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Why do we need physics Beyond the Standard model?

WMAP
Dark matter problem

74% Dark Energy

The rotation velocity of stars in galaxies differs a lot from the expectation!
The expectation is based on the mass density of the luminous matter. .
— There must be a huge mass around the galaxies that we don't see. k

Another evidence: Graviational lensing.

observed

The standard modell does not offer

any candidate for the dark matter:
expected from

luminous disk « must be electrically neutral

Sl (otherwise we would see it)
B » must be massive
* must be stable
10 radius, kpc
Neutrinos? Probably not, they are too fast
— cannot form lasting structures

o - M33 rotation curve

Btw, another solution to thisisa 2
Observed first by V. Rubin around 1970 modification of gravity.



Why do we need physics Beyond the Standard model?

Fine-tuning problem

The vaccuum expectation values sets the weak energy scale
— about the mass we would expect for the Higgs boson.

In the pertubative calculation, the Higgs mass receives large radiative corrections up
to the cut-off scale A, where the SM breaks (eg. the GUT scale, or the Planck scale)

m* = mg + (6m)?

(5m)? ~ g ( » o A (L)) .
~g'm”/my | A~ —mIn— + O

m? A? o
vacuum polarization diagram

— observale Higgs m~ A - This contradicts the EW precision fits!

Theorists can handle this by introducing counter-terms (renormalization),
but these terms have to be extremly fine-tuned in the theory to cancel the divergences:

2
%W) ~ 10720 — This is neither natural nor convincing.
O(A?) 3

O(fine tuning) =



Why do we need physics Beyond the Standard model?

Other open questions (a few of them)

 Why is the electrical charge of the proton identical to that of the electron?
If it was not true, atoms would not be stable.
Protons and electrons are very different objects, but are they maybe two sides
of the same medal (a new symmetry)? — This is subject to grand unified theories
(uniting strong and electroweak interactions)

More generally, the SM does not explain particle quantum numbers
(and, why are there 3 fermion generations, and 3 colors)

* There are at least 19 free parameters of the SM (forgetting about neutrinos)
(9 fermion masses, 3 CKM parameters + 1 weak CP violating phase,
1 strong CP violating phase, three coupling constants, two weak boson masses

Is it possible to calculate them from first principles?

A bit more crazy: What about gravity? It's a part of our world, can we make it a part of
a unified theory as well?

— The SM agrees well with all experimental data from accelerators,
but it is theoretically unsatisfactory



The most-favored extension of the Standard Model:
Supersymmetry (SUSY)

SUSY is also part of GUT, string theory, some extra-dimensional models, ...

SUSY is the symmetry transforming bosons into fermions and vice versa:

Q|Boson) o |Fermion)

Q|Fermion) o |Boson)

This predicts a new class of partner particles (in analogy to anti-particles):

Standard particles SUSY pa>h<es fields

Higgs

| Quarks . Leptons . Force particles Squarks Q Sleptons 0 SUSY force
particles



The most-favored extension of the Standard Model:
Supersymmetry (SUSY)

To increase the confusion...
The SUSY fields mix and then form the observable SUSY particles:

Name Spin [?-parity Interaction e.s. Mass e.s.
Higgs bosons| 0 +1 H,.H, RO, HO A" H*
Squarks 0 -1 @1‘2___3. ac, &€ fe, de,5e, be 11,2,3.4,5.65 {'I1‘2?314__5‘5
Sleptons 0 —1 £-1\2\3. E T 5112\3___4__5__5. /1.2.3
Neutralinos % —1 BY WO, ﬁg ﬂg XO1 234
Charginos 3 —1 W+ Hf H7 Xi1,2
Gluinos % —1 q q
Gravitino % % —1 G G

Come back to the Higgses in a few slides...
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So, where are the SUSY particles?

Fact: No SUSY particle has ever been observed (I will present a few searches later on)
eg. a boson of 511 keV (the ,selectron”) would have probably not escaped our detectors...

— The SUSY mass scale is higher, SUSY particles are heavier than SM particles

The mass scale is expected to be around 1 TeV.

SUSY is a broken symmetry (it's imperfect). We don't know anything about
the breaking mechanism — Our ignorance is parametrized in about 100 new parameters

So, why is SUSY a good theory?

1. It solves the Fine-tuning problem:

The sfermion loops cancel the
divergent fermion loops:

S~ O(at) - [m% — m3| ~ O(107%) - miy sy

The Higgs mass stays small.
This works if m ~ 1TeV.

SUSY

H H
t
AthAQ
f’ﬂﬁ‘
H f{‘\ ,*i H
________ P S ———



So, why is SUSY a good theory? (continued...)

2. It stages a possible dark matter candidate:

The lightest neutral SUSY particle (the neutralino x°) might be stable.
If it is stable it would be a dark matter candidate.

Particles: +1

It is stable if R-parity is conserved: p — (_ 1)2S+3B+L Sparticles: -1

Conservation of R-parity is elegant because it tells that SUSY particles can only be
produced in pairs.

3. It facilitates a grand unification:

?
E
=

&0 w1/ = -

3 e 9 . . L The running coupling constants
e unite at some large energy,

W 1/ay A 1 I, P

30 | 30 e This does not happen in the SM.
é =

e g Ja - "ﬂﬂ:-c

'I:I]L'?":" l:l' Ilﬂg':'

However, some theorists argue that this is not always true and
that it depends on the details of the SUSY theory eg. breaking parameters



The Higgs Sector in the Minimal SUSY Model: MSSM

In the SM we introduced one Higgs doublet, now we need two: Down-type:
u,d,s, charged leptons

Ot hjt_ hg H_couples to up-type fermions

b = — Hu — ho ) Hd — h- HOI couples to down-type fermions
U d

— Two vev's: V,V,

In the SM we had 4 degrees of freedom, now we have 8.
3 of them are absorbed as masses into the Z and W* bosons, 5 remain.

— Five detectable Higgs bosons: h, H, A, H*, H’

NN

Light CP Heavy CP  CP-odd Higgs Charged Higgs
Even Higgs even Higgs (pseudo scalar)

On tree level, the whole Higgs sector can be described with just 2 parameters:

m, Coupling parameter tanf3 = vV, / vV, 10



The Higgs Sector in the Minimal SUSY Model: MSSM

Remarkable: The mass of the lighest Higgs is constrained

my < my cos2(3 +A < SUSYenters

A is a term for radiative corrections from stop loops, details are model-dependent.
Usually it is assumed that m <130 GeV

(130 GeV is quite large already, lesser would be more appreciated by theorists)

Masses of the neutral %1§§§: _ ]
Higgs bosons as a O o0l mAtanB= 0 a
function of m, and tanf3: € oo ~  'h i
2 500l — M tan3=10 |
© "7 .
= 400 |
= T
o
2 300 |
m
wn
> 200 |
I
The light SUSY Higgs h
is always light. _
90 7 .

90 200 300 400 1000
The discovery of a heavy Higgs would be strong evidence for SUSY. m, [GeV]



The Higgs Sector in the Minimal SUSY Model: MSSM

How do h/A/H/H* relate to the SM Higgs?

. ,,Decoupling limit* m, >>m,

h is SM-like (not exactly identical), H/A/H* are very heavy
o ,,Anti-decoupling limit“ m,=m, tanf3 large

H is the SM Higgs, h/A/H* are light

- ,intermediate-coupling regime® m, = m_, moderate tanf3

Neither SUSY Higgs is SM-like

12



The Higgs Sector in the Minimal SUSY Model: MSSM

In the MSSM, the couplings of Higgs bosons to other particles are different to those in the SM.

— Modified cross sections and branching ratios — Different search channels

In particular: The coupling to down-type fermions is enhanced, depending on tanf3.

— Larger probability for decay into 1t and pp, and also to bb.
The decay to H —» VV (V=Z/W) is supressed, and A — VV is not allowed

t/b %016_| T L T L
hH/A o 014 M tanB=40 PR
t/b o = BR(H_>'['[)
o
b 8’ 0.12 BR(A—11)
-_(C—J 01 - PR § BR(H " —11)
. c e - - - -
Gluon fusion enhanced for large tan3 < 008

0.06"

0.04
0.02

9
=

i _

ol b b b bt b A

Example: BR for decay to 1t

_l L1 1 1 | 1 1 1 | 11 1 ‘ L1 1 | | 111 1 | L1 1 | | 1 1 1 ]—
100 200 300 400 500 600 700 800
m, [GeV]

b-associated production is very important

— THAT's WHY WE NEED TO MEASURE COUPLINGS OF THE NEW PARTICLE at 125 GeV



What can we learn from a Higgs at 125 GeV?

Let's assume the new particle is a SUSY Higgs. It's mass depends on SUSY:

mp < myz cos23 + A

A is mostly influenced by the stop sector. Important parameters:

140 | | | | | |
- Not shown: Uncertainties on m MS=\/(mf1 M) (SUSY mass scale, stop mass)
130~ ] X =A -pcotp (stop mixing parameter
SACH p g
[ 11
% 120 - —
2 : ___________________________ = ______,_,._..-;:_':f_':_-__:-___; I
= 1101 e -
i /’ _ Xr -2 MS ]
N —- X, =0 ] For that plot other parameters fixed:
100 - —
i p= My =200 GeV, mz=08Mg,
I | | | | | | B ma4 = 500 GeV, tanf = 10
025 05 075 1 125 15 175 2

-
M, [TeV] 14

Plot: Pietro Slavich (LPTHE Paris) using Feynhiggs



What can we learn from a Higgs at 125 GeV?

Consider the ,,Phenomenological MSSM* (pPMSSM)

No special assumptions of SUSY breaking, but SUSY parameter range
simplified and reduced to 22 parameters (pPMSSM details: arXiv:1109.3859v3)

X, (TeV)

Result of a parameter scan: (arXiv:1112.3028v3)

8:_ I we T . 'I'.: I _: . .

© 123<M, <127 Gev s ,ﬂ’-? 1 No experimental data taken into acount
6 L 4.% s 244 - exceptform ..

: VAR AL

4_— - # - al ]

2 : -1 <« Each point represents one set
o L] of parameter values that give the
25 d correct (observed) Higgs mass.
L - 1, am

C PR ]
“t tan B < 60 PR T e I
-6 anp R Tl

C tanf <5 J ta -
8f + tanpf<3 | | l.-r.- =

0 500 1000 1500 2000 2500 3000

M, (GeV)

Scan range:

1 <tanf3 <60, 50 GeV < My <3 TeV, =9 TeV < Ay <9 TeV
50 GeV <m; mz My <3 TeV ., 50 GeV < My, My, || < 1.5 TeV

15



What can we learn from a Higgs at 125 GeV?

Another paper does a scan in pMSSM with 7 free parameters: arXiv:1211.1955v1

This scan takes also into account the signal strengths of Higgs searches in ATLAS & CMS
+ low energy observables (eg. b—sy, g-2) and quantifies the agreement of data and model:

New particle is light CP-even Higgs h: New particle is heavy CP-even Higgs H:
60 30"|"'|---|---|---|...
50 251

40 20 -.:

tan

- § 8

30 E= g
20 10 S

2% i . '.g: :':. .--
10F

. L L L1 L 4 ' T I T N TR SR N SR SR S N SR R

500 200 800 800 1000 700 120 140 160 180 200

M, (GeV) M, (GeV)

Each point represents one model which would be allowed, color quantifies the fit quality.

— The new particle could either be h or H, both options are possible. If it is H, than o

h/A would be light. If it was h, than H/A would be heavy.



Search for BS at the LHC

& 9,

(selection)




Events / 5 GeV

Searches for BSM Higgs: Neutral MSSM Higgs

This decay has a branching ratio of only 0.04%, but similar to H — yy it is a clear
final state and the background can be estimated with a fit to the dimuon mass.

Analysis is split into b-tagged category (sensitive to b-associated Higgs) and
b-vetoed category (sensitive to gluon fusion production).

10'8§L'|""|""|"''|""|""||||||||||||||4§ >1OBEL|||I|||II|||||||||||||||||||||||||I||I||||J§

. - u'w, b-tagged selection ATLAS Preliminary 3 8 . E u*u, b-vetoed selection ATLAS Preliminary 3

1 0 g_ - Data 2011 _% Lo 1 0 §_ Data 2011 _§

6l ma=150 GeV, tan =40 7 ~~ 6F ma=150 GeV, tan p=40

10° = 0 Z>me z 210°Es 5 Z— pp E

- B Z - ] S . sf \! BB Z .

10° = ww -+ > 10°E Ww =

= [ZZ] Other electroweak 3 L N 7”71 Other electroweak .

10% = Multi-jet — s Multi-jet -

= Top E Top 3

3 W BKg. uncertainty ] M Bkg. uncertainty |

10° 5 = E

_ 4 _ A4

1026 JLat-asmr | [Ldt-481b ]

10% : L N O gyt =

T 1 i NN -\ e A "':.

1k :’\\\M

S Rise L AL N R ISR N

10'1 -.L..u....“!\n--.Lkn---.kn---tknn nlllhnn.:x'gﬁ ;;.LLLLL..LL;Q&&-.&.N\\\.Eh\.:si :\wkilga
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500

m,, [GeV] m,, [GeV]
— No excess observed!



Events / 20 GeV

Searches for BSM Higgs: Neutral MSSM Higgs

h/AIH — 11

Again, analysis split into b-tagged and b-vetoed categories.
Leplep, lephad and hadhad channels considered.

Just like in the SM search, Z — 11 is the dominant background.

_IIII||II||||II||III|IIII|IIII||||
[ eTpgthT, . D-tagged selection
120 ® Data 2011
i m, =150 GeV, tanp=20
100 ; B Z— 1t
i oo Z— ee/unt
- | Other electroweak
801~ \ Y Top
- A . Multi-jet
60__ ey Bkg. Uncertainty
i ATLAS Preliminary
401 )
- jL dt=4.71b"
oo ok
4 %ﬁ%ﬁ\ ________ i £ ?::}&
O-ﬁhﬂ e P B R G

o

50 100 150 200

mMMC [GeV]
— No excess observed!

2500

2000

Events / 10 GeV

1500

1000

500

€TpagtlT, o b-vetoed selection

® Data 2011

B Z— 1t
[(5] Z — ee/pu
Other electroweak
Top
Multi-jet
Wi Bkg. Uncertainty

ATLAS Preliminary

jL dt=47fb"

Y

50 100 150 200

MMC
T

m

m,=150 GeV, tanj=20

250 300 350

[GeV]



Searches for BSM Higgs: Neutral MSSM Higgs

Limits on cross section: Limits on parameters:
E‘ 1 02 | I TTT | T T | T T | T T | T TT | T T | ITTT | T IE @_ 60_| T 1T | T 11 | T 1T | T T | T T | T T 11 | T 1T T T 1T
2 —— Observedbb—0CLs 1 3 - ATLAS Preliminary
= = === Expected bb— ¢ | . 5L MSSM combination
__E- —s— Observed gg— ¢ CLs i
B 10 = ==== Expected gg— ¢ E T .[ Ldt=4.7-4.8fb" 3
L E oo MmN 1 4o eerw i
E — — :: I--n',.ll'T'Iii..'!’.J >0 :
oL | I " excluded ]
X - = 30y -
b% E : I 7
c . I ]
= 10’ 0— 20 Observed GLs
= = = = Observe s ]
E - Hit Vvs=7TeV 7 i -=-== Expected CLs -
- B ] I Nt 1o _
8_ i J Ldt=47-481f" _ 1 0 l ;G ]
Q. ol - | #y LEP §
j 1 0 g | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | ﬁ TI-.LI|A ;SI IF)I rlell I TTl‘l I Ir1|a|r3|( L1 g B //;X/; ;%/X%%Z/XW/W/%X//W/YXX//W{/J/W/j//{//
&) 100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
>
Lo m, [GeV] my [GeV]

20
— No excess observed!



Searches for BSM Higgs: Neutral MSSM Higgs

CMS vs ATLAS:

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb’

%50 | T T T | T T T | T I__.» T @_60_||||||||||||||||||||||||||||||||||||
S 45 95% CL Excluded Regions % - ATLAS Pre"minary
- 1 observed = i L

aok Expected 50T MSSM combination

+1o expected
+20 expected

I LEP

i J Ldt=4.7-4.8fb"

40 [ Vs=7TeV

i my'®, u>0
I excluded
excluded

15 =t Observed CLs
max i i ==== Expected CLs
10 MSSM m, " scenario 1 0 s
..... M =1TeV i + 26
e susy A :
OF B LEP

/A ) I’y
A L A o e

200 400 600 300 100 150 200 250 300 350 400 450 500
my [GeV] my [GeV]

[
[
[

21

— No excess observed!



Searches for BSM Higgs: Charged MSSM Higgs

Charged Higgs production depends on charged Higgs mass:

Ifm <m:
H t

t—HD

(H* produced in top decay)
Dominant decay:
H" — tv

(dominant for tanf3 > 3)

|

If m, >m:
gb — tH" (or gg — tbH)

(H* produced in gluon-bottom fusion)

Dominant decays:

H" —-1tb and H" —- 1v
22



Events / 20 GeV

Searches for BSM Higgs: Charged MSSM Higgs

ATLAS search for tt - bbWH" with H" — tv

Assuming BR(H" — 1tv) = 100%

Leptonic and hadronic tau decays considered, W decay to leptons or quarks.

Example channel: tt — bbWH" — bb(gq')tv
:||||||||||||I.||.||||||||||||||||||||||||:
80:_ATLAS Preliminary e Data 2011 E
- [ ]True .
70L Bl Jet—7misid
608 : B e misid e
+ I Multi-jets .
S0 SM uncertainty
40 an+=130(BeV_§
B(t—bH") = 5% ]
30 =
20 det —461b" E
\s=7TeV -
10 ) -
% 50 100 150 200 250 300 350 400

my [GeV]

B(t— bH")

107

102

Combined:

ATLAS Preliminary

—— Observed CLs Data 2011
Expected
[+ 1o
[ ]+20

JI|IIII|IIII|IIII|IIII|IIII|IIII

| L 11 11H

\'s =7 TeV

JLdt _46fb

...............

combined

90 100 110 120 130 140 150 160
mH+[(?3?V]

— No excess observed!



NMSSM: Next-to-Minimal SUSY Extension of the SM

In the MSSM, the Higgs potential parameter p has the dimension of a mass
and in order that the theory works, it must have a value of 0.1-1 TeV.
— We would like to get rid of a-priori assumptions on parameters

Introduce a new Higgs singlet superfield S in addition to the MSSM Higgs doubletts:

& HY A H;f
S d = . d H, = _u
’ H; )’ H;
U

— (Even) more Higgs bosons observable (now there are 7):

3 scalars H ,H_,H,
2 pseudo-scalars a,,a, —» usually the a_ is very light

2 charged Higgs H*

For more information, here are two reviews on the NMSSM:

arXiv:0910.1785 [hep-ph]

www.physics.gla.ac.uk/~dmiller/doc/nmssm_review.ps

24



Events / GeV

NMSSM: Next-to-Minimal SUSY Extension of the SM
ATLAS Search for Higgs decay to low-mass pseudoscalar a° (100-400 MeV)

If a° mass below 3*1?° mass, then the dominant decay is a’ — W

Consider the decay H — a’a’ — yy +yy
H does not need to be specified further, the aim is to set a limit on its cross section

The a, are extremely forward — Each yy pair appear as one cluster
— The experimental difficulty of this analysis was to refine the photon ID

Diphoton mass:

Limit on the cross section:

2000 [T 1T 17T T T T ] E = T[T T T T[T T T T[T T T T [T T T T[T TP T [T T T T[T T T T [T7 |:
1800 = —} Data 2011 (/5= 7 Tev) Jl dt=49f" | £ 038 — =
- —— Background Model (/n,,,=60.2/60) ] g 0.7 E ATLAS Preliminary m, = 100 MeV =
1600} =x=« Signal (M =125 GeV, M, =100 MeV) | 31; ' = e Observed Limit .
1400 - - - . Signal (M =125 GeV, M, =200 MeV) B l o6~ e Expected Limit 3
- ' ‘ rerers Signal (M =125 GeV, M, =400 MeV) % - — f ;G s
1200k R - F L 1+20 E
B L% i - ]
1000[ - ! - 4 £ o4 =
- A ATLAS Preliminary ] = - ]
800 ] o 03 —
C n 'ag n ., ]
600 4 & 02 [ —
400 :— _: 01 - - M-L-::"::: _____ T e =
- - C Aol [aJml =l Sons ]
200 I | | ‘ | | _7 0 :I 11 | 1 11 | L1 1 1 | 11 1 | 11 1 1 | 11 1 1 I L1 1 1 | L1 1 1 I 1 11 | 11 |:

‘ . ' ‘ L ‘ S 1 S 110 115 120 125 130 135 140 145 150
100 110 120 130 140 150 160 m, [GeV]

m,., [GeV] 25

— No excess observed!



NMSSM: Next-to-Minimal SUSY Extension of the SM
CMS Search for a light pseudo-scalor a° — pp

9 Could be produced with very large cross sections

H eg. tanp=30 0=10° pb, or tanp=2 0=10* pb
o < — even if decay a — u is rare, large signal expected.

2 :
g — Look for a dimuon resonance!
Overwhelming backgrounds from Y — P resonances
— Cut them out from the search region
~ 1000F . ~

- - _ — K B ]
@ - CMS preliminary ] - CMS prelimina _

900 E ©25000( p ry
E - Barrel | Vs =7TeV ] E . Barrel NS =7 TeV i
S 800 L, =13fb" = S - Ly =13 b i
Z _F t : 3200001 =
g: - n ? L —T:::Iﬁl -
= O E TR
500;_ H{Hﬁ { * —; L Y(38) i
400~ *'}* = o B
- {#H*'}‘H# o 10000 :
300F —_ - ]
2000 = 5000 .
z :
0:I | | L1 | | L1 1] ‘ L1 1] | L1 1 | | L1 1] | L1 1 | | L1 1] | L1l I: 0 I ‘él = I?rl = Iél = 9 10 = I‘]I-‘]I - I1I2I - I"II‘?; I '“‘14

6 7 8 9 10 11 12 13 _14 T 1CeV
M, [GeV] M (VT g

— No excess observed!



Events/(0.1 GeV)

NMSSM: Next-to-Minimal SUSY Extension of the SM
CMS Search for a light pseudo-scalor a° — pp

g
H 2 upE .
f - |—— Observed CMS preliminary,\'s = 7 TeV .
- 3 2 [ |E== Expectedtio Ly = 1.3 fb” =
a 7 C — Expected + 20 -
f L0 =
g T sF =
& — ]
e & —
= _
g m
= 4
1000 - . E R
9005 CMS preliminary . ’é
; Barrel % \l'g = ? Tev ; S' [] 5-5 1 1 1 1 6 1 1 1 1 6-5 1 1 1 1 T 1 1 1 1 ?5 1 1 1 1 B 1 1 1 1 8-5 1
800 {' L, =13 E My, [GeV]
700 3 = - :
- # ; ;ﬂ. b -~ | —— Observed CMS preliminary,Ns =7 TeV E
600 g{ﬂ'{& '}ﬁ'} 2{'}-}%& H{'ﬂ# 1 F pF |E=EExpectedtio L =13 b =
- E = - Expected + 20 e ]
200: KR ' i E Iy = =
400 'H*#{ g4 1 eF -
- #H '}'H'I* .F}i = - -
300 4 ° 6 — -
C 3 =] — ]
200 q = 4= 3
- 1 E = .
100 ] E B T st~ O O
- 1 £ . , , L .
O_I |6|\ | 1 I}I L1 |8‘| L1 |9|| L1 \1|0| L1 |1|1| [ |1|2| L1 | | \ L1 I_ 3 [‘]]15 12 12-5 13 135 14
My, [GeV] P 1571

— No excess observed!



Direct search for Supersymmetry
with ATLAS (selection)



Search for SUSY particles
ATLAS-CONF-2012-145

ATLAS search for gluino pairs, eg. in final states with = 3 b-jets and MET

Example: LSP is long-lived.
t. and b, are light and are produced

with a high rate.

Discriminating variables:
e Large MET
. large m_

« >=4 or 6 jets of with at least 3 are b-jets
* large pT of the b-jets

Remember: t — Wb with almost 100%.
So there are many true b-jets in the final state.

effective mass m__ is scalar sum of MET and p_ of all (or selected number of) jets.
29



Events / 50 GeV

25

20

15

10

Search for SUSY particles

ATLAS-CONF-2012-145

ATLAS search for gluino pairs in final states with = 3 b-jets and MET

Missing transverse energy:

_I T T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T T T ]
- ATLAS Preliminary ¢ Data2012 .
- 444 SM total .
— I Ldt=12.8f" vs=8Tev ~ []topproduction
-7 B %+b/bb production |
= % SR4-L [ W production -
L / [l Z production B
- f’% ] diboson .
i = = =+ Gbbzm; =100, m_, = 600 i
R % e Gbb: M. = 1200, mf'] =1 ]
] i 7 T .
200 300 400 500 600 700 800

ET™® [GeV]

« Dominant background: tops

Events / 100 GeV

4-jet effective mass:

35_| T T T T T | T T T | T T T ‘ T T T ‘ T T T | T T T | T T T |_
- ATLAS Preliminary © Data2012 .
30 444 SM total -
- % ILdt =128f ' Vs=8Tev ~ [Jtopproduction -

- B F+b/bb production
25:_ / SR4-L [ W production
B [ Z production 1
20— [ diboson ]
B % - - =, Gbbim; = 1000, m, = 600 ]
15 s GbbI M = 1200, =1 —
10— {77 =
5 -
QOO 1000 1200 1400 1600 1800 2000 2200 2400

me. [GeV]

» Background control validated on signal-free control regions.

* No excess observed, need more data to set limits on high mass LSPs 30



Search for SUSY particles

ATLAS search for gluino pairs: Summary of Results

Interpretation in
a simplified model
where t_is lightest

squark but

ng < Wl;1

and BR=100% for
g — 1ty

g-g production, g— tfi?

% 800 CLg 95% C.L. limits. oﬁgg‘; not included. - _j
O, O-lepton, > 3 b-jets  [L =128 fb', 8 Tev] ~ - Expected N
R ATLAS-CONF-2012-145 : m— Observed -
€ 700 | 3-leptons, = 4 jets [L =13.0f0" 8Tev] ~~~ Expected —
ATLAS-CONF-2012-151 int = Observed B

O-lepton, = 6-9jets [L =58f" 8TeV] ~ Expected N

600 | ATLAS-CONF-2012-103 int = Observed 7

: - Expected 7

-SS- L =581b",8TeV -
Eﬁ%—é%ﬁ\ltlggﬁﬁbﬁ(}% jets [, ] Observed .

500 — —

B o -

400 — , ‘pé""'\ -

B & i -

— . \\\\\\ l % p—

300 __ 3‘\‘ : \\ __

- GLUDED n

N " .

200 — : \ i

N ! ,_ .

. ! a

100 - : \ e

~ ATLAS Preliminary | i -
|‘||||||||||||||||||||hl|r|||||',|||||||||||—I

500 600 700 800 900 1000 1100 1200 1300
mg[GeV]

— No excess observed, but stringent limits set!
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Search for SUSY particles

ATLAS-CONF-2012-166
ATLAS search for direct stop pairs in final states with one lepton, jets and MET

q
Stop pair production:
q
Stop pair decay:
~ ~ 4
X 0 - - -
X with X7 — W™ + ¥
~ ~(
21t > 1+ X1
with t — bW
3 0
X X Both decays have similar final states
Cascade decay until (W's, b-jets, leptons, MET)
all particles are stable. but different kinematics 32

X", is long-lived (it leaves detector).



Entries / 50 GeV

Data/SM

Search for SUSY particles ATLAS-CONF-2012-166

ATLAS search for direct stop pairs in final states with one lepton, jets and MET

Neutralinos escape direct detection — they manifest as missing energy
The heavier the stops and neutralinos, the more MET can be expected:

10— T T T g . . . .
= ATLAS Preliminary o Data2012(fs=8TeV) = MET is not a precise variable:
10" B - Standard model N
= 1 Multijets (data estimate) 5 : : ,
= _['— dt=13.0fp" EHHEe caaesimate) 2 The MET resolution deteriorates with the
3L [ V+jets. WV _ total pT of the objects:
10 = SRtN1 -ﬁ+\f single top = P J
- =m7 =225 GeV, myo=25 GeV/ ]
10 - --m~—5oceeme-2ooGa.‘% e
:;,;4]7% e+t channels = 3 E ATLAS | . ' | -
10 1 2 14F pamooio arX1v:1108.5602v2 3
= S - Yy ]
. 5 12 det=36 pb”’ IR —
o B ]
1 T3 10f Ns=TTev +++ s
10" = W F E
T - MinBias: fit 0.45\[T E, =
1 _5 | _f = - QCD di-jets: it 05\ X E, A
1 e - Z— ee: fit 0.42\T E, ]
3 ZH up f|t044\/z E E
0.5F / _: o) IFEFIFIIN I AP R L P
S M e i’ ] 0 ~"H00 200 300 400 500 600 700
100 200 300 400 500 600 5 E.(event) [GeV]

e [Gev] MET also depends on the pile-up. 33



Search for SUSY particles

ATLAS-CONF-2012-166

ATLAS search for direct stop pairs in final states with one lepton, jets and MET

Entries / 50 GeV

Data/SM

105§ L B B L L L IO I L BN
~ ATLAS Preliminary e Data 2012 (Yys =8 TeV) -

10 - 7 Standard model ]
= J.L dt=130 fb_l [ Multijets (data estimate) =
— Cl+a =

103 L 0 V+jets, VV |
= SRIN3 B T+V, single top =
_ sreemy =600 GeV, mz0=50 GeV]

10° = =:m7, =500 GeV, m5>=200 G
- e+u channels

10

1.5

—_—
T TH

|||||||i||||||| III|| |I||I|I|| |IIIIIII| Illllll%

0.5
Coovv v b v v v b v b b ke [Vl R T R S S R S
100 150 200 250 300 350 400 450 500

aM_, [GeV]

Better than MET would be to
reconstruct the stop mass, but this
is very difficult when dealing with
cascade decays and two massive
neutral particles in the final state.

Variable used: am_.
Useful to supress top background!

This is a generalized transverse mass
inspired from W mass meaurement:

arXiv:hep-ph/9906349v1

SUSY signal extends to
larger values of aM__ than

the top background.

34



Search for SUSY particles

ATLAS search for stop pairs: Summary of Results

[GeV]

M_o

500

400

300

200

100

tt, production Status: December 2012
||||||||||||||||||I|IIII|I;:|||||||||||||||||||||||||
B ATLAS Preliminary L=13fb"¥s=8TeV L, =47fb"Vs=7 TeV B
B =t t}"O 1L ATLAS-CONF-2012-166 0L [1208.1447), 1L [1208.2500], 2L [1200.4186] i
| — Observed limits — Fll';,; =T, + 5 GeV OL ATLAS-CONF-2013-001 - ]
[ e Observed limits (-1o,..,) = t,— bﬁ:, m =106 GeV - 21 [1208.4308), 1-2L [1209.2102] |
| — — - Expected limits = LD, M =150Gev 1L ATLAS-CONF-2012-166 ]
— t1 — h.p_;,: ,m =ms - 10 GeV  2LATLAS-COMNF-2012-167
__ — = T1 — bﬁ% mj -2 x mz,: 1L ATLAS-CONF-2012-166 1-2L [1208.2102) __
B e - =0 ~ ~0 .
i [ b+, 7~ W+ =17, 1
- AN i
= . I .
|
1
- | -
1
- N -]
B m.= m,+5GeV: || J
i Lys = 12.8 b ! i
I
= ’ -
I
7

m.. = m: -10 Ge
Lo=13'm"

— e — — —

1 | A | 11 1 | | 1 | I/l/| J’i : I-
200 300 400 500 600 200 300 400 500 600
L ] — L ]
m; [GeV]

— No excess observed, but stringent limits set!



Search for SUSY particles

ATLAS generic search for squarks and gluinos in final states with MET and jets

Interprete in constrained MSSM model with assumptions on SUSY breaking parameters

Example signal region with MET > 160 GeV and 5 jets:

events / 100 GeV

DATA/ MC

10?

10

o
o

o ||||||||||

[§S]
IIII|IIII|IIII|

ATLAS Preliminary
SRD - 5 jets

i

T T | | | T T T 1 | I:
Ldt=58fb" B
ata 2012 (s = 8 TeV) |

— SM Total

-= SM+SU(1600,400,0,10) |
Multuet

tt & smgle top
W+jets
Il Z+jets
Il Diboson

=
—
-
L

PL
-
-
l_
-
.

500 1000 1500 2000

2500

3000

3500 4000

m_x(incl.) [GeV]

arXiv:1109.3859v3
,constrained MSSM' (cMSSM):

Reduce [M100 SUSY parameters to a few
— Specific model: mSUGRA

MSUGRA is minimal Supergravity model
where gravity breaks SUSY. Gaugino
masses, sfermion masses, scalar masses
unify at GUT scale.

Parameters:

 M_ scalar mass
- M, gaugino mass
« A, trilinear coupling

* tanf 36
* 1 Higgsino mass parameter



Search for SUSY particles

ATLAS generic search for squarks and gluinos in final states with MET and jets

MSUGRA/CMSSM: tanf} = 10, AD= 0,u>0

; SDDD :'| I I I I I I | I I I | I I I
ﬁ _ —— Observed limit (+10505%) —
o —-— Expected limit (£10,_,,) -
% 2500 ATLAS : —
S Preliminary L || Theoretically excluded
"
© _[ p Stau LSP |
g 200[} Ldt=5.81fb . IE—B TeV '4_"‘ ]
0-lepton combined *, _

oy
*
*u,,
L]
ey

1500 EXCLUDED

1000

DO, Run Il, tanp = 3, p<0

500

200 400 600 800 1000 1200 1400 1600 1800
gluino mass [GeV] 37

— No excess observed, but stringent limits set!



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

o T T T 11 | | - R T T T 11 | | —
MSUGRA/CMSSM - Tlep + I s +E7 e |.=5.l1b" nﬂmmmz- |Lu Te¥ =g maﬁs |
MSUGRA/CMSSM : 1 lep + ] 5 +E L=58b", 8 TeV/ [ATLAS-CONF-2012-104] 124 TeV q g mass
. Pheno model : 0 lep +|'s +E L=581b". 8 TeV [ATLAS-CONF-2012-108] 148TeV QMass (m{g) <2TeV, ngh:x ] ATLAS
2 Phenﬂ model : 0 lep + s +ET,T,,5E L=581b", 8 TeV [ATLAS-CONF-2012-108] 1.38 TeV qmass (mig) <2 Tev. Ilghtxu} Preliminary
5 Gluino med. % (G—d):1lep+js+E, . gmass (m(y)) <200 GeV.mix ]—&(mu yem @)
3 GMSB (I NLSP} 2le HOS +J5+E _qmass {tanf < 15)
z  GMSB (TNLSP) : 121+ |Ep+JS+E miss g Mass (tang > 20)
B GGM (bino NLSP) - yy + E g Mass (mix)> 50 Gev) j _ ) -1
3 GGM (wino NLSP) -y + lep + E1™= g mass ‘ Lat=(2.1-13.0)™
- GGM {hlggsmo—blnﬂ NLSP:I 7t b+ ET g ITIHSS {m[xu}}ZZEI Ge\) E = ?1 8 Tey
GGM (higgsino NLSP) : Z + jets + E 1=58 0", 8 TeV/ [ATLAS-CONF-2042-152] 690 Gev g mass [m¢H]n2uu Ge‘.l']
o Gravitino LSP : 'monojet’ +Erm_ L=10.5 fiv”, 8 TeV [ATLAS-CONF-2012-147] 845GeV. F scale  m(G)>10%sv)
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2o X, (virtualt) - 3lep +js +E; o L=12.0 f", 8 TeV [ATLAS-CONF-2012-151] BE0GEV] gmass (mir) < 300 GeV) eV results
== vlnualt}_} 0 lep + multi-J's + E; . |[=58f5" 8TV [ATLAS-CONF-2012403) T00TEV] g Mass (mix,) <300 Gev) _
o= E_l,..{""“'“-'%tl-.[].!‘?Riﬁ..b.J.S.iﬁrmu- L=128 fv", 8 TeV [ATLAS-CONF-2012-145] 1457eV| g mass mi |} < 200 GeV)
. +b11 0 Iep + 2- h-jets +ET mize |LT128 M0, B TeV [ATLAS-CONF-2012-165] 620 Gew b mass {m& ].-: 120 Ge‘u']n
=5 bbaté 3lep +j's+ Ep .. |LS10M" 8TV [ATLAS-CONF-2012-151] a056ev| b mass (m(r) = 2mGc)
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= a it {medlumh t—}hx 1 2lep + ET miss  |L=130 6" 8 Tel [ATLAS-CONF-2012-167] 160-440 GeV = t mass ¢m{x"] 0 GeV. m{t}-m{x )= 10 GeV)
o B3 —— t—>tx 1lep + b-jet +ET L=12.0 ", B TeV [ATLAS-CONF-2012-166] 230-560 GeV | t mass [mﬂx )=0)
= E é miss
&8 it t—:% 0112 lep 5+ bjets) + Ep .. (L4707 TeV[1208.1447.1208.25%0.1209.4186)  JSJRGSIGEENN  mass [mtx )=0)
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= 3 1);1 11—>Iv[ﬁlr>hrx 2lep +E.r L=47 b, 7 TeV [1208.2884] 110340 GeV I mass (m(E) < 10 GeV.mil7) = *:m-& )+ mEE)
W 2 il=1.rI I[wbl‘_ul EWI} Jlep +E L=13.0 /", B TeV [ATLAS-CONF-2012-154] snaev 11 mass :m&L: m{i . m&} O, m:w:asahwe:
__________________ ¥ Y. 3lept :E_T'm_ L=13.0 b, 8 TeV [ATLAS-CONF-2012-154] 140-25 GeV x mass ¢m{x] m{xzj m[xu}—I] sleptl:rns decoupled)
. Direct ¥, palr pmd EMSE!} long- Jivedy X 1, mass i1 <t} < 10 ns)
E & Stable g R-hadrons : low B, By (full detectur} g mass
&  Stablet R-hadrons : low B, By (full detector) > t mass
S8 GMSB : stable T TMass (5 <tanfi <20)
:J Lﬁ'q'q” LRP‘I.,FJ n+ heaw d|5p|3ced vertex q Mass (03«10 < Loy 1.5:10° 1 mm < et < 1 m, decoupled)
LFY : pp—V_+X, v —e+| resonance WeWl V. mass (i, =0.10.4,,,=005)
LFV : pp—v +X, 7 —>e[j.1}+t resonance Vo mgas (A5, =0.10. A, .,=0.05)
& Blllnear RF"'.-ECMéSM 1 lep + 7 J's + E1 e Q=g MASS (cTee= 1 mm)
0c X 141 Wx Ky PEEV), IV dlep + Eq e 700 GeV x mass [m.:i";: 300 GeV, k., or &,y > 0)
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_ Q= qqq }Jei resonance pair Q mass
Scalar gluon : 2- Jet resonance pair |L=46f". 7 TeV [1210.4826] PNFESERGE sgluon Mass fincl. Fmit from 1110.2603)
WlMP mteractmn {D5 Jirac I]‘ mD"UIBf +E |t=tosmt e Tew s0aGey| M* scale (m, < 50 GeV, limit of < 857 GaV for PE)
e - -Tomiss - | L1 1 1111 | |||||||Ti L L1 1 1111 | L1 |
107 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TEV]

All imits quoted are observed minus 1o theoretical signal cross section uncertainty.






Events

Significance

Search for New Phenomena in the Dijet Mass

Testing the SM up to the highest energies at LHC. ATLAS-CONF-2012-148

Aim: Look for excited quarks q* — qg (ie. quark sub-structure) by probing dijet mass.

The SM dijet mass comes from non-resonant QCD dijet production.

T T T T LA R B I B R | '. 1 1 E
1051 ATLAS frgé't?'nary _|  Search strategy:
- — Background 3| 5ok for bumbs in the dijet mass!
10° = Vs = 8 TeV =
- [Ldr=13.0f" 3
10° = i
- 5 Background estimated from a fit
2L ] tothe dijet mass:
% % f(x) — pl(l _ x)}72x173+p4 In x
= E
1 ;_ | \ | , \ | \ \ .| ;
L | | | | | | | LI | L
2F <4 Significance does not contain
oF systematic uncertainties.
-2F =

5000 '3'0'0'0' — '4'0'0'0' = BumpHunter algorithm (arXiv:1101.039@)
Reconstructed m, [GeV]



Search for New Phenomena in the Dijet Mass

Cross section limits on excited quarks: Bkg subtracted data vs. prediction:
E1OB§| | | | | | |§ E L L L L L L L L L L L B B B
2 e g*MC12 ] — [ Vs=8TeV,|Ldr=13.01b" :
< 102L —— Observed 95% CL upper limit_ 373 4— e [data-fit]/fit —
X S - Expected 95% CL upper limit 3 © L e q”" PYTHIA 8 (1500) -
© - 68% and 95% bands . © e 7 PYTHIA 8 (2500) |

10 k= —~ AR &= * PYTHIA 8 (3000)
SN 1 - q* PYTHIA 8 (3750) -
- N . . B
1E Q/—O\\ ATLAS Preliminary = I i
- <, D Ldr=130fb" 7
'ONERN
107"E 4 Vs =8 TeV _
- - o
107 .. 3 :
- T - ATLAS Preliminary -
10-3 . | I I I I | . l |\\| . || I.I.|.I.I.I.I.|.I.I.I.I.|.I...I.|.I...I.
2000 3000 4000 5000 1000 2000 3000 4000 5000
Mass [GeV] Reconstructed m;; [GeV]

—m_> 3.84 TeV 41



47 GeV.

4.69 TeV. MET

)

Highest dijet mass event: m_

Date: 2012-08-31 20:24:29 CEST

N U N

T T Tw T w w ™w

S
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150

i

'y == Run Number: 209580, Event Number: 17922970

o ____::_\_H . e




Events / 100 GeV
S,

107

10

Search for Microscopic Black Holes

CMS-PAS-EXO-12-009

ADD (Arkani-Hamed, Dimopoulos, Dvali) model: n large, flat extradimensions.

New physics mass scale M%+2 X M%IR_H

With M_ Planck scale (10" GeV), and R size of the extra dimensions

CMS Preliminary \'s = 8 TeV, 3.7 fb" f)
Multiplicity, N> 8
® QObserved
—— Background
Uncertainty
------ Mp=15TeV, MI""=55TeV,n=6
- Mp = 2.0 TeV, MET;"” =50TeV,n=4
----- M, =2.5TeV, Mé‘;"” =45TeV,n=2

.....

.....

i 1
A -y l__I

_I|IIII|IIII|IIII|IIII||I";.-FI|IIII|§IE.1|

2000 2500 3000 3500 4000 4500 5000 5500

S, (GeV)

Search strategy:

The black hole evaporates and a
large amount of particles are
produced

— look for large MET, events
with high jet mulitplicty, large
scalar sum of E_(S_ variable)

Main background: QCD multi-jet events
43



Search for Microscopic Black Holes

) XA (pb)

min
T

G(ST >8

—
=

Model independent limit: Limits on BH masses for specific models:
CMS Preliminary Vs = 8 TeV, 3.7 fb” f) EJ o CMS Preliminary (s = 8 TeV, 3.7 fb"
| Multiplicity, N> 8 EE [
= — (Observed i -
- s Expected + 1o e |
e Expected + 20 255
— — Observed, 2011 data X r
= — - - Expected, 2011 data -
- 5
3 2012,37 0", 8 TeV [
I 4-5__ BlackMax
- N N . -~ —e— Nonrotating
= NS — —— ——. - .
- _ --m-- Rotating
i 201,47 5", 7 TeV 4 Rotating (mass and angular momentum loss)
I|I I|II I|I II| I|IIII|IIII|IIII|IIII|IIII|IIII|I
2000 3000 4000 ~ 5000 1.5 2 2.5 3 3.5 4 4.5
STmIn (GeV) MD (TeV)

— No excess observed! 44



Search for Microscopic Black Holes

m Candidate event with 8 jets and total E_of 3 TeV

",

CMS Experiment at LHC, CERN

Data recorded: Fri May 18 15:39:35 2012 CEST

Run/Event: 194424 | 468904706 45
Lumi section: 325 e



Exotic Higgs Searches: Doubly-charged Higgs

CMS Search for = — 2I In the SM : One Higgs doublet
In the MSSM: Two Higgs doublets
CMS PAS HIG-12-005 In the NMSSM: Two Higgs doublets + one singlet

ié.ven more exotic: One Higgs triplet

Production/decay of doubly-charged Higgs: Dilepton mass spectrum:
q N CMS Preliminary /s =7 TeV, [ £=4.6 fb~!
4 . . . .
0 (I)+ +< + 10 —— Data
Z /’Y __________ |J E 7sjets
:::. VV+jets
............ I' ]_03 B iiijets
O - K BN Single top 1
|' % m— Signal (350 GeV) |
q O 107
q L =
aJ
+ -
q || 42 101
QO
Wi (I)++< I+ a
o J z 10
é; ....... / IK
............. 10—1
. .
q Vi

100 200 300 400 500
— look for same charge leptons! m(t6F) [GeV]



Exotic Higgs Searches: Doubly-charged Higgs

BR(®= — eFe*) = 100%
CMS Preliminary /s =7TeV, [ L =4.6fb!

10 - S DR
o (R e g
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E ]' DD SN .0 1
b B A R R
e R T e
B B e e
C _______________________________________________________________________
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:*: bl hl r
e ..
= 1071
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© 2
39" ]-U_ LI i
T II;IIIIIIIIIIIIIII;IIIIIIIIIIIII """"""""" R
o B S S +10 band
_______________ ______________ 1 +2r band
________ v ' Tevatron exclusion |
: : = = Expected limit (combined)
1[]_3 IIIZZIIf::ZZIIIIIZZIIIIIEZIIIIIIIIIIIII — Obsewedhmlt(mmbmed} ]
---------------------- froeeee r
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— No excess observed!



events / 100 GeV

10%
10°
10?

10

10

Q|

Search for excited electrons and muons

Is the lepton a composite particle?

4
P / < Event signature: two leptons and a photon

Look for qq — II* — llyin eey and ppy final states

Y
Since no signs of compositensess found previously,
) compositness scale A must be large.
p. (y) > 30 GeV
T ATLAS-CONF-2012-146
E | T T | T T T | T T T | T T T | T T T T T T — % - | T T T | T T T | T T T | T T T | T T T T T —
_ ATLAS Preliminary * Data 2012 1 O ;gL ATLAS Preliminary * Data2012 a
= |Ldt=137" i 8 E|Ldat=13%" Lz -
Z - [z + jets, diboson, ff 1 = X Z [z + jets, diboson, tf N
= s = Bkg. uncertainty = o 100 2= [ Bkg. uncertainty =
: \'s =8 TeV M. A)=0210TeV 3 § : \s=8TeV CJm.A) - 02,10)TeV 3
= (m,A)=0510TeV | g 102l (m.A)=(05,10)TeV ]
% D(me‘, A) =(0.8, 10) TeV % D(mw,A) =(0.8, 10) TeV %
1 gy e .
[ = 1
- -
= .
I o s 10° =
200 400 600 800 1000 1200 1400 800 1000 1200 1400
Mee, [GeV] M., [GeV]



A[TeV]

18
16
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12
10

N A~ O @

Search for excited electrons and muons

Limits are set on the excited electron and exctited muon mass
as a function of the compositeness scale A.

Excited electron:

=

| T T T T T T T T | T T T T | T T T T —
ATLAS Preliminary ] Observed limit >
l_
Ldt=13fp! = =sesss Expected limit -z

/s =8 TeV = === Expectedtic

\ - - *}A
- =
L

...... Yo, — ATLAS 5 fb, ys=7TeV

0.5 1 1.5 2 2.5 3

m_ > 2.2 TeV for A=m

Excited muon:

18 T T T T T T T T T T T T T T T T T T
- | ATLAS brellmlnary D Bbsewed |,n'.,,t .
16 - Ldt=13fy! = =emess Expected limit B
14— s=8TeV = == Expected+1o _
- - m,. > A .
12 A ~ — ATLAS 5 fb5", ys=7TeV 1
10 -
8- -
61— -
4t -

2

05 1 15 2 25 3
m, . [TeV]

m.> 2.2 TeV for /\=mu*

49

— No excess observed!



Events / 25 GeV

Search for dark matter and extra dimenions with monojets

Graviton + mono-jet production:

Wimp: Massive, interacting massive particle
— Dark matter candidate.

P 663 (&) Graviton is precited in models with large
@3} g & extra dimensions (ADD models).
000
99 % Graviton cross section is then large, it is not
33 N confined to the 4D brane where the SM lives.
g G(G)
S L L T B A L L I B = Wimp-pair production:
- CMS % Z—vvy . p p p
B W=y ]
Vs=TTev . a) | ., »
= J’L gt 501" 7 aco E g Initia -state-radiation
- I z-rr - jet
i —@— Data |
= e DM A =599 GeV, m = 1 GeV = 7 _
K P — ADDM,=2TeV,5-3 ] é;;//f L
E e PR : g XK

||t_:||_

775

Wimps and gravitons do not interact

400 500 600 700 800 900 1000 with the detector, but leave MET.
E?'SS [GeV]



Search for dark matter and extradimenions with monojets

v-Nucleon Cross Section [cm?]

arX1v:1206.5663v1
Limits on wimp-nucleon scattering cross section: ADD mass scale parameter:
10-31 T T T T T T T T 1111 T T T L B R B I CG"\ 7j [ [ [ [ ]
== CMS MonodJet CMS o - CMS = CMS (NLO) 5.0 fo'! -
108 =e= CMS MonoPhoton Vs =7 TeV > 6 Vs=7TevVv  ==e=sms CMS (LO) 5.0 b 7
— CDF 2012 : . 2 - L e ATLAS (LO) 33 pb™" -
1 0_35 ....... XENON-100 JL di=5.0fb “‘*—é ; - IL dt=5.0fb LEP -
CoGeNT 2011 = — ==== CDF —
CDMSII 2011 EX@LU DED e D& -
10'37 CDMS”2010 ::: 4%! llllllllllll EXCLUDED _:
10°° s T e =
10 7| S SH— . : =
107 | | S i Inmanzanns PP =
a) Spin Independent - B
10‘45 | | \I\Il\l | | I\IHIl | | IIIIII| | | L 11111 : E :
10’ 1 10 10° 1203 2 3 4 5 6
M, [GeV/c] Number of extra dimensions n
Better limits than direct searches M%+2 X MIZ’IR_n

form <3 GeV.
X 51



Search for dark matter and extradimenions with monojets

CMS Experiment at LHC, CERN Monojet data event. p_ (jet) = 574 GeV
Data recorded: Tue Oct 4 02:50:32 2011 CEST
Run/Event: 177783 | 442062676 MET = 598 GeV.

Lumi section:; 273

o ak5PFJet 0, pt: 574.2 GeV
il 1
- N - '8
|
. |
- - A

pfMet 0, pt: 598.3 GeV




ATLAS Exotics Searches” - 95% CL Lower Limits (Status: HCP 2012)

Large ED (ADD) : monophoton + E1 .
Large ED (ADD) : diphoton & dilepton, m,,
UED : diphoton + E; .
Sz, ED : dilepton, m,
R31 : diphoton & dilepton, my,
R51 : ZZ resonance, my 5
RS1 : WW resonance, mry,,
RS g, (BR=0.925) - tt — l+jets, m
ADD BH (Mo, IMy=3) : 55 dimuon, Jﬁm
ADD BH (M-, IM,=3) - leptons + jets. 5p
Quantum black hole - dijet, F {mﬂli
" 4qqq contact interacfion Ty{m.)
G qqll Cl : ee & py,
uutt Cl - 35 dilepton + jets + E .
- Z(SBM)img,,

Extra dimensions

L=5.9-61 f", 8 TeV [ATLAS-CONF-2012-129]

T T TTT
M (5=2)

Mp (5=2)

ATLAS

M < (HLZ =3, NLO) -
Preliminary

Compact. scale R

My, ~ R
Graviton mass (kiMg = 0.1)
Graviton mass (kiMg =0.1)
Graviton mass (kiMg =0.1)
Mmass

de‘t =(1.0-13.0) "
1s=7, 8TeV

L
My, (5=6)
M, (5=6)
M, (3=6)

A

A (constructive int.)

A
248 TeV 7 mass

Z(SSM) m [L=AT®" T TeV [1210.6604]

W' (55M) Mgy =47 i, 7 TV [1209.4445]

W (=g, g_=1) - my |i=a7%" 7 Tev (12096553

Wg (— th, S%M] M| L0, T TeV [1205.1016]

W‘ml—m L=4.7 ™", 7 TeV [1209.4445]

Scalar LQ pair (§=1) : kin. vars. in eg]j, ev]] |L=1.0%", 7 TeV [11124828]

Scalar LQ pair (8=1) - kin. vars. inppjj, uvjj [L=to®®, 7 Tev [1203:2172]
_...Scalar LQ pair (§=1) - kin. vars. in 1tjj, Tvj] |L=4T1". 7 TeV [Prefiminary]

4" generation : {'t'— WbWhb L=47 ", 7 TeV/ [1210.5468]

V!

Mew quark b’ : b'ﬁ;_;, h+X, m L=2.0%", 7 TeV [1204.1265]
Top partner : TT — tt + A A, (dilepton, Mﬁ L=A7 ™, 7 Tel [1209.4186]

T Excited guarks Ty-jet 'riér;ﬁh'éﬁ't:ié,'fﬁ;_'
Excited quarks : dijet resonance, m;

Excited lepton : I-y resonance, m
7 Techni-hadrons {LSTC) Hiféf:’tf:h',}ir;.'w i
Techni-hadrons (LSTC) : WZ resonance M"]"mrwz
Major. neutr. (LRSM, no mixing) : 2-lep + jets

W (LESM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H™—=lI)=1) : 55 ee (up), m
H™ (DY prod., BR{H*—ep)=1) : SSen,m "
Color octet scatar - dijet resonance, neli

| Excit | New quarks | LQ |

' ferm. ;

Other

4" generation : b'b'(T Tea)— WHIWE | 1=47 %", 7 TeV/ [ATLAS-CONF-2012-130]
400 GeV | b mass

Vector-like quark : GC,mh_.q L=4.6 " 7 TeV [ATLAS-CONF-2012-137]
Vector-like quark : NC,m"q_ L=46 ", 7 TeV [ATLAS-CONF-2042-137]

14Tev Z Mass
255Te¥ W mass
430 GeV W' mass
1.43TeV W mass
242 TeW 'W* mass
BE0 GeV ‘Iﬂgen. L mass
625 GeV ngen. LQ mass
538 Gev 3" gen. LQ mass
&56 Gev 1 mass
BT GeW D' (T 53:' mass

483 GeV T mass (m{A_) = 100 GeV)

1.12 TeV \?LQ mass (charge -1/3, coupling Kga = vimg)

108 Tew VLOQ mass (charge 2/3, coupling K = vimg)
qQ* mass

q* mass

I* mass (A = m{l*))

pyle, mass (mipfo) -ming) = M)

p, mass (m(p.) = mix;) + my, m(a) = 1.1mip,))

M mass {m{WR} =2 TeV)

Wemass (miN) < 1.4 TeV)

H* mass (limit at 398 GeV for up)

H." mass

Scalar resonance m
1 N O N N A | | I I N A I |

*Only a selection of the available mass limits on new states or phenomena shown

1 10 10°
Mass scale [TeV]



Summary

* The LHC found a Higgs-like particle!!

» Apart from that, all measurements match the predictions
of the Standard Model...

But to watch out for: Enhanced H — yy signal strength.

* |s the Higgs-like particle a SUSY Higgs”?
It is possible! But no direct traces of SUSY have been found.

 ATLAS and CMS look for other interesting signs of new physics,
but nothing found so far
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