 1 10 107 10° 1 10 162 10°
m, [GeV] m, [GeV]
Number of Extra Dimensions
., 2 3 4 5 6
M >[TeV] 193 183 183 186 1.89
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Very exotic sighatures

- Signature Model Luminosity [fb™]
@ displaced pjet ~ hidden valley 1.9
N~ monopole monopole 2.0

Publication
arXiv:1210.0435

arxiv:.1207.6411
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Displaced muonic jet

Benchmark model: Hidden Valley

1.9 fb' 7TeV arxiv:1210.0435

Messenger permits decay chains to cross between normal and dark sector.

In this analysis:

H — 2 hidden fermions — 2 dark photons — 4u + X (~20% of decays)

Difficulties:
- Boost of v 2 muon pairs each very collimated — AR<0,1

- v, neutral: displaced vertices, no ID information
- v, Ppair and thus f_, pair, are back to back — E,™** unusable

Challenge for Trigger and reconstruction.

Use of ATLAS standalone muon spectrometer capabilities
Simple clustering algorithm.

Main BG: K/ decays in flight, heavy flavor multijet, cosmics
Systematic uncertainty on reconstruction/trigger efficiency
evaluated with J/y.

Constrains coupling of 126 GeV light Higgs to hidden sector

M, 00e [GEV] ct[mm] ct[mm)]
BR(100%) BR(10%)
100 1<ct=670 5<ct=<159
140 1<ct=<430 7 <ct=<82

95% CL Limit on xBR(H-3y v +X) [pb]

N
. 8]

o]
(=]

—_ -
o [9))

%)

--- expectad limit
observed limit

expected £ 20 (slat.+syst.)
- expected + 1o (stat.+syst.)

- oxBR{H—y ¥ +X) = 05,

ATLAS

\s=7 TeV, j Ldt=1.9fb"
my = 140 GeV

10° 10°

Dark photon ct [mm]
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g _L.\\ First results on 8 TeV data T w fazcel I 5
= jj § C":':'"F" :
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Lots of 8 TeV analyses in the pipeline...

\Surpnse can be around the corner ! ”/

1U‘F ATLAS Preliminary
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S 2 o (UG5 .. {3

Em, “g ZveaeZoum El-ﬂm 3
8 : :
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8TeV result how available
ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

et b G Ll e e i B il st it F F rrry 1 I I 1T 111 1 L L LI ] | LI
Large ED (ADD) : moncjet + £ T s M (5=2)
Large ED (ADD) : monopholon + £ .. M, 16=2)
g Large ED (ADD) : diphaton & dilepton, m,, M. (HLZ 5=3, NLO) ‘:‘r;?ﬁqmﬁ
'% UED : diphoton + E .. Compact. seale 1R
& RS1 . diphoton & dilepton, m_ ,, Graviton mass (kiMg = 0.1)
E RS1: ZZ resonance, My, Gravitan mass (k/My=0.1)
LS RS1: WW resonance, m.., . Graviton mass (k/M,, =0.1) %
£ RS g —tt(BR=0.925): 11— I+jets,m ' g,, mass f Lat=(1.0-13.0) fo
= ADD'BH (M, /M_=3) : 55 dimuon, Ny M, (66) Ge7. BTV
ADD BH (M, M ,=3) : leptons + JGTS ip M, [6=5) !
Ouanlurn black hole : dijet, F qmﬂ M, [5=8)
T gy contact interacfion ;{{m } A
G qqll Cl - ee &uy, A (constructive Int.)
 uutt G : S8 dilapton + jets + £ A
7' (SSM): mes e 248 TeV 7' mass
Z'(S5M) i, |E=AFiE", 7 Ta¥ [1210.6604] 14Tev Z'MAass
5 V' (SSM) im.,  |e=aris?, 3 Tav [12me.esas] 256180 W' mass
Wo—=1q,9 =1) :m, |7 Ter i20essa) amGev W mass
W (—= th, S%M] T |e=tote’, I TeV (120610181 143 TeN W' mass
W™ im,,,, |=azis? 7 Tev [128.4046] 2427V W mass
Scalar LO pair (8=1) : kin. vars. in eajj, evil |t=t.0m" 77av 1111248200 ssngey T oen. LO mass
E:j Scalar LQ pair (F=1) : kin. vars. in pujj, BT V |..- -J, bj’ mass
___Scalar LQ pair {1*._1] kin. vars. in tjj,- e resu t NOW avallapié
o 4" generation : t1'— Wbl
E 4" genaration : B'BYT_ TS,J}—- WIVUE | w7 i0™, 7 Ta¥ (ATLA S-CONF-2012-120] 670 GeW b’ [I'm} mass
3 New quark b’ : bB'— Zb+X, m_  |isalaiessren j1saiaisi a00Gew| b' mass
2 Top partner : TT — tt+ A A, (dilepton, MTj Led7 i, 7 TaV [1209.4188] 4E3Gey T mass :m{Ao:l < 100 GeV)
) Vector-like quark : CC.mh,q L=, 5", 7 TaW [ATLAS-CONF-2012-137] 1221w VLO mass (change -1/3, coupling k g =v/m,)
Z Vector-like quark : NC, Ty L= 17, 7 TaW [ATLAS-CONF-2012-137] 1087y VLQ mass (charge 2/3, coupling Ko =vimg)
g TExcited quarks y-jét resonance, m
E % Excited quarks : dijet resonance, m " mass
W= Excited lepton : |y resonance, m I mass (A =m(1*))
o Techni-hadrons (LSTC) : dilepion, m,,,, Py MAsS (mip, fon ) - mix;) = M)
Techni-hadrons (LSTC) : WZ resonance vIll), s p, mass (mip ] = min,} +my, mia ) =1.1m{p )
3 Major. neutr. (LRSM. no mixing) : 2-lep + jets M mass [mW ] = 2 TeV)
£ W (LRSI, no mixing) : 2-lep +jets W, mass (m(M) < 1.4 TeV)
O H* (DY pmcl BR(H*—ll}=1) : SS ee (u), m, H:* mass (Imit at 398 GaV for py)
H* (DY prod., BHh—F “—ep)=1): SSep,m * H mass
Color ootet scalar - dijet resonance. m Scalar resonance m
............................................................. A — A Mkl e ; T

n 1 10 10°
Huge amount of results, only a selection shown above Mass scale [TeV]

Red lines a!on_g a limit indicates 8TeV data
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Parton luminosity

wJs2012
100 =% T - — T — T I ]
[ ratios of LHC parton luminosities: ; i
[, 8TeV/7TeVand 14 TeV /7 TeV p i
K ' ',‘.r ]
i % i
P ' !
(@) gg_ / *1
--_.c:'ts e qu f‘ : ,fl
— R /'J,"'
> a9 P /
= 18 > [
o : /_/ Vg ,! :
g ! L < e -
L T s o ]
g I i = - " . -~ "':;r ]
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Parton luminosity

ratios of LHC parton lumin

ZEBTeVz’? TeV and 14 TeV

—ag
-~~~ ¥gg
v ga

luminosity ratio
o
|

LHC parton
luminosity

W Ienn4n |

now
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Luminosity: collider figure of merit

} The key parameter for the experiments is the event rate dN/dt. For a physics

process with cross-section O itis proprotional to the collider Lu minosity L

interaction region

i N/ ar=1loc —D /A —

1/ surTrace x ‘-I
( 55 : ) Nj H /;” "H N2
area A

} The luminosity can be expressed as (for equal particle populations and
Gaussian profiles)

* # . .

o’x,a y.transverserms beam sizes.

*
ﬁ betatron function

k/vTsz kMNz ry

L £ beam emittance

4ro o A €

0 Q o O

k . number of particle packets /bunches per
beam.

O NT/Z’ . number of particles per bunch.

) RXNT/Z . total beam intensity

O F. revolution frequency = ?TZEKHZ

To maximizeg Lwe need.

cwa IO ISIOMEES O T BB
C)Large N, large k,

. * combination l
(_)Smallest possible ﬁ o & o
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Luminosity production 2012

> Maximum integrated luminosity per day: 286 pb-

1fb

on a good week,

’ |ntegrated luminosity 23.7 fb_1

best week. 135 fb_‘|

1

(as or 05/12/2012)

25 M Luminosity Target - Original 5 Le::rl:lIl::IElseL\ro:Ionmcm
: : : : [ Luminosity Target - Extension A
' ' Technical Stop I CMS Delivered Luminosity
. 1 —_
o5 | BN CMS:23.256 1 :i‘:.chn::t:wmment Togh Firski fll: 2268, Lesthl: 3376 | ..l i
BN ATLAS: 23.255 fb ! ' g Proton-Proton: vs = 8 Tev
—_ o z Original Estimate = 16.37 fb*
- ] LHCb: 2.189 fb = | Extended Run Estimate = 21.98 fb !
a _ . -1 S I5- CMS Delivered = 2326 fb ! amed |
¥ 20[ (W ALICE:9.81 pb E
E First fill: 2463 Last fill: 3;3?8 3
a Proton-Proton: s = 8 TeV ; T 10f
: b
E 151 Al Experiments L,,, = 4871 fb™' S g
= : : E
| B 5l e ]
o
@ 101
7]
2 ' i
K] 19!02 Q7104 27102 16/07 04/02 24/10 13/12 01/02
a LHC 2012 proton-proton Run
19.;’02 07/04 27/05 16/07 04/09 24/10 13112
LHC 2012 proton-proton Run
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Luminosity production 2010-2012

]ntegrated luminosity for ATLASKCMS reaches now — 28 Fb_1.

e r;n 20?2, we spent 37% ofthe scheduled time delivering collisions

to the experiments (‘stabie beams ’), compared to 33% in 2011

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-06 00:32 UTC

M
(5}

= 2010, 7 TeV, 44.2 pb '
w2011, 7 TeV, 6.1 '
— 2012, 8 TeV, 23.3 10 !

]
o

=
o

[
=

u

rxlﬂﬂ

\ X '
xtﬁa‘i ‘3..\60 1-\0 -&P’ﬁq 1_66? 'LD" .““d‘ .\_90‘-
Date (UTC)

Total Integrated Luminosity (b ')

T‘
%,

o

25

20

15

10

Mode: Proton Physics
Fills: 2469 - 3378 [757 Fills]
SB Time: 73 days 7 hrs 5 mins

B Access - No beam : 13.73%
Machine setup : 27.61% [l Beam in : 14.86%
B Ramp + squeeze : 7.83% [ Stable beams: 35.98%
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Peak luminosity 2011-2012

Overthe Iast2 vears the peak luminosity was progressively increased.

o] Through the beam intensity (mainly 2011],

o] Through beam size reduction at the ”:)

™

@ Qecord PeakL:7.7XT jjcm_gs_}'
35 Te\/ Reduce a*

75% of Design Luminosity

@ Half design Energy and
Halfthe number of

bunches”

= m =
.:\IJ‘” - (%)
' — oo
E ?:_ Reduce o* -3 9
8 b by 20% @
(&) - c
- @ —4 Q
> 5l 2
= - 5
8 - lncrease — 3 ©
£ 4 E
E - N& k “ c
= - =
- 33— - O

= 9 12 =

20— ro

- »

- % — 1

1= * . >

E ,. e . X .

N T S-S I SRR - SIS S DA P

01-Apr 01-Jul 30-Sep 31-Dec 01-Apr 01

2011
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LHC machine 2010-2012

Main changes in 2012
re Beam eﬂergy.'4TeV.

. * . ) .
~ Reduction ofB v d tighter collimator settings.

Parameter 2010 20"1 2012 Nominal Constrﬁi"ed
N (10" o/bunch) 1.2 1.5 1.6-1.7 1.15
k (no. bunches) 368 1380 1380/1374 2808 Bunf:h
Bunc:h spacing (ns) ’|5O 75’50 50 25
& ('.,l,m ra d) 2‘4—4 ‘] 9—24 22—25 375 |n_jectors
B* (m) 3.5 1.52>1 0.6 0.55 Aperture/
L (¢ m2s7) 2x1032  3.5x1033 7.6x1033 1034
Pile-up 3 19 35 23
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Next topics

» 16.1 - B-physics programme
» 23.1 - heavy ion programme
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