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Searches for Supersymmetry (SUSY)
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e Colored SUSY particles preferentially produced at LHC
— Strong interaction, large cross-section
e Primary search channels: squark squark (Gg), squark gluino (Gg), gluino gluino (gg)
— Subsequent SUSY decay chains produce many jets, high-MT, high-MET, ...
http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale” 6
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e Colored SUSY particles preferentially produced at LHC
— Strong interaction, large cross-section
e Primary search channels: squark squark (Gg), squark gluino (Gg), gluino gluino (gg)

— Subsequent SUSY decay chains produce many jets, high-MT, high-MET,
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https / / twiki.cern. ch/ twiki/bin/view/CMSPublic/ PhysucsResultsSUS
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e CMSSM exclusion limits from CMS, ATLAS limits similar
e No signs for SUSY — Exclusion limits from previous experiments largely improved
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Pair production:

e J[ypical decays:

- §— gxi and § — qax;

e Typical topology:
— gq — 2 jets
— gg — 3 jets,
— gg — 4 jets

e 5 Signal regions N =2,3,4,5,6 jets
e Define merr = vazl piet o B
e Backgrounds estimated from data by

control regions

Tue 9:30 M. C. Rammensee
http://cern.ch/Martin.Weber
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ATLAS-CONF-2012-103, ATLAS-CONF-2012-109
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Pair prodution:

e J[ypical decays:
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e 5 Signal regions N =2,3,4,5,06 jets = | .
e Define Meorf = Z et: + Emlss B HF i_ATLAS CONF 2012109:
: O 2sE =
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. < OE E
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e Good agreement observed

Tue 9:30 M. C. Rammensee
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CMSSM / MSUGRA interpretation
e Limits from 2011 extended ~ 50 GeV in my 7

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale” 11
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SUsY

m— Observed limit (t16, )

——— Expected limit (+15,,)

- Theoretically excluded
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More " natural” interpretation: mgs vs. mjg

e [arge excluded space

e |[arge "theoretically excluded” areas

— Feature of CMSSM: mg, my e, Ao, tan G, sgn u
— Validity of the model?
http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”



http://cern.ch/Martin.Weber

New Scientist: "... konnte der Zerfall
von Bs Mesonen In jewells zwel Myonen
registriert werden. [...] modglicherweise
der Sargnagel fur die vieldiskutierte
SUSY.”
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e SM Prediction: B(Bs — p ) = (3.54 £0.30) x 107°
Buras, Isidori: arXiv:1208.0934; De Bruy et al. arXiv:1204.1737

Standard Model diagrams:

_ L S M

G.Isidori, HCP 2012

Possible SUSY contributions:

on

u A°, HY
W s | H N s
G.Isidori, HCP 2012 G Isidort, HCP 2012
e Important if B~ SM e large effect at high tan3

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”

Bs — wu~ doubly suppressed in Standard Model (FCNC, helicity suppressed)
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Selection

e Difficult analysis, use Boosted Decision
Tree for signal <+ background separation
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Selection

e Difficult analysis, use Boosted Decision
Tree for signal <+ background separation
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Selection

e Difficult analysis, use Boosted Decision
Tree for signal <+ background separation
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] 1 ]
arXiv:121h 2674

LHCb
1.0 b '(7TeV) +1.1 b (8TeV)

/

6 8 o
B(B — uw" W) [10]
e Use BDT > 0.8 for measuring B

e p-Value for background-only hypothesis: 5.3-10* =3.5¢

LHCb evidence: B(Bs — putu~) = 3.2 (stat) )3 (syst) -107°
SM Prediction: B(Bs — utu~) =3.5440.30 1077

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”
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A

CMSEM - tan (=30, Aﬂ=ﬂ

red line: |
CMS jets+E7">°Q@7TeV

LHCb Bs — utpu™ @ 7 TeV

L L 1 ] + 1 | P I (I I |
500 100 1500 2000
m, ., [GeV]
F. Mahmoudi, arXiv:1205.3099

e [ HCDb result cutting deep in CMSSM space
e More stringent bounds than direct searches for large tan(3

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”
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Fittino:

e Estimate CMSSM parameters
from measurements

e Quantify compatibility
with CMSSM

Input sets of observables to CMSSM fits

e [ndirect constraints:
B(b — s7v), B(B — uu),
B(B — Tv), Amg,,
Aa, = a;"" — aﬁM.

e Astrophysical observations:
Qcomh?, XENON,

v-rays from dwarf galaxies
e Collider results:

LHC SUSY & Higgs & Bs — upu,
LEP m, .+

Tue 17:15 X. Prudent
http://cern.ch/Martin.Weber
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LHC, m ,=126GeV FITTING
- 1o Environment == _ o SUSY’ /
25 Environment SPRING 2012

Best Fit Value
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[T

0
W APHOH o0 o0 %0 20 % G T, T, T 8.8 b,b, T, T, §

4 2 1 "2

e Multi-TeV g, g, most sparticles 2 1 7TeV

Input measurements x° /ndf
low energy +astrophysics (LEO) 10.3/8
LEO4-SUSY limits 13.1/9

LEO+SUSY+M(Boson)=126 18.4/9

e Bad overall compatibility when Higgs is included!

21
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Alternative SUSY scenarios
« NUHM

- additional Higgs deegres of
freedom

pMSSM

- 19 parameters, less assumption
on SUSY breaking

Split SUSY / high-scale SUSY

- High mass scalars
GMSB, AMSB

- SUSY breaking mechanisms
R-Parity violation

- Neutralino lifetime, stau LSP, ...

Experimental approach:
* Use “simplified model spectra (SMS)”

 Look in all possible production/decay
topologies

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”
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Alternative SUSY scenarios

* NUHM

- additional Higgs deegres of
freedom

pMSSM

- 19 parameters, less assumption
on SUSY breaking

Split SUSY / high-scale SUSY

- High mass scalars
GMSB, AMSB

- SUSY breaking mechanisms
R-Parity violation

- Neutralino lifetime, stau LSP, ...

Experimental approach:
* Use “simplified model spectra (SMS)”

 Look in all possible production/decay
topologies
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- 0-lepton combined |:| Observed limit (4.7 fb™, 7 TeV)

. Use same analysis, change interpre-
tation

qaq
e T[ypically just 2...3 particles
e Couplings fixed by SUSY

e Masses free parameters

|AT|LAS|-C|:| N|F|-2|q1|2|-1|q9|||='|“| L laay |‘.".|||||||||||.|||||||.

200 300 400 500 600 700 800 900 1000 1100 1200
m; [GeV]
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squark mass [GeV]

N
[=1
o
o
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3,u<0

DO, Run II, tanB

Preliminary

J Ldt=581b", ys=8 TeV

0-lepton combined
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1000
q
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e Observed limit (16,

--— Expected limit (+15,,,)
- Theoretically excluded
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— limits on masses
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Graphics from Ch. Grojean, HCP
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e Keep corrections to Higgs mass small

B T o
- (Q1.2,U1,2,d1 2
W DIIIzIziiiis
1400 Gevq4 ———

~ BH

g 1200 GeV

oo

----- j, et 500 GeV
5 e Not the CMSSM
H

HY e Light Higgsinos

500 GeV4 ® Light 37 generation §

e Other sparticles de-

-0 GeV coupled

6th annual Workshop “Physics at the Terascale”
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b b =

Beenakker, Hopker, Kramer, Plehn, Spira et al.

10 I I I I I I

P‘mspilnoZ 1

i 1 m(£, b) < 500 GeV ,
vs=7Tev | Higgsinos ~ electroweak scale

o, [pbl: pp = SUSY

e Comparable cross-section

Fruitful activity by experiments

o]
Tt

e Direct £, b production

o 3rd~ generation  sparticles
(7, b, ) in the decay

e Spartners of Higgs, W, Z:
charginos x=, neutralinos x°

LR
IllIII|

10

10
100 200 300 400 500 600 700 800 900
m [GeV]

average
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Beenakker, Hopker, Kramer, Plehn, Spira et al.

P‘mspilnoZ 1

VS =7 TeV

IllIII| L1 | ]

m [GeV]

m(f, b) < 500 GeV ,
Higgsinos ~ electroweak scale

e Comparable cross-section -
Fruitful activity by experiments

e Direct £, b production

e 3’9 generation sparticles
(%, b, ©) in the decay

e Spartners of Higgs, W, Z:
charginos x=, neutralinos x°

6th annual Workshop “Physics at the Terascale” 28
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(s=7TeV L =4.98fb"

S|mpI|f|ed model P tx and t—> +b

e > b jets, > 1 b-jet
e |argest background:

Prediction

Plti+t+eW
|:|Z—W'Tr

I QCD multijets

777 Uncertainty

MC expectation

C Jttetsew

[ ]Zsvy
[ ] QCD multijets

— i1 1 - Wb
it 1'b - W'bin

mii/5 /F )= 350060/ 275 Gev

%
ii

CMS-PAS-SUS-11-030 f / Baseline Loose Medium Tight

Search region

— Semi-leptonic tf with real EX's®

Use EZ'** > 175 GeV to discriminate

Look at 5,6 and 7 jet final states,
with loose, medium and tight cuts 150
t

200

100

CMS-PAS-SUS-11-030
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e Limits
- f—=t+%x°

e More t results from
CMS available, just
one example

http://cern.ch/Martin.Weber

"MS stop mass limi

CS Prellmmary
\s=7TeV L=4.98fb!

1 1 | LI | I I | LI | L)
——— Observed limit, + 1 (theory)
Expected limit, = 1o

ppo T4 T t+7

250 300 350 400 450 500 550 600
: m- (GeV)
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i1, producllon i, —>b+x ¥ —>W( ’+x (BR- m, < 200 GeV) t, —>t+x (BR=1, m_> 200 GeV)

ATLAS Observed limits (-1o5USY)

theory
—— Observed limits (nominal)

t,
|||||||||||||
t—)bﬂ{ x—}W +x (n1<2{]OGeV)
-2Ieplon m —106Ge\f

_ 1/2-leptons + b-jets (m_, = 106 GeV)
%,

I Ldt=4.7f" \s=7 TeV ---

Status: September 2012

Expected limits (nominal)
1/2-leptons + b-jets (mw+ =2xm o)
All limits at 95% CL, %

t — t+}[ (n'L > 200 GeV)
— D Ieplon
—— 1-lepton

B 2-lepton

"{4] 1208.4305
[2]:1209.2102
[3] 1208.1447 (Accepted by PRL)
[4] 1208.2590 (Accepted by PRL)
[5] 1209.4186

m_. (= 106 GeV)

|
L m.>
L

| |
550
Mg [GeV]

150 200 250 300 350 400 450 500

Very comprehensive ATLAS program
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Beenakker, Hopker, Kramer, Plehn, Spira et al.

10 T ! : O] | Prospino?.1

1 m(f, b) < 500 GeV
1 Higgsinos ~ electroweak scale

O, [pbJ: pp = SUSY VS =7TeV

e Comparable cross-section

Fruitful activity by experiments

e Direct , b production

IllIII|

e 3’7 generation sparticles
(%, b, t) in the decay

e Spartners of Higgs, W, Z:
charginos x*, neutralinos x°

p—
=
T 11 II|

%29L0
| | | |

100 200 300 400 500 600 700 800 900
m [GeV]

average
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10

Beenakker, Hopker, Kramer, Plehn, Spira et al.

PmspianZ. 1

VS =7 TeV

IllIII|

http://cern.ch/Martin.Weber

500 600

700 800 900
m [GeV]

average

m(f, b) < 500 GeV ,
Higgsinos ~ electroweak scale

e Comparable cross-section
Fruitful activity by experiments

e Direct , b production

s 3rd~ generation  sparticles
(7, b, t) in the decay

e Spartners of Higgs, W, Z:
charginos x*, neutralinos x°

6th annual Workshop “Physics at the Terascale”
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e Simplified model spec-
tra (SMS) with few I
parameters

e Decay to three-lepton
final states

e Same-sign leptons
from %° decay

P2

CMS Preliminary ~ (s=8TeV,L = 9.2fb"

CMS Preliminary VYs=8TeV,L =92 fb!
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e Simplified model spec-

tra (SMS) with few N 7 & ¢ o @ H
parameters 4 T Xa a ¢
T ~ =0 N
e Decay to three-lepton i 7 .<- X1 ,
_ e
final states v
e Same-sign leptons {
from %° decay
CMS Preliminary ~ (s=8TeV,L = 9.2fb" CMS Preliminary s=8TeV,L =92
;-2507 T ] "'E""'*""'""';';’"",; L P B B B B LR
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e Simplified model spec-

tra (SMS) with few . s i |
L. = ~ =0 L = S ol
parameters ' £ X1 ' l Xi
e, -~ =~ - =~ -
e Decay to three-lepton XT N __"’.'...<’ X, 5&* __g__.(f X1 |
: 1
final states \ v \ ¢
e Same-sign leptons 4 v
from %° decay
/ veto, small My Z veto, large Mt Z on-shell
%1[]4II|||||||||||||||||||||||||||||||§ﬁ103§|||||||||||||||||||||||||||||||||§'_"5 :'"|""|""|""|""|"|||
O | ATLAS Preliminary *Data H Dibosons O | ATLAS Preliminary *P2@ 1 Dibosons 52102-— ATLAS Preliminary *Data  [IDibosons
&0 ~TotalSM [ Trbosons 3V | “Total SM [Tribosons | < 7 E ~Total SM [ Tribosons
: % -=:SUSY Ref. Point 1 5 - -=:SUSY Ref. Point 1 10 1wk ==+ SUSY Ref. Point 1
o - SUSYRel.Point2 ] 10k = SUSY Ref. Point 2 g = SUSY Ret. Foint 2
A ERRRL= 7= P LU
10" ? ,,,,, 7
1 10

10°%

10°
100 150 200 250 300
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ATLAS Preliminary

j Ldt=13.0 ftil, Ys=8 TeV ATLAS 4.7t " s =7 Te

* SUSY ref. point 1
m; = {min + mi.jfE‘
: ' 1 All limits at 95% CL

Observed limit (+1 ai'i‘::;}

Expected limit (t165,, )

M. = M.
X, I}

Numbers give 100-CL[%] exclusion values

%% S LVIIE ), IV Ey)
SIVE v wE 9

3
3

I | | 1ol | | 1ol | | L1 1 |
200 300 400 00 600 700

z' ™

e Additional limits for (off-shell) W and Z decays of %5 and in pMSSM

Mon 17:30 J. Dietrich
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MSUGRA/CMSSM : 0 lep + s
MSUGRA/CMSSM : 1 lep + j's
Pheno model : 0 lep + j's
Pheno model - 0 I-:nln £ j'-:.

Y
N
N
Gluino med. X~ (§—offz ) : 1lep +j's + E
-+
+
+

GMSB (I NLSP) : 2 le gOS) +|'s

GMSB (T NLSP) : 1-2 T + 0-1 lep + |'s

GGM (bino NLSP) :yy

GGM (wino NLSP) :y + lep + E

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

GGM (higgsino NLSP) : Z + jets + E

Gravitino LSP : ‘'monojet’ + E; .,

3 %, (virtualb) : O lep + 3bjs + E

S g—>tr (virtyalt) : 2 lep (SS) + |s +E
e %tr (virtualt) : 3 lep + j's +

;_a gﬁ\lfi {,wrtualt) 0 lep + multl-J s+E

Inclusive searc

bb b —>9 0 Iep + 2- b-]ets + E
. bbb1—>t1 3Iep+Js+E
it (very I|ahﬂ t—)by :2lep + £

L=5.8 b

L=5.81b"

-1

L=5.81b",

. 8 TeV [ATLAS-CONF-2012-109] 1.
8 TeV [ATLAS-CONF-2012-104]
. 8 TeV [ATLAS-CONF-2012-109]

eSSt B Tay LATL AS.CONE.2012,200]

L=5.81b", 8 TeV [ATLAS-CONF-2012-152]
L=10.5fb™", 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb™', 8 TeV [ATLAS-CONF-2012-145]
L=5.8fb", 8 TeV [ATLAS-CONF-2012-105]
L=13.0fb”, 8 TeV [ATLAS-CONF-2012-151]
L=5.81b", 8 TeV [ATLAS-CONF-2012-103]
L=12.8 b, 8 TeV [ATLAS-CONF-2012-145]

L=13.0fb", 8 TeV [ATLAS-CONF-2012-151] _ 405 cev b mass {m(x )= 2 m{z J]
t mass _(m(z" L= 70 GeV)

S SUSY Searches

o ud

- 95% CL Lower Li
0Te¥ Q=g mass

12aTeV. Q= g mass

138 Tau nm:ue.c oo

1.18 Tev J mEiSS {(m(qg) < 2 TeV ||::|htf

-0
=t Ilr!hl- 3

its (Status: HCP 2012)

ATLAS

Preliminary

g Mass (mix)) <200 GeV.m(x’) = 3 ) +m@)

gmass ({tang < 15)
g mass {tanp’ = 20)
g mass {m(x ) = 50 GeV)
g mass
gVl g mass_(m(y,) > 220 GeV)
690 GeV q mass {m{HJ>200 GeV)
ea5Gev. F ~ scale_ (m(G) = 1074 eV)

B850 GeV g mass (mix J < 300 GeV)
860GeV| g Mass (mix,) < 300 GeV)
1.00 TeV g mass {m(x 1] < 300 GeV)

b mass (m(x % < 150 GeV)

Ims =(2.1-13.0) ib™

1.24 TeV g mass {m{;{ }-:200 GeV)

1.15 TeV g mass (m(x %) < 200 GeV)

fs=7,8TeV

8 TeV resulis

_tt (light), t%bi 1/2 Iep + b-jet + E miss  |L=4.710", 7 Tev [1208.2102] 123-167/GEM t mass r“.u.?r_,(lj 55 GeV)
1t (medium), l%f/ 12 lep + b-jet + E miss | L=4-71b ', 7 TeV [1209.4186] 208-305 GeV | t mass u;mu;}(l', 0)
1t (heavy), t%t/w 1 lep + b-jet + ETW“ L=4.7 b, 7 TeV [1208.2590] 230-4800GeV t mass (r rr; ) =0)
.. tt(heavy).t—ty :0 Iep + b-jet + E. . [L=471b",7 TeV [1208.1447] 370-465 GEMl| t mass (m( ,¢ 0)
L [ R .- ....... T mize - tmass [I15<m{x}-\:ZSDGeV}
_ Ielx :2lep + E; . [|L=4710",7 Tev [1208.2884) INESHEEIEEW | mass (m(x)) = .
=38 E L=4.7 fb”', 7 TeV [1208.2884]  110-340 GeV x mass {m{i?) < 10 GeV, m{lyv) =;{m{if} + m&?l}]
"- L=13.0 fb ', 8 TeV [ATLAS-CONF-2012-154] 580 GeV ,{_ mass rnr; ) =miy ). mix ) =0, mlyv) as above)
L=13.0 fb”", 8 TeV [ATLAS-CONF-2012-154] 140-205 GeV x mass {m{x J =mix } m(x )} = 0, sleptons decoupled)
‘O ................................. : o mass g <"(x }( 1 ns)
4 h%f & Stable g R-hadrons : Iow B, By (full detector) g mass
| 8’ 2 Stable t R-hadrons : low , By (full detector) - t mass
s GMSB : stable @ Tmass (5 <tanp <20) } )
%, —.agu (RPV) :u + heavy displaced vertex Q Mass (0.3:x10° <y, <1.5<10", 1 mm <.t < 1 m,g decoupled)
LFV : pp—w +X V. —e+U resonance T V mass (4,,=0.10,4 ,=0.05)
LFV : pp%v +X,V —e(u)+T resonance Vo mBSS (A34=0.10, 4, 5 ;,=0.05)
& Bnlmear RPV GMSSM k. lep + 7 j's + E; s q g mass (ot < 1 mm)
o T +x —>me xaeeev env_ tdlep + £, |L=13.01b7,8 TeV [ATLAS-CONF-2012-153] 700 GeV };1 mass (mix }:- 300 GeV.h,,, ork,,, > 0)
| |L, ||_—)|x i —eev, eu\, t4lep + E .. [E=180 b, 8 TeV [ATLAS-CONF-2012-153] 430 Gev | mass_ (m(x ) = 100 GeV, mu )= mupg mu,} Hiypy OF Reyyp = 0)
....................... a->.qq9.: 3-jef resonance pair g mass

Scalar Bluon 2-jet resonance pair
WIMP interaction (D5, Dirac ) : 'monojet' + E

................................................... T.miss .
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L=4.6 fb"

, 7 TeV [1210.4826]
L=10.5fb”", 8 TeV [ATLAS-CONF-2012-147]
1 | 1

PHGetEEREeY sgluon mass (incl. limit from 1110.2693)

704 GeV M” fcale (m, < 80 GeV, limit of <
1 1 [ 1 1

687 GeV for FS,‘l

107! 1

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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https. / / twukl.cern.ch/ twiki/bin/view/CMSPublic/ PhysncsResultsSUS

5 . = e & T e 1-_..:__" __'g_- ol n ‘.\..:, W i ficia, - 1 ey - i R = i
. . j T z-0.25 ' ’
CMS preliminary | .mother) m(Lsp) =200 Gev m(LSP)=0 GeV
T1l: 349X’ | gluino

T1tttt: g—etx” gluino

T2: g—aX’ | squark

T2bb: b—:*b"“ Sbottom

T3lh: g—qa(x3 =170 X°) | gluino

T3w: g—aq(x™ »Wx"IX") | gluino |—'—|

T5zz: §—qq(xs —2Z%°) gluino |

ChislepSlep: x;x™ —Uvx’X” | chargino/neutralino

7 TeV, < 4.981b -

: . =+ =0 ~0 =0 . .
TChiwz: x* X, -WZx"X chargino/neutralino

0 200 400 600 800 1000 1200
Mass scales [GeV]
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Non-SUSY searches (Exotica)
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Searches with leptons

Zl
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

X -.!.* o 5

CS search sategy:

e Require isolated £ = e, u

e Require opposite sign muons 7'
Backgrounds:

e Drell-Yan (Z/v*) shape taken from
simulation, scaled at Z peak q

e Top-Pair-Production from simulation, C NS Experiment at LHC, GERN

:| Data recorded: Sun Oct 23 20:23:31 2011 CEST
Run/Event: 179547 / 505584390

validated with data in etpT o s

e Fake leptons from QCD multijets,
v+jets and W+jets estimated from
data

m(utu™) = 1379 GeV

Mo 16:30 J. Caudron
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> 105 T T T T T T T T ‘ T Eﬂ I I T T 1 1 T I T
S . CMS Preliminary, {s = 8 TeV J Ldt=36"f" o ATLAS Preliminary ~ + Data 2012
~ 10 i Z'—up Search Ozv
2 .3 —e— DATA ; 5 ) |
o 10 ] vz = 107 Ldt=6.1fb [biboson
w i 4 Wi
10° [ 1 + other prompt leptons 10 Vs =8 TeV []Z/(1500 GeV)
10 [ jets (data) _ 10° (122000 GeV)
1 - 10°
101 - 10 =1
102 7 "’"
= CMS electrons B ATLAS muons -
10° — 10 IE
| | CMS-PAS-EXO-12-015 | ﬂ1 07 ATLAS-CONF-2012-129 .
197" 780 100 200 300 1000 2000 100 200 300 1000 2000
m(ee) [GeV m,, [GeV] |8

Both CMS and ATLAS:
e No signs of excess at high mass in 8 TeV data
e Consistently observed in electron and muon final state

e Set exclusion limits

Mo 16:30 J. Caudron
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8 TeV: ee (3.6 fb')+ p'u (
7 TeV:ee (5.0 o)+ p'p (5.3 b
T T T T | 1 T T T I T T 1 1

CMS: Combination of 7 TeV and
8 TeV data

o M(Z) > 2260 GeV

median expected

- 68% expected

95% expected

—— 95% C.L. limit

W

ATLAS Preliminary --- Expected limit

Is=28TeV I Expected+ 10
Z — Expected + 20

— Observed limit

1 ‘ 1 1 1 1 I L 1 1 1 I 1 1 L L | 1 1 1 1 I L L 1 1
500 1000 1500 2000 2500 3000
M[GeV] 1

s + Muons

— Z,SSM
— Z’x

ATLAS limits 8 TeV: : —7Z,

L4l

=
=

® M(Z.:b) > 2.09 TeV S ee:J-Ldt=5.9fb1
oo ooy by b S e

o M(Z) > 2.24 TeV Liasgie,
0.5 1 1.5 2 2.5 3
Mo 16:30 J. Caudron M, [TeV]

=TT
>
-
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Searches with leptons

WI
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e Sequential Standard Model, W' a
carbon-copy of Standard Model W

e Possible Right-Handed W/}, consider
Interference as well

CMS search strategy (ATLAS very similar): q

w/w'

e Require well reconstructed, isolated C g OMS Exporment st LKC, CERN.
jeaure o
e Measure E7"** = | — > pr| with en- sesionGatTack
ergy flow — o= 148
_ : Sa= 0086 TN
e Require 0.4 < p%/EFs* < 1.5 and A\ N
Ap > 25 \ ;ﬁ __MT =23 TeV
\ e/
Mt = 2312.0 GeV| p— pg:ztmﬂ 16 GaV
LEL
£ miss TR
CMS PAS EXO-12-010
ATLAS-CONF-2012-086 4 :
CMS PAS-EX0O-12-010 Spectacular event!
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e

S ; PR BT A, A S i it ot i
= " CMS 2012 Preliminary .~ | = . — l . —
w . E . . |
g L dt = 3.67 fb” =D""’5°" E ATLAS Preliminary W' — v e Data 2011
DY -> ee 4 i W'(500

Q I0E e-ere R 10° fLdt=4.71b" %W{m(}%)

- 10 W' — ev -tf+ single top 103 \f_= 7 TeV DW'(EOOO)

-'g 10° B ocD w
G 10°F  Electrons ~ Emw-ev 107 Muons =$Op

F
w10 8 TeV " Dama 7 TeV [ ]Diboson B

— W' = ev M=1.3 TeV
— W' — ev M=2.3 TeV

lacb

IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| L1111

ATLAS-GONF-2012-086

10° _ '103
500 1000 1500 2000 2500
m. [GeV
M. [GeV] r(GeV]
e Test distribution: Transverse mass Mr = /2 - p% - E™s5 . (1 — cos Ag)
e Shown: Simulation of a M(W") signal for various masses
e W' mass at kinematic limit — no clear Jacobian peak, mainly virtual W
e Good agreement with Standard Model
http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale” 47
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ATLAS limit: 2011 data, 7 TeV, 4.7 fb-1

CMS limit: 2012 data, 8 TeV, 3.7 fb-!

E :I ! ! I I I I L O 104 —— 95% Observed Limit
=" i ATLAS -+- NNLO theory ‘: -------- 95% Expected Limit
”é 1 Preliminary —e— Observed limit _| o I Expected: 1o
' - Expected limit 7 at o I — ::::::::::nz::oss Section NNLO
[ Expected + 1o 7] x 10 [ ] PDF uncertainty
y Expected + 25 _ ' TR S Theoretical Cross Section for W', n=10TeV |
10 c — . Theoretical Cross Section for W', 1 = 0.05 Tev b
- g v o CMS preliminary | |
- o 102 = N.,__g\‘ C
@ = N omblned e+l 2012ﬁ
102 E “» F o o JLdt~37fb‘3
2 w o RN Vs=8Tev
B 8 q'-q. i ‘,‘; .
10_3_W’—>Iv B 3] 102
- \s=7TeV, [Ldt=4.7 b’ -
:l | 1 1 | 1 1 1 1 ATL|A§ ClolNF ?0?2|0§ [~
500 1000 1500 2000 2500 3000 N "
- = CMS PAS EXO 12 010
mW’[GeV] r|||||||||1||||||||||||||||||*r4.|
1000 1500 2000 2500 3000 3500 4000
M,/ GeV
Luminosity | Expected limit | Observed limit
ATLAS ¢ + &, 2011 47 555 TeV 555 TeV
CMS e+ p, 2012 3.7 280 TeV 285 TeV
CMS e+ w, 201142012 5.0+3.7 2.85 TeV 2.85 TeV
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Resonances in dijets
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Coe: SO b § LA i

Theory SmaII W|dth resonance, strong Ccou-
plings
e String resonances, Eg diquarks, ex-

cited quarks, axigluons, colorons, W',
Z', RS gravitons,

-
q,
ATLAS search strategy: 2 TATLAS Pr[c)elltmlnary
_ > 10° -o-Data
o > 2 jets - : — Background
e Rapidities |y1], [y2| < 2.8, 10 is=8TeV
‘y*| _ ‘ 1 (yl _y2)/2‘ < 06, - det:'IS.Ofb

ve| = |(y1 + y2)/2| < 1.1
o my=+/(E1+ E2)? — (PL + P2)?
e Smooth fit, x*/ndof = 15.5/18 10

do o Po(]_ — m/\/E)Pl
dm — (m/+/5)PatPsin(m//5)

T
|

. | ATLAS-CQNF-2012-1487]
5000 3000 4000
Mo 16:00 O Endner Reconstructed m. [GeV]

Significance
\S] o N =
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ATLAS highest mass dijet event

NN —=- Run Number: 209580, Event Number: 179229707
i Date: 2012-08-31 20:24:29 CEST

mij = 4.69 TeV
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'—ql;:".ll '| — —— |1'\-|"m|h-' LI I T -HT T T "| LI L B B B
g 10% 8 1F ATLAS Preliminary
. B —_——— q*MC12 Qﬁ N Vs =8 TeV ]
< 102 —e— Observed 95% CL upper limit T [Ldi=1301" |
X S — Expected 95% CL upper limit c 107F E
© B (e} C c./m =l
- wemm 68% and 95% bands = « 8 1
10 E o |l
AN — 102k S —0.10 _
N \\ S o = —0.07
e AN ATLAS Preliminary - % i 1
N [Ldr=13.0f0" ] 10°E .
10" N \s = 8 TeV . - E
10 g_ _E I I2|0|D|0I I I Isuo!ubl I I4|0|{}bl P R B |
3: ATLAS-CiONF-2012-148 | |\ | / MaSS, mG [Gev]
10' | 1 | | | | | 1 1 N 1 1
2000 3000 4000 5000
Mass [GeV]
New ATLAS result:
Model Expected Observed e Model independent limits
q" m > 3.09TeV | m> 3.84TeV . . .
e Assuming Gaussian signal, Mass mg,
Width og, mg/O'G = (0.07...0.15
Mo 16:00 O. Endner
http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale” 5.9
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- . e :
b .~ e -._f\_\ - Na e ¥ !
. ﬁma. " il __ cragan., g v G .

CI\/IS very S|m|Iar search strategy
o my = +/(E1+ E2)? — (P + p>)?

e Same fit function

. Fit X2/nd0f — 25-7/32 .-i-}"h. 1'} 1 I | I LI I LI L I LI | LI 1 | LI | L LI 1 I I%
—— CMS Experiment at LHC, CERN QL ®— CMS Preliminary (4.0 &) ]
C Data recorded: Sat May 26 13:25: 202012 CEST {'_5' _
Run/Event: 195016 / 425646417 S 1 Fit =
[ Lumi section: 384 -
- \ R — o -
n \ mJJ — 4 . 5 Tev "‘é"‘ o <eee--- QCD Pythia _:
A L % - Jet Energy Scale Uncertainty =
o 10 =
W {1.5 TeV) -
-3 . " . _
107 KRl E; diquark (3.5 TeV) 2
- 1 L .
; ) 10 : F:';-r :, __
- = . =
C Ns=8TeV L \\ ]
10°E ml<25 |an < 1.3 L B =
- Wide Jels mt + \\-. -
10" ~NE
T |
o 1
& o
i AE | :
2E cMs PAS E><o 12016 |

1000 1500 2000 2500 SDDD 3500 4000 4500
Dijet Mass (GeV)
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T :
= 0.25— cms simulation -
O L i _
(0] B Quark-Quark (Wide Jet) 7
e i k-Gl Wide J - 7
e 0.2 =— — Quark-Gluon (Wide Jet) ]
o [ eveeens Gluon-Gluon (Wide Jet) ]
| — . - Gluon-Gluon {Anti-k; R=0.7) [ | ]
0.15— - —
- s ’
L o _
0.1~ M, =2.0TeV | : —
B { ]
- Ml <25, |An|<1.3 | —
0.05— | —
- i g e -
- " arXiv:1107.4771 | &= ]
T R R B =
gOO 1000 1500 2000 2500

Dijet Mass (GeV)
B Specific feature:

e |f model resonance width narrow
compared to dijet mass resolution
— possible to exclude with just one
template!

e Depending on particle decay, use
qqg, gg or gg mass template

http://cern.ch/Martin.Weber

— | "._'d'l - . I | l--l ‘I T : T T I. : T -|-| T TT |_l| T | T4
-8_ N :‘ . ", == string i
— 10 \‘{u_‘ “u =wooo Excited Quark |
ct -.:\:r.‘ *- Axigluon/Coloron S
x “1‘ .-‘_"l::l, X — E‘ Diquarln T
e '!_‘ ‘,‘_ ==n g8 -
M 1y *\\ ", W =
3 = s SN “ep  mme ]
N NN “. - RS Graviton
g i N ", 7]
AL ", - |
= 107E L ' E
Q - " -
m : » N, S o {"' :
) 102 = CMS Preliminary (4.0 fb") B8 -, |
ﬁ = fs=8TeV =

o T i< 2.5, Ay <1.3 Steiee
O 103 = 95% cL Upper Limit ; \‘-\ —
= === Gluon-Gluon - *y \E

- *.

- == Quark-Gluon "‘-.,ll -
10 = === Quark-Quark CMS PAS EXO-12-016 R
:r | 1 11 | | 1 11 1 | | | | 1111 | 1 11 1 | | | | 111 1 | | TE

Resonance Mass (GeV)

Model Final State | Obs. Mass Excl. | Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.0,4.69] [1.0,4.64]
Excited Quark (Q¥) qg [1.0,3.19] [1.0,3.43]
E¢ Diquark (D) qq [1.0, 4.28] [1.0,4.12]
Axigluon (A)/Coloron (C) qq [1.0, 3.28] [1.0,3.55]
s8 Resonance (s8) gg [1.0, 2.66] [1.0,2.53]
W’ Boson (W) qq [1.0, 1.74] [1.0,1.92]
[1.97, 2.12]
Z" Boson (Z) qq [1.0, 1.60] [1.0,1.50]
RS Graviton (RSG) q9+gg [1.0, 1.36] [1.0,1.20]
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........................ Laige ED (ADD)* monojef ¥ E, ..
Large ED (ADD) : monophoton + E ... M, (6=2)
2 Large ED (ADD) : diphoton & dilepton, m_,, Mg (HLZ 5=3, NLO) ATLAS
2 UED : diphoton + E, Compact. scale R™ Preliminary
e S'/z, ED : dilepton, m, Mg ~ R
g RS1 : diphoton & dilepton, m,. ,, Graviton mass (k/Mp, = 0.1)
S RS1 : ZZ resonance, my, Graviton mass (k/M = 0.1) .
sE RS1 : WW resonance, mT_MV Graviton mass (kaPI =0.1) Ldt = {1 .0 - 130) fb
& RASD?D J_'n{gn ;24922 tés?c:ﬁeﬁnm&“m” M, (5 gs} mass fs=7,8TeV
ch. part.
ADD BH (M JMD=3) leptons + jets,Zp M., (5=6)
Quamum black hole : dijet, F (mi M, (6=6)
" gqqq contactinteracfion x(h‘?_j I A
qqll Cl : ee & pu, m . A (constructive int.)
uutt Cl : SS dilepton + jets + E miss A
............................................ 7 (SSNy . a;“.“.. seei T s Tev ITLAs-cConFa0Tzion S 2 mass
Z' (SSM} m,, |L=a7 b, 7 TeV [1210.6604] 1.4Tev Z' mass
< W' (SSM) 1my,,, [L=47 10", 7 Tev [1209.4346] 2,55 TeV. W' mass
W' (=19, g_=1) i, [L=a7 ", 7 Tev [1209.6593] 430 Gev W' mass
W'y (— tb, SSM) ‘M |L=10m", 7 Tev [1205.1018] 1.13Tev W' mass
W* imy, . |L=a7 1", 7 Tev [1209.4448] 2.42Tev W* mass
"""""""" Scalar LQ pair (B=1) - kin. vars. in eajj, evj| |Lst.0m" 7 Tev 112.4828] 660 Gev 1" gen. LQ mass
g Scalar LQ pair (f=1) : kin. vars. in ppjj, pvjj |L=1.0m", 7 Tev (1203.3172] 685 Gevd 2" gen. LQ mass
Scalar LQ pair (p=1) : Kin. vars. in t1jj, Tvjj |L=4.7 fo". 7 TeV [Preliminary] sasGev 3" gen. LQ mass
_Q ............................. 4lhgenerahon BT Pl PP ————— B © mass
S ge neration : b'b'(T T5 a)— WHWLE |47 ", 7 Tev [ATLAS-CONF-2012-130] 670 GeV b’ (Tm) mass
=] New quark b' : b’ B Zb+X, m L=2.0 fb", 7 TeV [1204.1265] 400 GeV b’ mass
g Top partner : TT — tt + A A (dilepton, MTJ L=4.7 fb”, 7 TeV [1209.4186] 483 GeV. T mass (m(A ) < 100 GeV)
- K Vector-like quark : CG,m,, |L=4.6 ™. 7 Tev [ATLAS-CONF-2012-137] 1.12Te¥ VLQ mass (charge -1/3, coupling kg = v/mg)
= Vector-like quark : NC +Myy |L=4.6 1", 7 TeV [ATLAS-CONF-2012-137] 108 Tev VLQ mass (charge 2/3, coupling ko =v/mg)
y “'EXcited quarks y-jetresonance, m * mass
e % Excited quarks : dijet resonance, n'? q" mass
L~ Excited lepton : |-y resonance, m' I* mass (A = m(l*))
"""""""""" Techni-hadrons (LSTC) : dilepton, '.-:'rfg;;“: ’ p,/o, mass (m(p /o) - m(z;) =M, )
Techni-hadrons (LSTC) : WZ resonance (vlll), m e p. mass (m(p_) = m(rm;) + my, m(a ) = 1.1m(p.))
@ Major. neulr (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
= W, (LRSM, no mixing) : 2-lep + jets W, mass (m(N) < 1.4 TeV)
o H™ (DY prod., BR(H"—lIl)=1) : SS ee (up), m H.* mass (limit at 398 GeV for uu)
H™ (DY prod., BR{H"—ep)=1) : SS eu, m H* mass
. 99.'P.r.‘.’P.‘?’.t.§9ﬁ'L?.r.. dijet resonance, 1, Scalar resonance mas
1 I I N B I 1 I I N B I

10 1 10 107
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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Summary and outlook
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ATLAS and CMS searched for phyS|cs beyond the Standard ModeI
 Great LHC, ATLAS and CMS performance in 2011 and 2012

« Many 8 TeV results available
* Constantly new 7 TeV + 8 TeV results being made public =

e SUSY results

 Searches excluding wide range of sparticle masses for different production
mechanisms

e CMSSM under tension, other (“simplified”, “natural”) models being explored

* Exotica results
* A large variety of exotic models covered

« Summary: No signs for physics beyond the Standard Model!
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LHC parton
luminosity

Gunther Dissertori,, Gigi Rolandi

 Up to now, small parton luminosity at high masses

* Large discovery potential at our fingertips
« 14 TeV
- 300/fb
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Thank you!

* For plots, notes, and additional information see
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoPublicResults
http://Incb.web.cern.ch/lhcb/Physics-Results/LHCb-Physics-Results.html

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”


http://cern.ch/Martin.Weber

Supplementary information

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”


http://cern.ch/Martin.Weber

Maximal
mixing

MSSM Higgs Mass

- ArXiv: 1112.2703 /

Xr = ‘\{gm‘f

L my, = 124126 GeV

X, =0 \
Suspect ™ No mixing
FeynHiggs

300 500 700 1000 15002000 3000
m; [GeV]

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”


http://cern.ch/Martin.Weber

115/

110

http://cern.ch/Martin.Weber

T —NUHM

— mSUGRA
VCMSSM
NMSSM

—— no scale
GMSB
AMSB

Djouadi, F. Mahmoudi, J. Quevillon

ArXiv:1112.3028: A. Arbey, M. Battaglia, A.
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