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* LHC performance and ATLAS & CMS data taking

* Background for
New Physics (Beyond Standard Model) searches:

 SM precise measurements
* HIGGS BOSON DISCOVERY !
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 Review of searches

E e Superymmetry
2‘  Exotica: exotic signals and/or exotic models, e.g.:
g - High mass resonances - Black-holes

- Long-lived particles - LeptoQuarks, etc....
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Geneva, 17 December 2012. This morning
CERN completed the first LHC proton run.
The remarkable first three-year run of the
world’s most powerful particle accelerator
was crowned by a new performance
milestone. The space between proton
bunches in the beams was halved to

further increase beam intensity.

LHC Pagel

LHC Performance

Fill: 3458 E: 0 GeV

' "[d MeSIeAA |

Parameter 2010 201 2012 Nominal
N ( 10" p/bunch) 1.2 1.5 1.6-1.7 1.15

k (no. bunches) 368 1380 1380/1374 2808
Bunch spacing (ns) 150 751750 50 25

L (cm2sT) 2x10%2  3.5x10%%  7.6x10% 1034
Pile-up 3 19 35 23
Beam Energy (GeV) 3.5 3.5 4 7

2015 — 6.5 GeV

18-12-12 23:08:02

SHUTDOWN: NO BEAM

Comments (17-Dec-2012 05:35:03)

See you again briefly for p—Pb in 2013.
High energy proton proton physics will
be resumed in 2015,

So long and thanks for all the fish!

AFp: 25ns_780b_744_696_744_96bpiginj
M. Kazana
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Link Status of Beam Permits | true [l true |
Global Beam Permit
Setup Beam
Beam Presence
Moveabhle Devices Allowed In

Stable Beams
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CMS Integrated Luminosity, pp
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CMS data taking

 LHC Delivered 23.27 [fb
N o CMS Recorded 21.79 /fb

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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= For analyses ~20/fb

Actually 5-13/fb used

CMS Integrated Luminosity Per Week, pp, 2012, Vs = 8 TeV

Data included from 2012 04- 04 22: 37 to 2012 12-16 20:49 UTC
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CM = .
b ATLAS data taking

v

. Even better performance — more good quality data
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2 - [ LHC Delivered . ‘3_ 1601 [ Vs=8TeV, [Ldt=20.81", <u>=207 ]
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* High pile-up 2012

 ATLAS:Z — upu event with
25 reconstructed vertices
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SM tested to per mil [evel

“1d mestep)

e Precise measurements

Measurement Fit 0™ oliicls ) ) )
9.1 .2 3 give hints to Higgs
m,[GeV] 91.1875+0.0021 91.1874 properties and shows
r,[GeV] 24952100023 2.4959 . :
gﬁad [nb]  41.540:0.037  41.478 windows to New PhySICS
R, 20.767 £ 0.025  20.742
o 0.01714 £ 0.00095 0.01645
A(P) 0.1465 + 0.0032  0.1481 Top vs. W masses -
R, 0.21629 + 0.00066 0.21579 80,5 [rmrer e e
R, 0.1721 £0.0030  0.1723 etk S i P
A" 0.0992 + 0.0016  0.1038 ais PRI R R
AY° 0.0707 £+ 0.0035  0.0742 E g
A, 0.923 + 0.020 0.935 S s04 - E
A, 0.670 = 0.027 0.668 S : .
A(SLD) 0.1513£0.0021  0.1481 5 : ;
sin“0°?(Q,) 0.2324+0.0012  0.2314 SssE p,
m,[GeV] 80.385:0015  80.377 B q
r,[GeV]  2.085z:0.042 2.092 803 - ]
m,[GeV]  173.20 = 0.90 173.26 W AN _ AT
| 155 160 165 170 175 180 185 190 195
March 2012 0 1 2 — Mgp (GeV)

M. Kazana
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Standard Model

S.10° ks E . ATLAS Preliminary
5 [ e i i i 5 5 5
k! — S— LHC pp {s =7 TeV
© 4 B 35 pb” : : Theory
107 ' ' m Data 2010 (L = 35 pk™)
= o Data 2011 (L=1.0-4.7f5"
10° LHC pp Vs = 8 TeV
= mm Theory
— e Data 2012(L =581
— : o ; : : :
100 tom' i
- ' L 10" | —
N 5 47" |
' ' = . : 5.8 fb™
10 1 461b 2 =8 (]
- ' P47 !
T T 7 g ot w wz w1z

‘ld mesiepp |

- Higgs
gluon-gluon
fusion

(~125 c~19/fb)

* New Physics: typical cross sections below 10 pb

* Low Mass SUSY had higher cross sections (excluded earlier)

M. Kazana

“BSM at LHC”, Warsaw, 21.12.2012

II



Higgs discovery

7| ATLAS average: CMS average:
125.2+0.3(stat)+0.6(sys) GeV  125.8 +0.4(stat) *o. 4(syst) GeV

CMS preliminary Ns=7TeV,L=51f"Vs=8TeV,L=12.2f"
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200+ Data ATLAS Preliminary E I « Data :
n C *
D18 B Background 22" HoszZ"say - - Wz 1
L°>J161_ B Background Z+jets, tt > 20+ | . —
- [ Signal (m =125 GeV) c i : I:I a2z i
- o [ . i
4L - 7%/ Syst.Unc. |.|>.I i |:| m,=126 GeV
15— —
12 - 7

" \s=7TeV:|Ldt = 4.6 fo
- \s= 8 TeV: [Ldt = 13.0 b

10—

o g
100 150 200 250 80 100 120 140 160 180
My [GeV] m,, (GeV)

 The newly discovered particle is a boson with spin 0 or 2
Spin 1is ruled out by the Landau-Yang theorem, as it can’t decay into two photons

* The coupling structure has been confronted to
the SM predictions. Overall very good agreement observed

* No evidence for non-standard higgs production or decay is found in
several models (hint from b and tau channels)
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959% CL limit on ﬁfﬂs

~ _ CcMS, Preliminary, H—>t 1, L = 17 fb"

Higgs discovery
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A

5-“ L L] L} L] I L) L] L) " I L) L] L] L} I L) L) q I ; l ; I _I : . : : - I [)Iatla I I
—s— observed f wLE 30__ CMS PI‘E|II‘I"III'I3I‘}' —— Sub. stat. uncert.

4.5 expected 0 For mH =] 25 GeV: ; | \a=7TeV,L=5.0 b’ ==t) VH(125 GeV)
4.0 | [ £ %o expected 0 1.500 obs. (2450 exp. 5§ | : iBJ:?"'HL =;§'1 o~ MC uncert (stat)
ef L 1ETewe o gg 07405 @ 60" 0 For my = 125 GeV:
20 é i 02.20 obs. (2.20 exp.).

YE 40 _
2.5 = ﬂ O-I O-SM_ 0.7 i0.5.
20F 20/ + + '
1.5 - |

0 e ;
1.0 . .
o &

0.5 : { _; 20- gl PR i I T

-u [ 1 1 I 1 [ 1 | | I 1 | | [l [ 1 I 1 I: g 0 1ﬂ0 200

110 120 130 140 M [GeV]

m,, [GeV]
The newly discovered particle is a boson with spin 0 or 2
Spin 1is ruled out by the Landau-Yang theorem, as it can’t decay into two photons

The coupling structure has been confronted to
the SM predictions. Overall very good agreement observed

No evidence for non-standard higgs production or decay is found in
several models (hint from b and tau channels)
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 SMis a successful theory!

BUT:
 What is the Dark Matter? —

Unification
L 3

* Why the Higgs boson is so much

lighter than the Planck mass?
(hierarchy problem) Z_ N\

Electromagn Weak Strong
* Do fermions have spin-integer partners? eticForce  force force

* Maybe Higgs partners are around corner? : :
Electric Magnetic Gravit
Force Force ravity

* Why gravity is so weak?

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 14
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. SUSY provides a solution to the Higgs mass
hierarchy problem

* SUSY contribution cancels SM divergence

in mh radiative corrections ey ,s"s"'“zfg’ @

* SUSY allows unification oL 8
Ve Vi Vi «Z
of gauge couplings D@

* In SM, the couplings “run” but do not cross each other
at the same energy while in SUSY they do

e SUSY can predict a Dark Matter candidate

SUSY Particl

7))
Q)
(13

* R-parity conservation: Lightest
can be the WIMP

uq
W

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 15



e PRODUCTION of SUSY
event at the LHC:

* MAIN SIGNATURE:

Signatures of SUSY

max (g, q) l high Pt jet
min (g, q) _
A ‘ l —
10 42 [ | — et
%"'l}
1

( missing )

lepton or photons

large MET + multijets + (multi-leptons or photons)

* MAIN BACKGROUND:
QCD, ttbar/W/Z associated with jets

e Basic search CHANNELS:

0-leptons | 1-lepton OSDL SSDL |23 leptons | 2-photons | y+lepton
Jets + MET Single Opposite- | Same-sign | Multi-lepton | Di-photon + | Photon +
lepton + sign di- di-lepton + jet + MET lepton +
Jets + MET |lepton + jets | jets + MET MET
+ MET
M. Kazana “BSM at LHC”, Warsaw, 21.12.2012
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CM i | .
e SUSY Analysis

* Event selection cuts and definition of signal regions:
* Cutinaset of variables that can discriminate between signal and backgrounds
* Background determination:

e QCD and fake backgrounds: estimate from data

* top, W/Z+jets: estimate from data when possible or with transfer factors using
background enhanced control regions

* Smallerirreducible background using MC

Estimate all uncertainties:

* Experimental uncertainties: jet energy scale calibration, b-tagging eff....

 Theoretical uncertainties: renormalisation and factorisation scales, PDF....

Look into the signal region: Excess in data?

e If not, derive exclusion limits

* Interpretation
M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 17



Popular framework for SUSY
BEGINNING

e MSSM: the most popular Minimal Supersymmetric
extension of the Standard Model

* too many free parameters...

* assuming simple scenario of SUSY breaking:

e Constrained MSSM or
e [m,_,m,, ,A0,tanf ,signy] o
R TP R AR »SIgN| 100
s ™0
. . (3 300 [
e Typically: 7 ook
= :

- gluino mass =~2.7m,, g - q

oF | -

- squark mass =V(~6m’  +m’ ) ~100 B

200 SR SRRl -

]I2“l1411“6‘“IBHH10““12LLM14”“16”

log10Q (GeV)

M. Kazana

“BSM at LHC”, Warsaw, ________
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 Dominant processes of SUSY events production at LHC
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sleptons, charginos,

neutralinos production

gluino-gluino

200 400 600 800 1000 1200 1400 1600 1800
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- SUSY STRONG production

| ATLAS-CON F-2012-109 |
E 1[' EI I rrri I LI '\'L\_I LILI | LI I LI I rrri | LI IE
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-I_ 102 - Il Diboson - H:__'.“‘ '\ —_ __\k B — Observed limit (+1 Umeury)
E = ] 650 — .« \ ===- Expected limit (+10,,,)
B — E_ . ___'\\ ‘\ P Sl
L _ 600 — S \ Observed limit (4.7 fb™, 7 TeV)
” 10 E - i - Non-convergent RGE
E g § 290 £ . [ o Ew-sB
S i ) 500 & ‘ ‘ i |
~ E E - — e —
%) g X g =AN : -
= L0 ] 450 — ‘.
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= i E| . |
€ g e E 400 E-E Xduded e
@ ~ 1 55_ ........... I E : #
= < ~E E 350
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’ ; ! ! ! ! 3 1 ) ; C 1 I 1 1 1 L 1 | | 1 i «I.— T T I I | 11 1 1 1
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CMS Spaghetti

~+ Observed limits from several 2011 CMS SUSY searches plotted in

“1d mestep)

the CMSSM (m_,m,,) plane
CMS Preliminary L _ =4.98 fb',Ns=7 TeV
;‘ 800 I I 1 l I I I I | | | | I | I I ] I [ I I | | | I I I I—_
O ’szw ke %‘1 ':;-‘;1 tan(B)=10 .
O, 700 N 3, N i
S SO C ) = 1500 ﬁj =01 73.2Gev|
E 600 B RAZOR
| |er27 ]
500 W2z, |3 AIphaT
400 m(Z) = 1000 _f
300
E o 1 Lepton d
200 Multi-Lepton \NQ,B .
o
1 500 1000 1500 2000 2500 3000
m, [GeV]

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 21



RAZOR

« Razor variables R and M, designed for final

CMS Sl"uﬂur (i:"-'Tr\' rLd:—.‘:'m pb ilsjeis
state topology characteristic of R-parity SUSY 05} g

e Selection: '
Group all final state objects (jets,leptons) %025

into two mega-jets 0.15}3 :
. x : o i _'-._ o ._' .._ .;:. ::
\ 03 In simple case: 0.05p A
Egi S = squark ) 500 1000 1500
/ X = jet M, [GeV]
B o e X 0.45
; . Peaks at '
M = \/ (| + 17 )? - (2 +92)? Vi Mie O
A= -
Mg 220.25
Emi‘.ss 1 2y _ Emiss . 1 2 -
n_ M[  Ratio of two estimators of SUSY scale — 0.05¢ 3§ b
'~ Mpg describes transverse shape of event ‘ 1000 1500 2000

M. Kazana “BSM at LHC”, Warsaw, 21.12.20 My [Go¥)



Inclusive Razor

7 | CMS-PAS-SUS-2012-005

“1d mestepp |

e Selection classify final states into
exclusive boxes: HADron and

extrapolated to signal region

- Slgnal
R Sensitive LEP(e,) ones
AN o Redi .
& egion * Background functionally
=

e 2D fit performed independently for

T MR BOXes

> F CMS Preliminary \/s = 7 TeV > b .
O - _
5 ok HAD boxjnLdt Z 441" : - CMS Preliminary Vs = ?1’ TeV
g 107 . Data : HAD box f Ldt = 4.4 fb
B - — SM total 3
E T MU-like effective F 0% 2 g
> 10° — V4jets T | _ - MU-like effective
L = ti+jets 1 plus ELE-like effective C — V+jets T° component
- B - fi+jets * plus ELE-like effectivg
10 ! T
B 2
13 e LLI_I_
E 1 1 1 | 1 1 | | 1 1 1 L = nt WI thl _SM |e_x|p|G|_qtatl9nsl L L | L L L L | L L L L
400 600 800 1000 1200 1400 1600 02 02 03 03 04 045 05

My [GeV] R



AlaphaT

‘ld mesiepp |

 AlphaT: For events with 2 (pseudo-) jets:

ar = E7?/ My = ETJE/\/HTZ — W
/ \

1 - T = =\ A FE A = =~ ' 1A eviedka
ess energetic jet transverse rmass of di-jet systemn

L jet
e HT: Scalar sum of the transverse energy of jets HT — 23‘21 ET
e MHT: Magnitude of the vector sum of the transverse momenta of jets

HT :‘ 21—1 T‘

e T is used as the main discriminator
between events with genuine and miss-reconstructed MET
— QCD multi-jet background can be
suppressed significantly with a cut on aT

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 24



7 AlphaT behaviour
Ve /y

* For a perfectly measured dijet event %
with ETj1 = Etj2 jets are back-to-backin¢g 7 S bl s
in the limit of large jet momenta e
compared to their masses aT = 0.5 MET from LSPs

“1d mestepp |

* aTis smaller than 0.5

in the case of an imbalance in e o
the measured ETs of back-to-back jets SIGNAL topology
CMS-PAS-SUS-2011-00
* aTis greater than 0.5 Stk . >
© E CMS,1.14fb"Ns=7TeV =
When the tWO jets are ‘5103 E_ r QQ@;&QQQ ztaat:dard Model _E
not back-to-back . B oL e s
and balancing genuine MET - H T S
S . . -
i celect Too 10g ; N \\\\\\s 5
* Final selection: aT > 0. - o S I ThE o )y
makes background QCD free 2RI 8N
0 02 04 06 08 1 12 14 16 18 2
ol
M. Kazana “BSM at LHC”, warsaw, 21.12.2012 ;.5



P CMS-PAS-SUS-2012-028

Recent AlphaT with b-jets

-ld mestep |

e New inclusive search with 11.7/fb at Vs=8 TeV

* Suppress QCD by requiring aT>0.55

* Z,W and top backgrounds measured in (2)u+jets

and y+jet control regions

+ Fitin HT and ;
b-jet multiplicity (0 - 4) @
* No excess
observed anywhere

M. Kazana

10°

10?

10

I | I I I I | I I I I I
CMS Preliminary, 11.7 fb™, Vs =8 TeV

——«—— Data (hadronic sample, n = 2; njz 4)
Standard Model + Expected Unc.
e SM+pp 85,5 bb%,

(m§= 1100 GeV, m?O = 500 GeV)

?

1

1 ‘ N | N | | [ | | [ | | [ | 1 | L1
300 400 500 600 700 800 900

H. (GeV)
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m(q) [GeV]

* Limits in terms of squark and gluino masses

2000
1800
1600
1400
1200
1000

800
600
400
200

M. Kazana

* m_squark > ~1.5 TeV

* m_gluino > ~900 GeV

CMS,J L dt =4.98 fb'1, Vs=7TeV :
— Observed

---- Observed +1c signal theory

=== Expected 16 exp.

I Tevatron Runl
[ CDF Runll
[ DO Runll

‘JIlIIIlIIIlIIIlIII

tanp=10,1>0, A =0

no CMSSM
solution

1200 1400
m(g) [GeV]

squark mass [GeV]

N
o
o
o

MSUGRA/CMSSM: tanp = 10, A0= 0,u>0

Preliminary

0-lepton combined

3,u<0

Do, Run Il, tanp

LI I LI T I LI | T 7] :I LI T I

ATLAS

_[ Ldt=58f5 1s=8TeV ™,

susy

= Observed limit (1 Cineory
- —— Expected limit (10,
‘:| Theoretically excluded

Stau LSP

200 400 600 800

“BSM at LHC”, Warsaw, 21.12.2012

1200 1400 1600
gluino mass [GeV]




M. Kazana

Strong constrains from direct searches

Allowed phase space is getting squeezed

Flavour physics (recent result
from LHCb Bs — 2 1)

remains in good agreement with SM

Light Higgs-like boson at high
end of CMSSM preference

Higgs mass range

N. Arkani Hamed May 2012

]
1
SM (valid up to Mr) _
I
:
MssM I
:
]
Composite Higgs

Higgs boson emerges as a pseudo-Goldstond boson from a strongly-interacting sector

1 GeV
50 100 150 200

“d mestep)

Phys.Rev. D86
(2012) 075010
arXiv:1206.0264

2.0

0.8

1.2r

" solid: 1o reglon
dashed ,?cr r

L

BayesFITS (2012)

_.--Pos df

Best fit
® Posterior mean

_ _ L7 ATLAS (471 %)

CMS Razor (4.4 *)

I[],BI

“BSM at LHC”, Warsaw, 21.12.2012

L L L L | L L L L L L
1.6 2.4 3.2 4.0
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SUSY —not just one model

-ld mestep |

Many possible variations SUSY Theory phase space

SUSY breaking mechanism:
gravity-, gauge-, anomaly-mediated, .

* Long lived sparticles?
s R-parity = (-1)*®"*** conserved?

* If not, RPViolating models

CMSSM

Wide range of possible
signatures for SUSY to
be searched for T. Rizzo (SLAC Summer Institute, 01-Aug-12)
and many ways to hide

The goal is to find hints of SUSY particles in the LHC range
— New interpretation of results preferred

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 29



SMS limited to a few particles,

-ld mestep |

e space,

S‘- T |~-’| |"-‘0
o 800 48— a¥,

2-3 body decay chains
Topological signatures group large sectors of phe
SMS limits can be used as J

reference and translated
to different theoretical models

e Mass limits assume SUSY
cross section production

 |llustrate sensitivity independently 1
of SUSY-breaking model

M. Kazana “BSM at LHC”,

Expected Limit +1 o exp.
oNLO+NLL + 1 5 theory

| cms Preliminary, 11.7 fb’, /s =8 TeV

CMS-PAS-SUS-2012-028

95% C.L. upper limit on o (pb)

AlphaT

300 400 500 600 700

800 900 1000
msquark (GGV)



CMs,| .
— All-hadronic SMS at ATLAS

e %'Fi_hail states with 23 b-jets of pT>30 GeV and large MET probe gluino
mediated off-shell stop and sbottom production

-ld mestep |

« Signal regions defined for M_..4j , Aqmin (4j,MET), and MET>200 GeV

g9 production,§ — bB+z:’, m(@) >> m(g) L™ =12.81b" {s=8 TeV dg production, g — tf+zf, m(@) >> m(g) L™= 128", 1s=8 TeV

; B T T I T T T | T T T | T T T | T ] ;‘ TrTTr1rrrr7Tr17T17T 1T 1T T T TTTT I TTTT I TTTT I T TTT | T TTT | T TT | T TT
i) L - I ) ~ o n
©} 1400 - ---- Expected limit£1o,, 1 @ 1000 ---- Expected limit£1c_, . _
I - o S Ay) e o susy ] O - o~ S Lt) e A susy ]
= 1200 - —_— Observed limit + 1 Clheory ] £ - — Observed limit + 1 Olheory
- 3b-jets, 4.7 fo" at7 TeV - 800 — 3 b-jets, 4.7 b at 7 TeV —
1000 [— All limits at 95% CL — i All limits at 95% CL ]
800 — ] 600 [— —
600 [— . - — - e, i
- % . 400 |- o —
N % ] B 1
400 [— ] — B .
N : ] L A
N P ] 200 — —
200 p-= i — - .
[ -1 - -

- H L9 — H :
- : 1 - H H —
1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 | I; 1 h; | 1 0 L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 | 11 1 i | 1 1 IE | L1 1
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ATLAS-CONF-2012-145
* Probed gluino up to ~1.3 (1.25) TeV for Tibbbb (T1tttt) SMS models
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. Final states with leptons and MET are also used in ATLAS to test models
with a gluino pair decaying to 4 tops and neutralinos

e Tri-lepton search: >3 iso leptons of pT>15 GeV, either eee, puu, and epp or
wee (with SS or OS e/u pairs). Search regions based on Njets, MET

* Same Sign lepton search: ee,up,eu with pT>20 GeV and 24 jets with pT>50

9-9 production, g— 13", m(q) >> m(g
Gev Search reglon requlrement Of MET>> 900?|g|p| T TT | T Igl T | T ? T I(‘(q)l T T |(g\)| T T T T 1T L | \_
[0} C .
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o F Observed 7TeV data 3 600 -~ ___gg dilepton, 2 fb’! \isp7 TeV e e
(|\j 700 E_ _______ Expected 7TeV data _E E —— 3b-jets, 4.7 bl Vs=7 TeV ‘ 33 219 138 106 100 8% /z:
L = 3 500 — All limits at 95% CLg ' 3d2 207 127 105 84 80 78 72__
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*Probed gluino up to ~900 GeV for the T1tttt SMS model
M. Kazana “BSM at LHC”, Warsaw, 21.12.2012

Numbers give 95% CL_ excluded model cross sections [fb]
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Search for t's with Razor

(% S R % 10% CMS Preliminary ys =7 TeV—e¢— pata
[ ) Razor apphed g MU-TAUboxJL=4.7fb‘“ %I\!E;Zt?tpl . o o 4 bOXQX
&0, 3; t+§Ls ml:ﬁe ective eV/c?
to T+jets final state £ PR MU-TAU
5 C
o 102 = T>=1 & U>=1 & Oe
10%
g t
1 1
E —I—L_
400 600 800 1000 1200 1400 1600 1800 2000
My [GeV]
CMS-PAS-SUS-2011-029 I
| PP_’gg g—>qq+x X _’TIX . - pp-’gg g—>qq+x X —>v1:—x _ ™
1000_ CMS Preliminary Razor Tau 11 g 800 CMS Preliminary Razor Tau 11 ©
i s_7TerLdt_4_7fb 1410 E TOOF s=7TerLdt=4.7fb —f ~ 10 =
- 3 o, - al— =
- 800 —o‘gserveg ﬁrmt (Ui)rod =h0.NLO-NLL) 1 1 ‘6’ — 600F —ogserveg %lmlt (Oi’FOd(ThC;NLO-NLL) q - ‘6’
- = 4 7 - --observed limit + 1 o (th. |
% = _omggilzne explgclztt&j 1&% ) 4 1 = % 500 — median expected limit =l 8
45 600_* - - expected limit = 10 (exp.) = 1 S &, - --expected limit = 10 (exp.) - =
=L - B w=400p 3 3 I g
& 4001 11 & 300F N ¢
L || = Q. - 45 - o
- = 1 & — 3 2
200~ % 10 3 fgg_ | Bk
ke . i @) = | I = @)
200 400 600 800 1000 § 200 400 600 800 g\f
m, |GeV] N m, [GeV] N



Direct stop production
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Searches use 0/1/2-lepton final states optimized for different sparticle
masses and stop decays (low/medium/heavy stop analyses)

t.t, production Status: December 2012
] 1
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CMS Preliminary s =8 TeV, L = 9.2 fb™"
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where the third lepton is either an electron or a muon
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My < 75 GeV

75 GeV < My < 105 GeV

Mr (GeV) | Ef™ (GeV) total bkg observed | total bkg observed
50 - 100 2.1+0.5 4 3.3+0.5 3

- 160 100 — 150 1.7+0.4 0 118:|:O.2 1
150 — 200 0.84+0.3 1 0.63+0.16 1
> 200 0.25+0.20 0 0.58+0.19 1




e Summary of results for

Search for neutralino-chargino

CMS Preliminary

ls=8TeV,L =921

Chargino._neu't.ralino % _I [T ||_|EIPI2 ISIIEFLth)nl |IInq||t| T T 1 | T T T | T T 1 | [
prOdUCtlon Wlth decayS tO 9 800_— - LEP2 chargino limit
left-handed sleptons, right- er | —pp > 1.7 (1, BF(I'T)=0.5)
handed sleptons, or direct & [ - PP = 1,7, (T BFUT)=1) N
decays to vector bosons, and 600 m pp =, %, (nol, BEWZ)=1) [ =
chargino-pair production - T Vo BRI, 5
w
. . 400+ -
* Chargino-neutralino : A
— wn
limits extended ool 3
up to ~650 GeV . :
& :\‘i\c\l | .I:.| [ I | | I-E:.I L 1 | | I":.I | | | I I | |-‘Ii | | | | I_
* Slepton (chargino) mass P00 200 300 400 500 600 700
limits extended up to m, =0.5m,. +0.5m,, m.=m. [GeV]
1 1 \..1 \.-2
~275 (450) GeV
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Single Photon Search
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. WSiAhgle y analysis from higgsino-like neutralino

NLSP GMSB model 1 photon (pr > 125GeV) | mr(y, ER*) > 100 GeV
. . > 2 jets (pr > 20GeV) Ag¢ (EZS, jet) > 0.4
e Selection: one iso photon, > 1 b-tagged jet veto /s
one b_jet, and MET ET"® > 150 GeV veto second photon
* For higgsino-like neutralino masses > 220 GeV,
gluino masses are excluded < 900 and squark < 1020 GeV
= 100 G(f“.‘". h.'QQI?'_"F’T".k.e neutrafino, tanf=1.5, <0 _ n o 1200 ?ﬁ“."f.“.igﬂsjﬂ‘."."f‘ﬁ L
S 1000E 2 & 1100% £
@ = 2 1000 -
g 9005 =l = -
2 800F == Observed limit (+1c5eo") 4 = 9002 E
£ £ = S o E
G 700  ---- Expected limit (+10,,,) — auj' : - - - - Expected limit (+10,,,) é
600E-  Alimits at 95% CL ATLAS = 700 C AlimitsatesCL ATLAS E
= _ 1 - 600 _ 1 E
50{]5_ det =4.71 _E 500; del =4.7fb —f
400 Vs=7 TeV = 4005_ Vs=7 TeV E
= gNLSP E - GNLSP :
| . E 3
800 200 300 400 500 600 700 800 900 100'0 300 200 300 400 500 600 ?UO 800 900 100'0 1100
Neutralino mass [GeV] arXiv:1211.1167 Neutralino mass [GeV]
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Maybe SPLIT SUSY !

S s Susy
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AN
, ik Unafam4=on//
cason (oo's g
oyt el
\fd% J No Flavor,
== of woduli, -
’R Pum(_l‘ ) cf mo )
C:crﬂw‘?o[mri S 1 Fc(m.mn; pi‘o\o\em_s

\ Nima Arkani-Hamed - SavasFest 2012

* In SPLIT SUSY, the light Higgs implies particular characteristic
cT, which is similar to generic case of heavy SUSY

* Preferred SUSY breaking scale of 10*-10" TeV implies
CT~10°-1s

* CT ~1-100 ns — very challenging range experimentally
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Long-lived Particles searches
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* ATLAS and CMS performed a large set of inclusive
searches with different signatures and methods
* No evidence of SUSY particle production found
e Squark and gluino production (1st /2nd generation)
e Mass limits above ~1.5 TeV in context of cMSSM and SMS
» Sbottom/stop masses probed up to ~650/430 GeV for some SMS

* SUSY not restricted to the simple cMSSM or SMS is examined
 Different SUSY breaking mechanism
 Compressed spectra, low MET

* Beyond MSSM (nMSSM, etc), R-parity violating models

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 40
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ATLAS SUSY Searches*

95% CL Lower Limits (Status: Dec 2012)

[ [ T T T 11
1=5.81h", 8 TeV [ATLAS-CONF-2012-104]

L=5.81b", 8 TeV [ATLAS-CONF-2012-104]
L=5.8fb", 8 TeV [ATLAS-CONF-2012-108]
L=5.8fb", 8 TeV [ATLAS-CONF-2012-108]

L=5.8fb", 8 TeV [ATLAS-CONF-2012-152)

L=10.51b", 8 TeV [ATLAS-CONF-2012-147]

L=12.81b", & TeV [ATLAS-CONF-2012-145]
1=5.8fb", 8 TeV [ATLAS-CONF-2012-105]
L=13.0 b, & TeV [ATLAS-CONF-2012-151]
1=5.81b", & TeV [ATLAS-CONF-2012-103]

L=12.81b", 8 TeV [ATLAS-CONF-2012-145]

L=12.81b", 8 TeV [ATLAS-CONF-2012-165]
L=13.01b", & TeV [ATLAS-CONF-2012-151]

L=13.01b", & TeV [ATLAS-CONF-2012-1686]
L=13.01b", & TeV [ATLAS-CONF-2012-167]
L=13.01b", & TeV [ATLAS-CONF-2012-1686]

L=4.7 167, 7 TV [1208.2664]
L=4.7 167, 7 TV [1208.2664]
L=13.0 b, & TeV [ATLAS-CONF-2012-154]
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L=13.0 b, 8 TeV [ATLAS-CONF-2012-153]
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LHC and beyond for the CMSSM
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So.... where is SUSY

* We can “predict” new supersymmetric masses
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Exotic New Physics !

EXTRA-DIMENSION

A

* Extradimensions e
* Lower Planck scale % ‘! !
e KKtowers 2 g’”é % <.
» Black holes %Q'U:m:;: &\

* New Gauge Bosons

* Little Higgs theories =
e Push scale of new physicsup Y R e

 Top quark and W boson have partners \

. M
* Hidden valley

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012
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A Conceptual Diagram
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M. Kazana
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CMS Experiment at LHC, CERN

Data recorded: Fri Jun 1 16:23:51 2012 GMT-4
Run/Event: 195378 / 225870452

Lumi section: 193

“BSM at LHC”, Warsaw, 21.12.2012

45

“1d mestep)




“d mestep)

. N\any BSM models predict narrow di-lep resonances

ATLAS-CONF-2012-007

Z’ with sm like couplings

Some excitement in 2011 data

(M'=30 GeV @ M=1TeV)
» 2’ of grand unified theories (I'=6 GeV @ M=1TeV)

CMS-PAS-EXO-2012-015
CMS [hep ex 1206 1349] 99{5 Ofb )+u y (5 3fb )

T F i R R R R LR R | -
o [ .y ] =
oy oL ATLAS Preliminary .- Expected limit | = —— quCL limit 3
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= - e = 10'5 =
- Z5 . .
— 7
10°% 108 |
3 _[cht 49’ s
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- A L A ' L i L 1 L 'l 'l l vl L L 4 s i : A L L 4 b ! - : 4 - . —
107 05 i 75 > 35 3 500 1000 1500 2000 2500
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Event selection:

(with dedicated TeV-like

reconstruction)

e Background estimation
from data or MC-based

isolated electron and muons

> I I L L
3 10° CMS|Preliminary ~ —*— DATA —
o - =
Y tt + other prompt leptons 3
P [ ] fake eu pairs ]
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> 3
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ATLAS Preliminary  « Data 2012
Z' — ee Search Oz
Ldt=59 fb_1 DDiboson
j B
\s=8TeV [C]Dijet & W+Jets
[(]Z/(1500 GeV)

[]Z'(2000 GeV)

at high massespecia

' Eat 1 TeV in the 2012 data
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e ATLAS limits

Search for narrow [4-14%
o(M)/M] resonance predicted
iIn many models.

E | AI'.'"LAS F'Irellil'r;iﬂlafl!rfl | EIx[;E;IEI{:I |Iin-.litl_
o 1 E_ \s=8TeV [ Expected + 1o _E
- Z = Expected+ 20
1&‘? ::gifwedmmt?
5 —2z,
102 — 3
1UE§EEJLm=55m‘
:pwjlm=ﬁ1m1
10 IIJ{].JE "']1'] l1.5||||2 lllE.IE I I3
Mz [TeV]
SSM M, >2.49 TeV
GUTs: M, > 2.09 TeV
M. Kazana

Z'results

CMS limits on
_o(ZL'= 1)
N VA=)

BTeV:ee (36 ")+ p'u (4117
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Tt Resonances

* In some models Z’ couples preferentially to 3™ generation

* Decays: had-had (42%), mu-had (23%), e-mu (6%) considered

e Check effective transverse mass
M(Tl-rTEJET} = J(ETI + B, 'I'ETJE - [ﬁ‘?‘i + Prg +-ET]2

Events / 40 GeV

10"

(@) —
(0) NS |

obs. / exp.

M. Kazana

I | 1 I I I I I I
ATLAS Preliminary

jdt L=471"
\s=7TeV

R
e Data 2011
[ ] Multijet
Ly -t
B Wy

[ Others

| IIIIII.I.| 1 IIIIII.lI 1 IIIIIIII 1 IIIIIIII 1 IIIIIIT

I% | 1 | l | Il--i- -:'I"I 1 I l
T T T T T | T T T T
= 1] 3
SMENUE :
T T e
500 1000 1500

M(z,, 7., ET*) [GeV]

oB[pb]

1072¢

10°°

T T
------- Expected limit |
B Expected* 10 -
Expected £ 20
—— Observed limit |
B —Z ’SSM _
ATLAS Preliminary ;
[dtL=4710" \s=7Tev i
Combined _
| I I I I ‘ ! : | :
500 1000 1500

Limit SSM: M, > 1.3 TeV m, [GeV]

“BSM at LHC”, Warsaw, 21.12.2012
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Dijets Resonances
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* Many models of New Physics predict resonance decaying into dijets

qgorg qorg
* Event selection: -
* Trigger based on HT > 550 GeV / \
qorg qorg
* At least 2jets with |n| < 2.5 &An12 < 1.3

e Events with dijet invariant mass

w

M > 838 GeV Excited quark q
are selected without any Ee Diquark D
requirements on pT of leading jets ey A
Coloron C

» Jets Algos: Particle Flow jets with RS Graviton G
cone 0.5 and 0.7 used for checks Heavy W w
Heavy Z Z

* Special algo: WIDE JET implemented String s

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 50



Wide Jets
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WIDE JETs optimize dijet

] Run : 165993 )
i Event : 1553204810 resonance mass resolution by
Djet Mass: 3077 Tev recombining FSR into the two
e
400
200

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 s1



Dijets Resonances
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«— 10g L L B L B L L L LB =
0.005 - % - —®— CMS Preliminary (4.0 fb™) 3
- Pythia D6T + CMS Simulation Q 1E Fit —
0.0045 3 E
- RSG— qq 8 TeV = & e QCD Pythia 7
0.004— £ 10°E E
= ! ' - RSG— ag 8 TeV Q = - Jet Energy Scale Uncertainty -
00035 | q*— qg 8 TeV 8 102k —E
- E W (1.5 TeV) =
0.003F | WF . .
= . 107 A5 E; diquark (3.5 TeV) 5
0.0025 S ]
= h 0% g Lo | E
0'0025_ i | - \Ns=8Tev ]
0.0015 = 1 H 10 = Ml <2.5,|An < 1.3 =
E g | 3 = Wide Jels 3
0.001 | | 107 E
00005 | | . :
E ases --’ s | g ; ; ; : : : : :
0 : ' e o T Mot islosed -
1000 2000 3000 4000 5000 1000 1500 2000 2500 3000 3500 4000 4500
M; [GeV] Dijet Mass (GeV)

* Resonance shapes from CMS simulation:

Data fitted with parametrization used

* Resonance decaying to qq, qg, g¢

also by CDF and ATLAS
e Width increases with number of dr  Py(1—m//5)P
gluons due to FSR dm — (m/\/35)PrtPsIn(m//5)
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(Data-Fit)/Error

M. Kazana

—Ratio Data/Fit
- Ratio (signals + QCD)/EQQD

CMS Preliminary (4.0 fb™"

Vs =8 TeV E; diquark (3.5 TeV) |
Il <2.5, |An < 1.3 7

Vide Jets

1000 1500 2000 2500 3000 3500 4000 4500

Dijet Mass (GeV)

Exclusion limits depend on the model and
on the resonance decay mode, because
the increase of the width and the shift
toward lower masses are enhanced with
number of gluons in the final state

Dijets Resonances LIMITS

* No eVIdence' CMS-PAS-EX0-2012-016

k| J [T FTTs 7T T 11 T T T T T T T T L L
R AR AR RN ARNRA AR
O *,J ., R g -
— 10 W L Excited Quark _|
<< = ol e, Axigluon/Coloron S
~ W ‘. : -
o e, i, E; Diquark ]
X P e, e o8 -
o » ", ‘.
M 1L N, W W _
= . . . z' 3
X - 5 T, "'s,f RS Graviton 7
= —
= 10 = E
O = -
()] B _
7p)
1072
(72 g
;] E fs=8TeV
E T Il<25,]an <1.3
O 103 95% CL Upper Limit a
; —&— Gluon-Gluon . =
- —a— Quark-Gluon ; ) -
10'4 = === Quark-Quark y"*--.‘” ‘t"._:
:f | | | | [ | | L1 11 | [ | | L 111 | | | | [ | | [ E

1000 1500 2000 2500 3000 3500 4000 4500
Resonance Mass (GeV)

The observed 95% CL upper limits
for the dijet analysis on
¢ » Branching Ratio » Acceptance
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 Many models of new physics have large couplings to the top quark and
prefer the 3 generation

 Benchmark models:

e leptophobic topcolor Z’

(hep-ph/9911288)

e KKgluon
(PRD 76 (2007) 115016)

e As we probe higher and higher mass
scales, the phenomenology of the top
quarks produced in collision events changes

* Boosted regime

Concept:
recover information from
boosted hadronic final states

M. Kazana

b quark

Strategy:

Boosted hadronic objects
have a mass scale and different
kinematics than QCD

“BSM at LHC”, Warsaw, 21.12.2012

Light quarks

lepton

54
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Candidate of TYPE 1+2 jets
1top tagged jet + 2 jets (with 1 W-tagged jet)

Jet 3:
pt 47.8 GeV/c,
b-tag discriminant 4.2

Jet 2: Jet Pruning

pt 484.3 GeVic,

mass = 68.8 GeV/c2
Jet 2 + 3 : Mass = 167

Jet 1 : Top Tagging

pt 588.1 GeV/c,

3 subjets,

mass = 186.7 GeV/c2,
minMass = 87.2 GeV/c2

Tops are boosted for high mass Z’ Look at substructure to
Search for top quarks in the all hadronic decay channel recover the phase.space

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012



* New ATLAS result for 7TeV data

~3000
(4 ]
)
Y2500

i
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ATLAS-CONF-2012-102
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M. Kazana
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Large Extra-Dimension model: ATLAS
l x PER IM E NT

e J extra dimensions compactified over a torus with radius R

Dark Matter particles WIMPs ())

e assume Dirac fermions

* relate production at LHC to ¥ nucleon interactions

Mono- signature: q
* One high pT (~hundred GeV) jet
in the central region, although 2" )

less energetic jet is allowed

* Large MET (from Graviton); same
magnitude as jet, typically back-to-back . .

Background: >”’”<

* from Z(vv)+jets, W+jets
M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 57



Limits on Dark Matter from
Mono)ets/Photons

\s=7TeV. 47 fb'. 90%CL ATLAS \s=7TeV, 4.7 b, 90%CL
| T T T T

—— D8: qg— v(XX) il ——
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T T T 11 |I|

--- D8:CMS qg— (XX,
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WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]

LHC results complement direct detection experiments
* Exceed sensitivity of cryogenic searches for DM spin dependent
DM couplings
e Addto reach forlow DM masses, M<10 GeV, for spin independent

couplings
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W' with leptonic decay
E[QCtTOn Channe[ M S-PAS-EXO--“2012-010

'J:ld mesiepn

% 101(] T lcmslzaﬂzlprlle"ml;‘a;v T iln-;aol T | T T T 1 i :..&; T 1 | T t;MIS |2{”|2 I;rellln;lnlar!rl T T T T | T 1 T T ;

O 10° ILdtﬂ.ﬁ?ib“ thoson Q) IBackground ]
S DY->ee 5 JLdt=3.ﬁ?fb"

o 108 \s =8 TeV > 10 =
N 7 ' A \s =8 TeV —= Data ]
'; 106 W ev B ti + single top n W—ev ]
£ 10 B qcp T 10 =
m 105 -W-:- ey g" §
L|>J 10‘1 s Data LLI .
10° —— W' ev M=1.3 TeV 10 E
10° & — W' ev M=2.3 TeV il .
10E" £ 1 E
1 3 ;

10" E 1 e

10—2 a 10‘1 _é g

10° _ 1%

Fl oAl v : -2 =)

500 1000 1500 2000 2500 10 500 1000 1500 2000 2500
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My = \/2 pl EMSS (1 — cos Adyy) single-electron trigger pT > 85 GeV
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:g; 10'° CMS 2012 Prallmlnary - Dlhﬂson

(D 10‘3 L dt = 3.67 fb” -DV—>P-P-
8 108 s = 8 TeV —-—

""w“ 10: Wy B 1t +single top
= 10 = acp

a>) 10° Wy

LL] 10* * Data

— W' = pv M=1.3 TeV
— W' — uv M=2.3 TeV

10 4
1 E
107! E
1072 °
10° il e
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Mt = \/2 . pL - ERISS . (1 — cos Ay,

W' with leptonic decay
MUO“ Channe[ CMS-PAS-EXO--“2012-010

'J:ld mesiepn

107 CMS 2012 Preliminary l Background
] I L dt = 3.67 fb"
10 Vs =8 TeV ~+ Data
Wopnv

Events > x GeV
>

overflow bin

500 1000 1500 2000

M. [GeV]

single-muon trigger pT > 40 GeV
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W' candidates
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—
C 1 CMS Experiment at LHC, CERN ms i
1 Data recorded: Tue May 8 08:19:45 2012 CEST s CMS Experiment at LHC, CERN
— - Run/Event: 193621 / 1180868279 -\\ ¥ Data recorded: Sat May 12 13:57:28 2012 CEST
\¥ | Lumi section: 1557 | Run/Event: 194050 / 796689537
B \ % Lumi section: 843
|
electronGsfTrack
pt = 970.68 GeV
eta = 0.066 - N
Electron i MT = 1332.8 GeV
pt = 1153.51 GeV| — .
eta = 0.066
phi = 1.949 P pe
! \ ;‘ -
X 5
i i = e
\ j \oLA} D s N BN
3 J el ;
% 7 MET -
. i [}
Mt = 2312.0 GeV i
pomsow  prlespcay
caloMet phi = 3.04
pt=1213.9 GeV | WA L w
phi = -1.157 e |
— pT =690.5 +- 22.4 GeV
eta =-0.64
phi = -0.09
MT = 2.3 TeV =1.3 TeV
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Limits on W'

.
¢ Combined elec+muon CMS-PAS-EX0-2012:010
_Q 10 95% Observed Limit 3_. —_ 10_ j_l_l_l_l l LIV DU I g
R T 95% Expected Limit % | CcMS prelimin "-3"'ffilf """"""""""""""""""""""""" .
o [ Expected+1c ; ||:l Vs apTe v ary ELeﬂt FOTI'I :
Expected+2 ¢ H S= e W GR@ANNeL . i
0 103 s Theoretical Cross Section NNLO | = : a
X [ | PDF uncertainty £ ; B
L | - == Theoretical Cross Section for W', 1 =10TeV | I Ldt=3.71b S B S — R — —
c =w===0o Theoretical Cross Section for W', 11 = 0.05 TeV | ¥ I@Iuon :
e, [ ~ CMS prellmlnary | | ':
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" F j Ldt=3.7f07y ¢ Sy
9 B | \/'_5 8 TeV Comblned
g 10 LN | | Excluded i:;hannts.zlsé 7
B 1 5 : g;?mbinled
B o I 1 N S : e JCRANNGIS I
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1000 1500 2000 2500 3000 3500 4000 _
w 1/R [TeV]

The SPLIT-UED parameter space is defined by
two parameters [1/R, u] with p being the bulk
mass parameter of the fermion field in five
dimensions

95% CL Ilimit on SPLIT-UED
derived from the W' mass limits
taking into account the corresponding
width of the W2, state
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Microscopic Black Holes
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The possibility of production of microscopic black holes in particle
collisions has been predicted in models with low scale gravity

ADD ED, [Arkani-Hamed, Dimopoulos, Dvali,
Phys. Lett. B 429, 263 & Phys. Rev. D59,086004]

If the “true” Planck scale M is in the 1 TeV range,
partons colliding with energy exceeding M,
may collapse into a Microscopic Bl%ck Hole

Once produced, the BH evaporate
almost instantaneously
by emitting energetic particles

Multi-particle signature BH candidate

N =10, S, =1.1TeV

CMS Experiment at LHC, CERN
Data recorded: Sat Apr 23 08:05:38 2011 EDT
Run/Event: 163332 / 196371106

N objects (jets,leptons,photo
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CMS Analysis strategy: Events with large total transverse energy have
been analyzed for the presence of multiple energetic jets, leptons, and
photons, typical of a signal from an evaporating black hole

* Multiplicity (N)
Number of objects (jet,lep,y) with pT>50 GeV in an event,
excluding MET

o S; Scalar
p; sum of all objects with ET>50 GeV + MET (if greater >50 GeV)
S, is almost independent of the final state multiplicity N
=> QCD bkg. estimation

e Separation
AR (jet, lep/y) > 0.5 and AR (leply, lep/y) > 0.3

Trigger on total jet activity H; in 350 - 550 GeV
100% eff for S; > 700 GeV
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Microscopic Black Holes

Exclusive multiplicities for bkg. estimation

Em? CMS Preliminary {s = 8 TeV, 3.7 fb™ a) Em? CMS Preliminary {s = 8 TeV, 3.7 fb” b)
9 Multiplicity, N = 2 = Multiplicity, N = 3
Z10° * Observed Photon+Jets =108 * Observed Photon+Jets
2 — Background  [lW+Jets 2 — Background  [lW+Jets
5105 Uncertainty ~ Ilttbar I_;':':-1105 Uncertainty ~ Ilttbar
) =} My =15TeV, M "=5.5TeV,n=6 . I M, =15TeV,M"=55TeV,n=6
107y My =2.0TeV, M™=5.0TeV, n = 4 10°p% My =2.0 TeV, M™ = 5.0 TeV, n = 4
108 -Mp=25TeV,M""=4.5TeV,n =2 o "WINDOW M, =25TeV, M"" =4.5TeV, n = 2
|=1
™
102 102 :_ -_
= m
B -.
10k 10
1E 1B
= | =
_II|IIII|IIIIIIII|IIII|IIII|I. ;:;L.J-llllll -IIIIIIIIIIIIII|IIII|IIII|II| -'--]Tli"'iuLJ
T500 2000 2500 3000 3500 4000 4500 5000 5500 0 3000 3500 4000 4500 5000 5500

S, (GeV) S, (GeV)

* Non-QCD backgrounds < 1% of data-driven bkg. CMS-PAS-EX0-2012-009

* There is no signal contamination in the fitting and normalization region

* Data-driven bkg. describes data consistently in
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Microscopic Black Holes

Inlusive multiplicities for searches from N >=3 to 8

>
Emﬁ =— CMS Preliminary {s = 8 TeV, 3.7 fb™ a) 3 T CMS Preliminary {s = 8 TeV, 3.7 fb” f)
S Multiplicity, N > 3 S10° Multiplicity, N = 8
= F & Observed = F * Observed
L10*E — Background 2 I — Background
Ij:':-j 5 Uncertainty L%J = Uncertainty
103:_ ..... M, = 1.5 TeV, MB":;”=5_5 TeV.n=6 1ol | M, = 1.5 TeV, ME::;”=5.5 TeV,n=6
"= | Y, M, = 2.0 TeV, MBT-IIH =50TeV.n=4| ™M Mp =2.0TeV, MJ\"=5.0TeV,n=4
EQ ..... M, = 2.5 TeV, MBT-:” =45TeV.n=2| & - My = 2.5 TeV, MBT_:” =45TeV,n=2
102 —E ' i
Eﬂ 10
- -
10 —§ i
= " |
1 __o ﬁ + w?'..'.i M l ".---'. L "'-
EFIIII|IIII|IIII|IIII|IIII ||||;II|"115_" III|IIII|IIII|II-III|i"'|'-iJJ1LL:M|iJiJ|
2000 2500 3000 3500 4000 4500 5000 5500 200p 2500 3000 3500 4000 4500 5000 5500
S, (GeV) S; (GeV)

CMS-PAS-EXO-2012-009

* No excess in the signal !
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Microscopic Black Holes

CMS-PAS-EXO-2012-009

< F
° ° v 5.6
= -
* Many limits canbeset - ©
EI:I‘:I B :
—_ 8 52
9k CMS Preliminary {s = 8 TeV, 3.7 fb™ 3
L — | s 5_
= Nonrotating Black Holes W
- Theoretical Cross Section -
105 ------ M,=35TeV,n=2 4'33
S My = 3.0 TeV, n =4 [
- My=25TeV,n=6 4.6~
1 ; Observed Cross Section Limits 4.4
= e —o— M,=35TeV,n=2 -
- ... —=— M,=30TeV,n=4 4. o[ Charybdis
- " M,=25TeV,n=6 4" .= Rotating o
al e - —e— Nonrotating
10 . . 4= Rotating (Yoshino-Rychkov loss)
= - 4 Rotating, low multiplicity regime
- ... 3.8 @ Boiling Remnant (Yoshino-Rychkov loss)
- e - - ..v.. Stable Remnant (Yoshino-Rychkov loss)
10—2__ 3.5T|||||||||||||||||||||||||||
= 1.5 2 2.5 3 3.5 4
= My, (TeV)
1 0_3:_ . i} The 95% confidence level limits on the black hole
SENENEN AN N NN R A A A |‘~“+ IR I mass as a function of the multi-dimensional Planck
4 4.5 5 5.5 6 6.5 scale MD for various Charybdis black hole models

min
Mgy (TeV) with or without the stable remnant and number of

extra dimensions of two.

BlaCk H0|e Mass IlmltS 57 5'5) 548 TeV The area below each curve is excluded by this search.
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* ATLAS and CMS - we have not yet found any
exotic island, but we keep searching

 Many analyses with full 2012 data set are at an
approval stage

* Plenty of different limits available

* Maybe next ideas
should come to
our mind and be
tested at LHQ?

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012 68



* ATLAS and CMS - we have not yet found any
exotic island, but we keep searching

 Many analyses with full 2012 data set are at an
approval stage

* Plenty of different limits available

r) ) 1 -
Slind Higes
=

* Maybe next ideas

convenor— _
P should come to
our mind and be
tested at LHQ?

e Orwe are blind?

M. Kazana “BSM at LHC”, Warsaw, 21.12.2012




Z'85MI

£’ 85M tau tau

Z', ttbar, hadronic, width=1.2%
', dijet

£’ tthar, lep+jet, width=1_2%
Z'35M Il (fob=0_2)

G, dijet

G, ttbar, hadronic

G jet+MET kM =02
GyykM=01

G, ZF{gq), kM=01

W v

W’ dijet

W —td

W'— WZ{leptonic)

WR' — tb

WR, MNB=MWR2

WEK p =10 TeV

pTC, mTC = 700 GeV

String Resonances (gg)

58 Resonance (gg)

58 Resonance (gg/bb), fbb=1
E6G diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

a* (ag), dijet
a* {@Ww)

g’ (qd
q* , dijet pair
q*, boosted Z
e" A=2TeV
p*, A =2TeV

b° = tW, (31, 21} + b-jet

g’, b'/t’ degenerate, Vib=1
b* = tW, l+jets

B’ = bZ (100%)

T = t7 (100%:)

t' = bW (100%), l+jets

t' = bW (100%), I+l

We ar.e gluino, Stopped Gluino
stop, HSCP

. stop, Stopped Gluino
notblind :-) sawecraus:
hyper-K, hyper-p=1.2 TeV

fractional charge, g=2/3e
fractional charge, g=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutraling, ctau=25cm, ECAL time
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[

P

LG, B=05
Lo, =10
LG2, =05
L2, B=1.0
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LQ3, (btau) p=1.0
stop (btau)
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3 . T T C.I. A, X analysis, A+ LL/RR
Cl. A, X analysis, A- LL/BR
C.l., dimuon, destructve LLIM
C.1., dimuon, constructive LLIM

C.1, single lepton (HnCM)

MEH, rotating, MD=3Te\, nED = 2, BlackMax
MBH, non-rot, MD=3Te¥, nED = 2, BlackMax
MBH, rotating, loss, MD=3To\!, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MEH, stabls remn., MD=3TeV, nED = 2, Charybdis
MBH, Quantum BH, MD=3TeV, nED = 2
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2
i

Contact
Interaction

Black
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* We have been searching very hard for large
variety of supersymmetric or exotic signals

e 233 ATLAS & 231 CMS publications:

e dominant contribution from EXO
https:/[twiki.cern.ch/twiki/bin/view/AtlasPublic

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

* No sign of New Physics yet

* Discovery of Higgs boson makes implications on
New Physics searches

* Let's be patient ;-) * More data will be analysed

e More sophisticated analyses will be performed
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Standard Model only !




M. Kazana

Statement

e For purpose of this seminar, materials previously
shown have been used
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