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The LHC - A Great Success

Pre-LHC: Origin of Electroweak symmetry breaking?
—> Search for the Higgs at LHC
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See Symposium “Ursprung der Masse” and plenary talk by K. Jakobs on Wednesday on the
Higgs discovery and implications
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Uﬂm Outline

Introduction

Standard Model

* QCD

* Flavour physics

* Top physics

* Electroweak gauge boson
production

Beyond the SM

* Supersymmetry

 Exotica

Disclaimer: Personal selection out
of few hundred public results;
comparable results from the other
experiment(s) for almost each
shown analysis
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The Standard Model

Particle interactions described by g
gauge groups: ;;
Uy(1) ® SU(2), ® SU(3),.
All collider data in very good
agreement with SM prediction
// - /T
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m, [GeV]
Current global fit is compatible with
Standard Model (p ~8%)

New input from my, = more precise
results (in particular for m, and my,)



Excellent performance of the machine = Large data sets collected at Zand -

8 TeV (pp)
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CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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ATLAS detector operation efficiency:
Subdetector Number of Channels | Approximate Operational Fraction
Pixels 8oM 95.0%
SCT Silicon Strips 6.3M 99.3%
TRT Transition Radiation Tracker 350 k 97.5%
LAr EM Calorimeter 170k 99.9%
Tile calorimeter 9800 98.3%
Hadronic endcap LAr calorimeter 5600 99.6%
Forward LAr calorimeter 3500 99.8%
LVL1 Calo trigger 7160 100%
LVL1 Muon RPC trigger 370k 100%
LVL1 Muon TGC trigger 320k 100%
MDT Muon Drift Tubes 350 k 99.7%
CSC Cathode Strip Chambers 31k 96.0%
RPC Barrel Muon Chambers 370k 97.1%
TGC Endcap Muon Chambers 320k 98.2%

Excellent performance of
triggers, DAQ, sub-detectors,
reconstruction, ...
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Almost every collision at LHC is QCD process

QCD - Jet Cross Sections

Significant developments in understanding of QCD in various areas:

* Matrix element generators, approximate NNLO, heavy flavour production, parton
showering, pdfs ...

Di-Jet events allow to probe QCD at highest scales:

* No resonance in di-jet mass distribution - Limits, e.g. excited quarks m . > 3.8 TeV
(95% C.L.)
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CATLAS

EXPERIMENT

Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST
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Flavour Physics

1012

More than 1012 bb/cé events

produced at LHC
LHCb (+ ATLAS & CMS) search for 1)

Otot

rare decays or asymmetries of B/D
... hadrons

e Search for CPVin Band D
systems

)
p—t
-

(@]

* Mixing in B and D systems

p—
-
w

* Measurement of y (see EV by M.
Karbach on Tue.)

* Band D decays in neutral K (EV
by M. Britsch on Thu.)

* Br(B,—pu'u)

[a—

Cross Section [pb

—
-
I

w

See HV “Summary on Flavour

LHC, V5 =8 TeV

\Z (I'=0.1-m)
zZ'

(' =0.01-m)

tt

Physics” (HV by J. Albrecht on Fri.) 10~ 610
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o A

¢

Assumed to be golden mode to measure CPV in B

(sensitive to New Physics)

M = —28, ~ —0.03 with § =

VisVig
VesV,

o (25)

Time dependent fit to various decay angles, proper
time distributions, candidate mass ...

¢s = —0.001 + 0.101(stat.) =0

.027(syst.)

Most precise measurement of ¢, but no

evidence for CP violation so far!
AT’y = 0.116 + 0.018(stat.) £ 0

Results in agreement with Standard Model
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.006(syst.) ps™*
First 50 evidence of width difference
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AT’ (ps™)
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______

E- PRL 108, 241801 (2012)

DO 8fb!
CDF  10fb™
LHCb 03 fb™
LHCb  1fb

..............
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Charm Mixing
n
D*"‘ - Doﬂ@ /’D m

DY KO wrong sign
DCS
CF K7D right sign

%107 arXiv:1211.1230
| I I I I I I I I I I I I I I I I I LI
Analysis idea: Fit ratio of wrong and right sign =7 =« Data E
events in various bins of decay time 6.5 Mixing fit =
Nyrong (1) 65 - No-mixing fit =
R(t) = & - = 3
(®) Nyight (1) 5.5F : l/
No mixing hypothesis rejected at 9.1¢ SF E
Previously excluded only by combination of 45‘ _________ Y S E
experiments 4F E
3.5 LHCh
3F : Ny Ly =

0 2 4 6 20
t/T
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Top Physics

* Inclusive and differential cross

section
e Mass measurement
* Single top
o LZ/ttW
 FCNC in t decays
7' —tt
e Charge asymmetry

 Spin correlations

DPG 2013 - Dresden

1012 LHC, /s = 8 TeV
<€ Ttot
9
10 <z — Tup
) . diJet(pr > 100 GeV)
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W *
ZO
- \ diJet(pT > 400 GeV)

Cross Section [pb]
-~ 2

1073
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See EV by

! ] M. Aldaya (Tuesday) and
7 D. Hirschbiihl (Tuesday)

The Top Quark

LHC is a “Top Factory”

Top decays before hadronization (t~5:-102°5s)

“Top physics” is “Higgs physics”

tt important background for many BSM
searches

Used physics objects: jets, electrons, muons, taus,
b-tags, MET

Single Top:
* Test of electroweak interactions (V,;)
* Sensitivity to b-pdf

* Probe for new physics (e. g. 4™ generation)

q ’ N
W t channel
‘| tW channels
) ] ol N Event display of
s channel 7 b Di-leptonic ¢t event
g t

DPG 2013 - Dresden C. Sander - Highlights from the LHC 14



- CMS Preliminary, 12.1 fo" at ¥s = 8 TeV

U+| u
Top - Cross Section CMS TOP-12-027

= 10:""I""I""I""I'"‘I"D"I""I"":

> C e/u + Jets Combined ® Data ]

. . . . 8 95_ g — MadGraph

Inclusive cross section in good agreement with SM O G EEMCGNLO

: : : : : " gg =3 --POWHEG 1

Differential cross sections in various quantities S e Approx. NNLO ]

6F (arXiv:1205.3453) 3

» Test of perturbative QCD st /| by E

- Good agreement of data and simulation! = E

3 R

Single Top: first measurement of tW channel N E
e CMS: owt = 16J_r4 pb %"50""100 150200250 3(|JO 350 400

e SM: owt = 15.6 £ 0.4(scale)ﬂ:g(pdf) pb p.. [GeV]

— T | T | T | T | T | T | T | T | T Ly C LI L L B | L .l T | L | | LN I I N L R B B LI L B | 1]
'& ~ATLAS Preliminary Single top production ] ﬁ T --NLOQCD (pp) ¢ Single Lepton (8 TeV) 241 32 pb .
- _ - i ' | ¥ Single Lepton (7 TeV) 179+ 12 pb
© f L dt=(0.70-2.05) b’ fchannel | © SApprox. NNLO BB)  pieion 173 7 i
b w102 _| - -"NLOQCD (PP)  ( Ajl-hadronic 167 =81 pb
= 3 102 | _—Approx. NNLO (pp) ® Combined 177 *\pb |
B Wit-channel 7 - ®CDF 5
t ¢ - - ¢Do ]
| =Theory (approx. NNLO) | B ]
I stat. uncertainty L i
t 10 =
g s-channel ] 10 :
b w §t-channel, arXiv:1205.3130 - C 7 ]
§ Wt-channel, arXiv:1205.5764 7 i o ]
b I s-channel, ATLAS-CONF-2011-118 - 7 ATLAS Preliminary 1
] v95% CL limit a
P IR AT RUR NI RN R T
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CM energy [TeV] Vs [TeV]
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Top - Mass

Important input to Higgs physics, SM vacuum stability, ...

Accurate measurement using “Ideogram method”:

* Combine reconstruction of ¢+ by kinematic fit with scan of

top mass and jet energy scale of light quark jets

my = 173.49 £+ 0.43(stat. + JES) 4+ 0.98(syst.) GeV

e Dominant uncertainties:

* Color reconnection (0.54 GeV)

* b-jet energy scale (0.61 GeV)

- LHC experiments reach Tevatron accuracy!

Reduction of systematic uncertainties will be big challenge K

for future

DPG 2013 - Dresden

/\b

CMS Preliminary

JHEP 12 (2012) 105

CMS \f— 7TeV f+|ets

- T T I T T T
%J F D f unmatched - Zsfets .
(O] 1200 [ [ ttwrong ] W+jets ]
Y] r - ft correct [ single top
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ATLAS My, summary - July 2012, le =35pb'-4.7 fo” ("Preliminary)
ATLAS 2010, l+jets*

e —————i—t 169.3+4.0+£49
CONF-2011-033, L‘m—35pb
ATLAS 2011, I+jets — it
Eur. Phys. J. C72 (2012) 2046, Lm:104|b" 1745 i 06 i 23
ATLAS 2011, all jets* et @t
CONF-2012-030, L, =205m" 174.9+2.1+£3.8
ATLAS 2011, dilepton* ——e—t—t 1752416+ 3.0

CONF-2012-082, L"l =471’
+ (stat) + (syst)
Tevatron Average July 2011 -
1732+ 0.6+ 0.8
ATLAS Preliminary
| I I

| |
150 160 170 180

CMS 2010 dilepton
JHEP 07 (2011) (L=36 pb )

190
My [GEV]

D ——— —

CMS 2010 Ieptonﬂets 173 1+21+£27
PAS-TOP-10-009 (L=36 pb val. + stat. + syst)
CMS 2011 dilepton % 172.5+ 0. 4+ 1.5
arXiv:1200.2393 (L=5.0/fb) (val. % stat. + syst)
CMS 2011 lepton+jets ° 1735+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. £ stat. + syst)
CMS 2011 all-jets = 1735+07+13
PAS-TOP-11-017 (L=3 54/ib) (val. £ stat + syst)
CMS comblnatlon e 173.4+04+0.9

up to L=5.0/ (val. + stat. + syst)
Tevatron 2012 combination 1 1732+ 0.6+0.8
arXiv:1207.1069v2 up to 5.8/ (val. £ stat.  syst)

CMS combined resu
| | | | | |
160 165 170 175 180 185
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Electroweak Physics

« W/ Z mass

1012 LHC, /s =

<€ Otot

* [nclusive and differential cross

sections
e W charge asymmetry
* W polarization

DY forward backward
asymmetry

* I/+jets
- WW /) ZZ
« VVV

s WWWW

DPG 2013 - Dresden
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Events / 1.0 GeV/c?
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W / Z Production

Clean signatures = Demonstration of excellent detector performance

Precision tests of SM

q g
q
g
B l
q /74 v

Sensitivity to proton structure: W charge asymmetry (in particular LHCb at large |n|)

Break through in theory: V+jets accurately modelled by matrix element generators
(MadGraph, ALPGEN, ...) = Precision tests of pQCD

CMS SMP-12-011 c¢wmS Preliminary
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#4 e E
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120
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Lepton charge asymmetry

) =

do Jdn(W+ = 1Fv) — do/dn(W— = 1=v)

da/dn(W+ — l+u) +do/dn(W— = 1-v)
03-\s=7TeV s ATLAS+CMS+LHCh
x Preliminary ]

—

0.1 5 5 20 GeV

T ]
of- -
L o« ATLAS (extrapolated data, W — Iv) 35 pb™ ]
-0.1— & CMS (W- pv)36pb’ —
F m  LHCb (W= pv) 36 pb" .
02 ; MSTWO08 prediction (MC@NLO, 90% C.L.) ]
F CTEQ66 prediction (MC@NLO, 90% C.L.) ]
03F W HERA1 0 predlctlon (MC@NLO 90% C. L) ]
Vo e L s Lo s L e s s L Ly | IFEETEr B
0 0.5 1 1 .5 2 2.5 3 3.5 4

0y i+ = 1.12 £ 0.015a¢ £ 0.024yst £ 0.05m; nb
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o(W + >N, jets) [pb]

Theory/Data

PRD 85 (2012) 092002

T T
Wiy + jets
< Data 2010,\'s=7 TeV
¥ ALPGEN
A SHERPA
= PYTHIA
BLACKHAT-SHERPA

g ATLAS
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10*

I

10°
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T I|||JII|

10?
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o
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Ll

ILdt=36 pb™
anti-k; jets, R=0.4
p'>20 GeV, |y'|<4.4
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|II|
)

Inclusive Jet Multiplicity,N.

jet
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. Di-Boson Productlon ww / 7z

Vi Vi
s channel

* Test of SU(2) structure
* Background for BSM searches

TGC vertex t Ch .

q Voo g Va

 Sensitive to New Physics: Triple Gauge Couplings

(TGC, in SM: WWy and WWZ only) R AN
o - -»- DATA E
Example: ZZ cross section sensitive to ZZZ and ZZy & ol B weze s
2
P22 S [ | arXiv:1301.4698]
gZZVFZZV _ QT (’Lf4 (Pa 035, + PB ez’ i vaeuoéﬁp(ql — q2) ) H)
10 .
No significant deviation = Limits on f;" (CP conserving) : L \ { ;
and f," (CP violating) parameters (=0 in SM) L M b
. . . 200 400 600 800
Improved limits by ~1 magnitude compared to LEP/ M. [GeV]
Tevatron .| arXivi1211.6096 i
Outlook: W final state sensitive to WW scattering AT i
q 4 fs|  — ous is-7rev sronns _i_ SELLLELLD
W | : l
Y I LSSV e
W e . -
fy S ITLT T IT N
q q e e b by b by [T

-1 -08 -06 -04 -02 O 02 04
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See HV by
M. Schott (Monday)

CMS

o) = é | =
Qo i W § | $  7TeV CMS measurement (stat@syst)J
10° : i . . 7 i @ 8TeV CMS measurement (stat@sys£
bQ = | —— 7 TeV Theory prediction =
o : —— -
I oy o : —— 8 TeV Theory prediction ]
- 2, S
cC 10*'E rm- 1] pQCDY —
'-g = I 22] ~ a i 3
3 . E 5 : : |
D 1'% W = Hwy o B® SU(Z)L:. =
% =l = oy gy 13
8 102 B : 24j: 5" : —— WWAWZ \WW ]
= i >4l —— % : HE
s [ i | Wz s
— B I jet l| Y : — 7 : ]
S 1oL EX > 30 Gev N E/>15Gev | ; i
= = { jet l‘ ! :—EE—_!_i 3
-8 = N In™ <24 ,,: \AR(Y )>0.7 ! . : 4"1 3
— —— I I -
Al [ : : P
1E p | 4 150" 491’ 4 497 3
= 36,19 pb . 50f" a5t 1107 fgpl 3
JHEP10(2011)132 CMS EWK-11-009 CMS-PAS-EWK-11-010 (W2)
JHEP01(2012)010 CMS-PAS-SMP-12-005 (WW7),
CMS-PAS-SMP-12-011 (W/Z8 TeV) 007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)
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Physics Beyond the SM

New Physics expected at TeV scale

* “Fine tuning” problem
-> SUSY / Technicolour ...

* Hierarchy problem

-> Large Extra Dimensions / S

e Dark Matter
-> SUSY / Extra Dimensions ...

* Unification of gauge couplings

- Supersymmetry / Leptoquarks ...

Best place to search = LHC

DPG 2013 - Dresden

Usy ...

C. Sander - Highlights from the LHC
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Supersymmetry
it (e« v

Last possible extension of Poincare group: Symmetry between fermions and bosons

Each SM particle gets SUSY partner ¢
Solve “Fine Tuning” by opposite sign SUSY contributions ""ﬁ"}hQ}ﬁ'ﬁ""
No SUSY particle discovered - SUSY is broken (heavy particles) . _
Conserved quantum number R parity: R = (—1)3(B-L)+25 {Lﬁ])
—> SUSY particles are only produced in pairs or associated
-> Lightest SUSY particle (LSP) is stable - DM candidate L / i
1
Standard particles SUSY particles
9@ 2@
~ V. ~ U ~0
(s ] Higgs d S b ’ g ' Hiossio \’ X 1,234
o Y Y Y- Neutralmos
Voo Vi Vo Z
. Q. O W, Xl 2
e T W \_/
-\ - Charginos
Quarks O Leptons o Force particles Squarks | Sleptons .| SUSY force particles
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UH
Supersymmetry

12 _
* Inclusive searches: Squarks / 10 < LHC, V/s =8 TeV
: . Tto
gluinos or charginos / ot
neutralinos 10° - N
* Mass edges b
* Searches for 34 generation ) , diJet(pr > 100 GeV)
superpartners (e. g. “natural Elo
SU SY") :’ ‘H-"’ +
: S 0 .
» Searches with photons, taus, Zs, e 10° R4 , diJet(pr > 400 GeV)
O tt,
i’ "y
* RPV searches 2 o
—
» Long living NLSPs (heavy stable © 1
charged particles) Z' (0 =01-m)
¢ 10-3 Z" (T =0.01-m)
10—6 RN R
10 100

Scale / Mass [GeV]
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Supersymmetry - Search Strategy

Many different breaking scenarios: cMSSM, GMSB, AMSB ... = Plethora of SUSY models
R-Parity conserved SUSY:

 If ¢ and g not much heavier than other sparticles = Strong production dominates

* (Long) decay chains down to LSP

» LSP stable - Missing transverse energy

Realized final states very model dependent

Past: Interpretation in specific SUSY breaking models

Present: Interpretation mostly in simplified models
(decay topologies)

- As model independent as possible

DPG 2013 - Dresden C. Sander - Highlights from the LHC 24



Supersymmetry - Fully Hadronic

ATLAS-CONF-2012-109

> ,""N"""""'.'.I""I'"I"“V\""I':
In many models: Fully hadronic final stateshave & ¢ ATLAS Preliminary £L dt=5.815' ]
o L SRD - 5 jets e Data 2012 (s = 8 TeV) _
largeSt BR 2 102 :SRAA+T§:)€(I1 600,400,0,10) |
. P c Multijet E
Final state: jets + MET or meg = E lpr| + BT 5 | ;gvifj%gg'emp 1
B +]ets 7
jets ® B -Ditl)oson .
109 E
No excess = Strong limits on 15t and 2™d - 3 ]
generation squark and gluinos in various i l !
. . O 1 ‘ 'S, —
simplified models : Ll E
§§production;§—>qq)~(? C . . F]TI- -LILL oo lepaJad
I e L M I R g uFe -
é 1400 — ATLAS Preliminary ZI Opserved fmit (+165) ] S : + i
oE1>51 200 idet=5.8 15" {s=8 TeV £ - - Expected limit (+10,,,) _: '<QT: _0§ ; | * +481 ‘ - : -5
[ 0O-lepton combined Observed limit (4.7 fb™, 7 TeV) 0 500 1000 1500 2000 2500 3000 3500 4000
1000 - = m(incl.) [GeV]
n ] o =-—
800 — -
600 [— - S
400 :_ ....................................... —: LSI)
200 [ .\ - LSP
: 1 1 1 | 1 1 1 | 1 L L | - 1 L | 11 ::\l' | A‘”‘l L Il ] 1 :
200 400 600 800 1000 1200 1400

m; [GeV]

m§¢
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- Production "

If § and § much heavier than ¥°, ¥

- Direct chargino and/or neutralino production
Leptonic decay modes provide clean signature:

* Many leptons (up to 4) + MET

* Possible opposite sign same flavour pairs with m;; = m,
* Small jet activity

No excess = Limits

95% CL upper limit onc [fb]

CMS SUS-12-022 CMS Preliminary ls=8TeV,L_=9.2fb"
> T T T T I T T T T l T T T T l T T T T I T T T T 3 r— — r | — | —— ' — T | —TTT | T
[0) CMS Preliminary . ] > B 705+ 95% C.L. CLs NLO Exclusions _|
¢ 10° 5=8TeV,L_=9.21b" -:':ts E 8 r PPty Ml Observed 2/2j+31 £ 16" "]
= ee/uy events 1 ] = 200k Zzo N HikEe Expecteded 2/2j +3] + 16 _
— 103 |:| Flavor Symmetric = s C 1 - = Observed 3/ only 7]
@ I wzszz ] = - 7(:—>W7~(? === Observed 2/2j only 1 410°
% 102 [ Rare sm E 150 B E
) E . ]
10 < C 7
E 100 &V g ]
1 C
50 1
10" - T | ‘ 10°
10—2 ?....l..‘..l..-.l..i.-l.l.
0 50 100 150 200 250 00 150 200 250 300 350 400
ET® [GeV] mf=mzzo [GeV]
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nght sTaus é arXivi1301.3792

T T T T T I T T T | T T T
(b) CMS, 498 b, (s =7 TeV
e Data

Events/GeV

Relic density Qpyh? ~ 0.12
e Either sufficient annihilation: XoXo — f f
e Or co-annihilation: X0T1 — T7

Genuine-Tau Est.
€, B Mis. id. Est.
’*/*, ’f’ %, Total uncertainty

s

In cMSSM: T is often lightest sfermion

Cosmologically favoured region: X0 ~ T1

Data/Bkg

—> Chargino/neutralino decay dominantly via 7 7600

—> Copious production of taus in decay chains K [GeV]
- Search for final states with Jets + 7 + MET

No excess observed - Strong exclusion in “co-
annihilation region”

CMS, 4981b Ns=7TeV
—— Obs. Limit

—— Exp. Limit

I Exp.+ 1o
. Obs. * 1o (theory)

~0 ~0
X2 1 X1

tan(p)-40 ~t
A, =-500 GeV DLEPZ I

G koo LEP2 7+
- m, = 173.2 GeV| Xy

mig)= 1000

IIIIIIIlIIlllIIIlIIIllllllllllllllllllllll

“Second” T could be soft if AM (7, )2(1)) <5 GeV 1007300 400 500 600 700 800 900 1000
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Supersymmetry-Higgs Interplay

Arbey, Battaglia, Djouadi, Mahmoudi, Quevillon

Implications of 125 GeV nggS arXiv:1112.3028

A140_' TTTTTTaT L LINLENLENLE (L L L LR B L AL B EL I LN

* Either stops are heavy (>>1 TeV) = Tension to S .. E

“naturalness” (= some amount of fine tuning) = b -

2 2 2 2 e R

MZ (de+Ed) B (mHu+Eu) tan 6 2 120f- ","’v.lﬁ"“':‘.e "“.':':‘ g B

— T ;e el PR -

2 tan2 5 —1 a 1152—_':5"',:' 2 -.'.’"f'i‘,t . -.«?@ % *_;

Radiative EWSB WEd e =

s b MM, <3 Tev. " L AR - =

* or large stop mass splitting (“Maximal mixing”) 100;.‘.,—}:3 ATeVe i o

-4 -3 -2 -1 0 1 2 3 4

- Stop quarks can be much lighter than 15t and Stop mass splitting s
2"d generation squarks! B SN\ VUM I R

o, [pb]: pp — SUSY 1

tot!

Challenge: Small production cross section
(compared to light squark production)

A

VS=8TeV |

mg<m§

A S

: 3 N Y
P, e - === X 10 1200 1400 16(
mavcragc [GCV]
; Prospino
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Direct Stop - Summary

P2 _____ -0

7 ————— X

T, production ¢ 1s:December 2012
'S‘ LA L L I L I L L L I L L L L L L LY O ,' ,' L | T T 1 | T T 1 | T T 1 I T T 71 I T
® 500 L ATLAS Preliminary L, =13f7(s=8TeV L =47 " y5=7 TeV N
O] L = ’f;_, t7° 1L ATLAS-CONF-2012-166 0L [1208.1447], 1L [1208.2500], 2L [1209.4186] i
= - | — Observed limits Lnlf =)l(ﬁ’.(n +5 GeV OL ATLAS-CONF-2013-001 - i
T IR Observed limits (-1o,,.,) = 1, D+§, m.= 106 GeV - 2L [1208.4305], 1-2L [1209.2102] ]
E — — - Expected limits et b+ﬁ, m _ =150 GeV 1L ATLAS-CONF-2012-166
i f,—=b " =my - 10 GEV  2LATLAS-CONF-2012-167 - N
o D, M. =M
400 — = t—= b+x1, mx% =2x mi.; 1L ATLAS-CONF-2012-166 1-2L[1209.2102] ]
L 'f1 . b ~* W(r) -0 f;—> ti? -
300 — -
- A\ -
L R _
- \
]
L : |
- M= M+ 5GeV: |, .
L Ly =128 0" H _
l’ —
% X 1
100 | S - = A - e ' i
: b —
, _
{ / -
0 NI N i T !

200 300 400 500 600 200 300 400 500 | 600

—-
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UH
+ 42
Bl"(BS — uu ) . PRI, 110, 021801 (2013)

] LHCb
10 67 '(7TeV) +1.1 f6'8TeV) 7
BDT>08 —

Very rare process (FCNC and helicity suppressed)
SM prediction:

Candidates / (50 MeV/c?)
o ot N w +~ (9] N ~ (]

Br(Bs — ptp”) = (3.54+0.30) - 1077

Measurement: LHCb reported last November first
evidence for observation of this final state

Br(Bs — pp7) = (3.2473) 107"

Some extensions of the SM (e.g. SUSY) predict large
contributions

These models are now under pressure!!!

If stop mass splitting is small > Dominant SUSY
contributions can get small

But: Small splitting disfavoured by natural SUSY
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Inclusive searches

3rd gen. sq.

3rd gen. squarks

Long-lived

RPV

WIMP interaction (D5,

GMSB (TNLSP) : 1-27 +

T,miss

MSUGRAICMSSM 1lep+js+E
Pheno model : 0 lep + j's +E

Pheno model Olep+js+E

Gluino med. ,( (g—aqﬁx J:llep+js+E
GMSB (l NLSP): 2le 8 SOS) +is+E
lep +J's + E

GGM (bino NLSP) : vy + g™

GGM (wino NLSP) : v + lep +E

GGM (higgsino-bino NLSP) :y + b + g’ T mise
GGM (higgsino NLSP) : Z + jets + E, ..
0Gra‘\‘(‘l‘t‘l‘no LSP : 'monojet' + E
g—)bb;@1 (virtualb) : O lep + 3 b-j's + E
g—;tt,( (vnrtyalt) 21ep (SS) +js+Ey .
—)tt;(1 (wrlualt) lep+j's+E; e
g—m,(_‘_gwrtual t) 0lep + multi-'s +E; ...

T miss
T miss
T miss
T miss

T,miss

T miss

- Tamiss:

T.miss

0 lep + 2-b-jets + E
_b b—)t- :3lep+js+E,

tt (light), t—)kM 1/2 Iep (+ b-jet) + E
it (medium), t—)b,( 1 Iep + b-jet + E
tt (mednum%, t—)bx :2lep+E
t—)t,( 1 lep + b-]et +E

bb, b —)b7(1

T miss

T.miss
T miss
T miss

ILIL, I—)I,{ 12 Iep +E,

SV(V)=vE :2lep + E

% Zox—)xi‘l_\;ll’l(\wi I\),'I '§V§é 3 Ieg +E
e x WA lep + E, T.miss
Direct . pair prod. (AMSB) long-lived s
Stable g_R -hadrons : low B, By (full detectors
Stable t R-hadrons : low B, By (full detector)
GMSB : stable T

Tm-ss
T,miss
T.mis

CLFV: pp—)v +X,V,—e+|L resonance

LFV : pp—v. +X, V. —)e(p)+~c resonance
Blllnear RPV CMéSM 1lep+7js+E

v Z,;.Z —>Wx x —eev,.euv, cdlep+E
1~ M

ILIL,IL—)I,( ,( —eev, e},w :dlep+E

....... 9—> qqq

Scalar gluon : 2-jet resonance pair
irac ,() 'monojet’ +E

T, miss
T miss

T,miss

T.miss

- | | 1 I I T 1T
L=581b", 8 TeV [Aruscom-mm‘m

 |L=12.8 1", 8 Tev (ATLAS-CONF-2012-145)

gty _(vnrtuay) Olep+3b-j's +E; ...

3-jef resonance pair _

ATLAS SUSY Searches*

95% CL Lower Limits (Status: Dec 2012)

1507eV’. q=gmass
1.24 TeV q gmass
1.18 TeV g mass {m(@) < 2 TeV, light %,

L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-104]
=58 fb”, 8 TeV [ATLAS-CONF-2012-109]
=58 fb”, 8 TeV [ATLAS-CONF-2012-109]

g mass' {tang < 15)
gmass (tang > 20)
0 g mass (m(f‘:) > 50 GeV)
g mass
g mass (rn(x ) > 220 GaV)
690 GeV 9; mass (m{H) > 200 GaV)
645Gev F scale {(m(G) > 10 ‘ev)
124 Tev g mass (" ) < 200 GaV)
850 GeV g mass (mi’) < 300 GaV)
860GeV g mass {mix )< 300 GaV)
100Tev g mass (m(,{ )< 300 GaV)
145Tev. G mass (mu ) < 200 GaV)
620 GeV b mass (mu )< 120 GaV)
_ 405Gev b mass (miz,)= 2mu ]
t mass (m(‘_ )= 55 GeV)
160-350 GeV tmass (mu )= OGeV mit |)= 150 Gev)
160-440 GeV tmass (m(x )= OGeV mm mix )= 10Gev)
230-560 GeV_ tmass (m([ =0
230-465 GeV tmass (m([ = 0

L=5.8fb”, 8 TeV [ATLAS-CONF-2012-152)
L=10.5b”, 8 TeV [ATLAS-CONF-2012-147]

L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-105)
L=13.0 b, 8 TeV [ATLAS-CONF-2012-151]
L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-103)
L=12.8 b”, 8 TeV [ATLAS-CONF-2012-145)
L=12.8 fb”, 8 TeV [ATLAS-CONF-2012-165]
L=13.0b”, 8 TeV [ATLAS-CONF-2012-151)

L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-166)
L=13.0fb™, 8 TeV [ATLAS-CONF-2012-167)
L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-166)
L=4.7 fb”, 7 TeV [1208.1447,1208.2500,1209.4186)

“— tmass (115 <mfi" )<230GeV)

L=4.7 fb”, 7 TeV [1208.2884)
L=4.7 fb”, 7 TeV [1208.2884)

[EsH85GeV | mass (m(,() 0)
| 110-340 GeV ,( mass (m(z )<‘IDGeVm(Iv) -(mu )fm(x "
mGov i mass
140-295 GeV ,( mass
7 mass

L=13.0 b, 8 TeV [ATLAS-CONF-2012-154]
L=13.0fb™, 8 TeV [ATLAS-CONF-2012-154]

(1< )< 10 ns)

g mass

t mass

Tmass (5<tanp <20)

qmass (0.3<10° <y, < 1.5¢107,

V. Mmass (4,010, 4,

v mass (33,010, 2, =
q= g mass {eT, 4o < 1 mm)

700 GeV Zi mass  (miz" ,)> 300 Gev Ay

L=13.0fb”, 8 TeV [ATLAS-CONF-2012-153]
L=13.0fb”, 8 TeV [ATLAS-CONF-2012-153]

|=ssm’ 7reviiztossty  6e8Gev gmass

L=4.61b", 7 TeV [1210.4826] PG0EEREEW sgluon Mass (incl. limit from 1110.2693)

L=1051b", snvurus-com-mz- 47) 704Gev. M* fcale {m,
| [ | I N A

1.3‘1"\! q mass (m(@) <2Tev, I»ghtz )
g mass (m(x ) < 200 GaV, m({x") = —(mu J+m(@)

10k 2
430Gev | mass_ {m(z;) > 100 GeV, m(g)-m(L)-m(l‘) hopgy OF A,

< 80 GeV, limit of < 687 GeV for
|

o ATLAS

Preliminary

_[Ldt =(2.1-13.0) b
fs=7,8TeV

8 TeV results

(m(Z J m(‘ ). m(z ) 0, m(Iv)as above)
{mix ) rn(l ), rn(x )=0, sleplons decoupled)

1 mm < ct < 1 m,J decoupled)

1,=0.05)

=0. 05)

>0)

22>0)

TB) | 1 11

10" 1

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1c theoretical signal cross section uncertainty.
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Natural SUSY under Pressure

(In-) directDM -
searches A

o F e
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UH .
Exotica
| g |

12 _

e Extra dimensions 10 ) LHC, /s =8 TeV
Otot

e Black holes

 Dark Matter 10” N -

* Leptoquarks
i diJet(pr > 100 GeV)

* Heavy RH neutrinos "Eloﬁ
 Stopped gluinos / R-hadrons = wE
) ) 0

W' /Z % 103 Wz \ diJet(pr > 400 GeV)
« 4th generation B - "

: swz
« Technicolour z "W

—
« Excited quarks o 1
 Contact interactions Z' (I'=0.1-m)
- 5 P

10—6 e — .H (I(Z . [ |
10 100 1000

Scale / Mass [GeV]
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Dark Matter Searches

Directly produced DM particles not detectable = High p; initial state

radiation (ISR) = Signature: “mono-jets” or “mono-photons”

No excess = Limits on interaction cross section of DM with nucleons

Very strong limits for:

* Low masses DM particles

1 0-41

1 0—43

Indirect searches:

x>©< >

X fou

Direct detection:

Collider searches:

-
o
L

10

= - fSM X
* Spin-dependent cross section
Direct detection experiments for spin-independent cross section for large X
WIMP masses superior ISR
> 10T IE:fj AL B ﬁ; 107 APV LARLL SRR i; 10 I LB R AL DAL
CMS Z—svv CMS MonoJet CMS CMS MonoJet CMS
8 5=7TeV ] woh % 10% -:?D‘: ;:)c:r;oPhoton E_7Tev % 0% :gnon: ;:ZoPhoton TR
0 10* I « a) k=] -~ XENON.100 ILdt:S.Ofb" S SIMPLE 2010 ILdt=s.om“
N J-Ldt:sofb1 CJaoco S 10% CoGeNT 2011 o 10%® CDMSII 2011
-S\Q = zom (% - CDMSII 2011 . C% - _"gfp%fi%gf&,
q‘:) 103 : :E:i-m&v‘m-mev g 10 CDMSII 2010 — g 10
> —— ADDM=2TeV,5=3 O 10 O 10%
(AN] c c
3 8
g g
z z
= =

DPG 2013 - Dresden

P T | [ i i | L
400 500 600 700 800 900 1000

EMss [GeV]

a) Spin Independent
10 Ll el

Ll
107 1 10

JHEP 09 (2012) 094

102
M, [GeV

PRL 108, 261803 (2012)

10°

/c?
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b) Spin Dependent

10-45 Lol Lol Lol Lo aag
10 1 10 10? 10°
M, [GeV/c?]
34



Many SM extensions (universal extra dimensions, sequential SM, ...) predict heavy
“copies” of the weak gauge bosons

Clean signatures, small backgrounds, no deviation from SM prediction:
* my, <296 TeV (95% C.L.)

* my, <3.35TeV (95% C.L.)
CMS EXO-12-060

7 ATLAS-CONF-2012-129 CMS Preliminary [Ldt=20fb" Y{s=8Tev
Q 10_{1] T T T LI B B T E>1O7||||||||||||||||||||||
= o = ) Suv
§ 10°E ATLAS Preliminary ~ « Data2012 (D, gf —— W ~uvM=zstocev Qwoue [oco
L Z' — ee Search Oz 3 - -
10° 8 P [JDiboson = ;1 0° E —— W' - v M=500 Gev Itt)fsmg]e tOPDW -
] Ldt=5.9fb ) =
4 .tt 10 IDY—WM IDY—)‘n
10" , = O
- \s=8TeV [JDilet & W+Jets 3 7310°t _
103 I:IZ,“ 500 GeV) E: 102 Ileoson * data
102 - | 1Z(2000 GeV) E; 108
10 o 1
= -1
1 E 10-2
(o E 107 g Al
= 10° |
20 | 1 I 1 | ] oo L |
10 100 200 300 1000 2000 500 1000 1500 2000 2500

M, [GeV]
Mee [GeV]
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Top-Antitop Resonances

Some new physics models predict highly boosted top-quarks,
e.g. Z//gKK — tt

E

top ~

= 500 GeV - Decay products merged to one jet

-> Search for jets with sub-structure (“top-tagging”) and
jet mass near m,,
So far no excess in resonant ¢t

Techniques important for future as heavier exotic
particles lead to boosted decay products!

]HEP 01 (2013) 116

(o]
O
—y
[=]

> [TTTT l TTTT I TTTT I TTTT I rTTT | TTTT I TTTT l TTTT I_ S F T I E
3 80_ ATLAS pe= > 500 GV o —e— Obs. 95% GL upper limit ]
wn —] \
- col = e Exp. 95% CL upper limit
i J- Ldt=4.7f" pre>450 GeV E 1 Exp. 10 uncertainty
g (s=7TeV Iml’e“"‘l m,, | < 50 GeV ¥ Exp. 26 uncertainty
“ 60 = 2 B KK gluon (LO)
o 1
50 + -«-Data2011 1 x E
1 — Combined Fit ©

—f
= Multijet i
Fs=7TeV

10-1 :_-[ L dt = 4.7 fb.
- ATLAS Top Template Tagger

. e o
£ ._.d\ o prerererd Lo Lnohrer e o LA T e PRI B |

50 100 150 200 250 300 350 400 1 1.2 1 4 . 1 6 1 8 2
Leading Jet Mass [GeV]
Gk Mass [TeV]
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See EV by
E. Kuutmann (Thursday)

W-qq

Low p top

High p, top
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See HV by Martin Wessels

Exotica - Summary (Thuesday) and EV by

A. Perieanu (Tuesday)

Z’SSM I b’ = tW, (3I, 2I) + b-jet
Z' SSM tau tau ' b/t degene
Z', ttbar, hadronic, width=1.2% q.bn ki
Z', dijet b'= tW, |+iets 41,h
Z, tibar, lep+jet, width=1.2% B’ = bZ (100%) -
Z'SSM I }
mz o 2(100%) Generation

G, ttbar, hadronic
G jet+MET kM = 0.2

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

GywkM=01
G, Z(InZ(qq), kM=0.1
w‘:;' v gluino, Stopped Gluino
w _,':,t stop, HSCP
- stop, Stopped Gluino
W= WZ(leptonic;
WR' — tg stau, HSCP, GMSB
WR, MNR=MWR/2 hyper-K, hyper-p=1.2 TeV
WKK p =10 TeV fractional charge, q=2/3e
pTC, nTC > 700 GeV fractional charge, q=1/3e
String Ball M, MD=2.1, Ms=1.7, gs=0.4 multiple charge, q=2e
String Resonances (qQg) multiple charge, q=3e
s8 Resonance (gg) neutralino, ctau=25cm, ECAL time
s8 Resonance (gg/bb), fob=1
E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV LQ1, B=05
0 1 2 3 4 5 6 LQ1, B=1.0
. P
e LQ3, (bbnunu) Br(LQ — bvt) =1
fl’ (@ LQ3, (btau) B=1.0
q*, dijet pair stop (btau)
q*, boosted Z
enh=zTey Compositeness
p, A=2TeV P

o 1 2 3 4 5 6
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UH .
Conclusion

* Collider and experiments are performing beyond expectation = Golden
Era for particle physics

* LHC experiments have delivered ...
 one of the most important discoveries in particle physics,
 precise Standard Model measurements, and

* searches for New Physics.

* So far, no significant deviation from SM observed > Worlds best limits on
almost all New Physics models

« Many more ATLAS, CMS, and LHCb results available and more to come
from Run 1 dataset = Visit the public result pages
* https://twiki.cern.ch /twiki/bin/view/AtlasPublic
* https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
* http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/index.php
* LHC has entered first long shutdown ... to be continued at 13/14 TeV
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ATLAS Detector

nepr-»

A\ % & :
e ‘.‘ " Tile calorimeters

- ‘ LAr hadronic end-cap and
| forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Weigh t: 7000 t Muon chambers Solenoid magnet | Transition radiatfion fracker
Semiconductor tracker
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SILICON TRACKER CMS
Pixels (100 x 150 um?)
CMS Detector ™.

Microstrips (80-180um)
~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC

CALORIMETER (ECAL)
~76k scintillating PbWO, crystals

PRESHOWER
Silicon strips
~16m? ~137k channels

~13000 tonnes
SUPERCONDUCTING 9 ‘
SOLENOID “
Niobium-titanium coil /\
carrying ~18000 A Iy \ FORWARD
& CALORIMETER
Steel + quartz fibres
_ HADRON CALORIMETER (HCAL) ASCIENEE
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :3.8T



LHCb Detector e

Electromagnetic
Calorimeter

Special detector design for
flavour (low p) physics

RICH-2
Hadronic
Calorimeter

Magnet
\

Muon System

| 4

RICH-1

— 1

= — I
s W
)\

<
ey
—
@)
AL_

Size: 10/13 m x 21 m _
Weight: 6.200 t Tracking
System
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Flavour Physics
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Validity of the SM

If dim=>5 operators present = assume SM is effective theory below cut-off energy A

Gedankenexperiment: Check consistency of SM at high energies by calculating
amplitude of Higgs scattering hh = hh dNQ) 1

_ 2 2 4
Energy dependent Higgs self interaction A dlogQ ~ 1672 (2407 + 122y — 6y;) + - ..

* If dA(Q)/dQ > 0 = A can reach values where perturbative calculation breaks down
- A, (perturbativity bound) o 350

. If dA(Q)/dQ>0> Acanreach &
negative values, in which the =
electroweak vacuum is only local
minimum > A_ (stability bound)

- Perturbativity bound

[ ] Stability bound

[] Finite-T metastability bound
I Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors

300

250
Relating self coupling with Higgs mass

My, = \/2M(Q ~ Mp)v 200
Show validity of SM (at A) versus M,

Tevatron exclusion at >95% CL

Only in Higgs mass range between °[ B

— LEP exclusion =

130-170 GeV the SM is valid up to the |[aes%c. ___———

W a7 [ [ [
Planck scale 100, 6 8 10 12 14 16 18
Iogw(AI GeV)
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Light sTops - Direct Production

mj < mg -2 Direct stop production

Signature: ¢t + MET

Challenge: dominant background (¢t )

has also genuine MET
Leptonic and hadronic searches:

No excess above SM expectation

Different decay topology for: m; < my

DPG 2013 - Dresden

95% exclusion limits for T — t7°; m(g,d)>>m()

~

LSP mass [GeV

600

500

400

300

200

100

[ 1 | 1 | 1

|

1

|

1

|

S T R R R R N R R NN RN R R
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-1
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Light sTops - Gluino Induced Production

mg ~ Mg = “Gluino induced” production

Signature: ¢ttt + MET
- Up to 12 jets; 4 b-tags; MET

Small backgrounds!

DPG 2013 - Dresden

m_sp (GeV)

CMS SUS-12-024 o

[GeV]

m_o

ATLAS-CONF-2013-007 &

CMS Preliminary, 19.4 fo", Vs = 8 TeV

600 <LI 1T ‘ LI | L ‘ T T 107 | T 1T | TTTT ‘ TTT \4» :
500~ ' -
400(— -
- ; 1
300 — 3 - -
N : i
N " i
¥ 4 4 -
- L} - =
200 — . T 0 b ! - 7
- Ppo§EgotIT L g 1 2
B : ) I
- NLO-NLL exclusions ; -
100—...... { ]
=== Observed 1o, .. i -
O Expected £ 1 Gyyeriment | l gl
S IR T U WL S R I
600 700 800 900 1000 1100 1200 1300
mgluino (GGV)
§-g production, §— %", m(t) >> m(g)
TT I TTTT ‘ TTTT | TTTT | TTTT N TTTT | TTTT TTTT TTTT
1200 — ATLAS Preliminary
Ldt=20.7fb", {s=8 TeV
1000 2 same-charge leptons + jets

800

600

400

200
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= Observed limit (+1 Gitfrvy)

---- Expected limit (£10,,,)
—— O-leptons, > 3 b-jets, 12.8fb™, \s=8TeV
2-SameSign-leptons, > 4 jets, 5.8fb", \s=8TeV
—— 3-leptons, > 4 jets, 13.0fb™, \s=8TeV
All limits at 95% CL

Lo b b byl vy PE el vy Dy iy

1
500 600 700 800 900 1000 1100 1200 1300

m, [GeV]

10

[
<
N

—_
<
w

95% C.L. upper limit on cross section (pb)
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UH
Supersymmetry -

Hadronic / razor CMS|preliminary Leptonic

DPG 2013 - Dresden

Summary (CMS)

2 =025
m|LEP)=0 GeV - -’o.'#;'" an{ zeah i ) —on (LEP) w200 GeV

|;.l: @il ar

T30h: J (52 I §°). OS efu edge

P Jrqe(is 17 T 5°). OS count efpu s B

T31h: § -»qq(se -t I %), OS ANN

TSinu: ¢ 1" 5%, SS efp

TIRRRE: 22k, SSJII

Time: § a0, e/p?%th'

1t § o250, Mu+b

TIRNE: § tek”, c/pea,yml

Elm: §oouts’, razor

lIlm: §ou5’, razor+d

IImn: 1250, razor muitijets

|T1hhhb:9~bbbi°.af

TIw: ;9 vaqliit W), efp LS

|T1hbbb:p--b\i". oAb

1bbbb: §-»bdi”, Mu+b

Il'mu: g’ razor+d

T522: § > (52 .z;°,\.z+i‘3

[T522: 3 aa(iB 2%, Mr

o 0 |_l
T522: §-rqelxz - 21°). JZB

|T522: § » gl » 25" ), M +b

|;;:Q~o¢°.a,

TCmSiepSlep:-I 25 llg® 50, mulilepton ( >3)

|;;:'"’#-m+ﬂr

TChiSlepSiep: ]igi‘ Wilvi® §°, comb leptons

|T2: §-ra’. razor

TChiwz:| % 58 > W2ZE"°, comb leptons

T2 |_ 1ot5°, razor+b
: : : i :

T20b:  badi®, razor+b

|£l »25°, ar
szl 14, razor

2025
ns{ ot dar | — 3| LSP) w200 GV 2;2-3 s m{LSP)=0 GeV

7 TeV, < 4.98 fb-!
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. Simplified Models - Topologies
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Extra Dimensions at the LHC

10"

Why is gravity so weak? - “Thinned out” by extra
dimensions (rolled up at small scale ~mm)

q, e+ 9,7 = e
S F T T T
8 C ATLAS Preliminary
a :
£ 102 = Ldt=10.5b"
> =
w, o \'s =8 TeV
éuj_ 10
3 C P e
s -
©

_ 3

q,e G =

Total BG
C— Z(—>vv)+jets
= W(=lv) +jets
C—Z(->1)+jets
@ Dibosons

=2, M =3 TeV
....... D5 M=80GeV, M=670GeV
-~ G+94, Ma/§=1TeV, N(L;=10"‘eV

T RS
Graviton becomes Kaluza-Klein “tower” of massive  § o[ ="t
equidistant particles 300 400 500 600 700 800 900 1000 Elilf[% e1V2]00
T
Interaction of KK particles only by gravitation = BIAARAAR AL Amnas AnsanAspes nopna RaasanaRAR RS-
Suppressed by 1/M,, (with M, reduced Planck scale) ¢ i Te20
< B —— ADDn=6 —
Inclusive processes: sum over all KK states = Cross « i
sections can be 1arge ATLAS Preliminary E:BTeV,JL:w.S o
107 — —
Possible collider signatures: Direct production of KK C ——es -
particle > Mono-photons or mono-jets . I
10?2

No discrepancy from SM prediction

CTTTT]

> Limits: M, < 3.9 (2.5) TeV for d = 2 (6)
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Large ED (ADD) : monojet + E; .
Large ED (ADD) : monophoton + E; ..
2 Large ED (ADD) : diphoton & dilepton, m, , ;,
) UED : diphoton + E, ...
2 Sz, ED : dilepton, m,
g RS1 : diphoton & dilepton, m,,
3 RS1 : ZZ resonance, m,,
© RS1: WW resonance, my .
s RS g —tt (BR=0.925) : tt — I+jets,m
x KK ) 1t,boosted
w ADD BH (M, /IM;=3) : 8S dimuon, N, ;..
ADD BH (M,,, /M ,=3) : leptons + jets,Lp
Quantum black hole : dijet, Fx(m,
....................................................... GG CONtACT IRtSraetion (i )
3 qqll Cl : ee & pp,fﬁ"
uutt Cl : SS dilepton + jets + E, ..

T T T TTTT

T T T TTTT T T T T TTTT
My (5=2)
My, (5=2)

ATLAS

Mg (HLZ 5=3, NLO) Preliminary

Compact. scale R
My ~ R
Graviton mass (k/Mp, = 0.1)

Graviton mass (k/Mg, = 0.1) .
Graviton mass (k/Mp, = 0.1) Ldt =(1.0-13.0) fo’

mass
oy fs=7,8Tev
M, (3=6)
My, (5=6)
v A
A (constructive int.)
A

Z' (SSM) im,,,, |L=59-6.11", 8 TeV [ATLASCONF-2012:129)

Z' (SSM) :m., |L=47 "7 TeV [1210.6604)

S W' (SSM) imy,, |L=471b™7 TeV [1209.4446)

W' (=g, g =1) :m, |i=47 "7 Tev (1200.6503)

W'e (= tb, S%M) TM | L=1.0 17,7 TeV [1205.1016)
______________________________________________________________________________________________ AR
Scalar LQ pair (#=1) : kin. vars. in eejj, evﬁ L=1.0b", 7 TeV [1112.4828)
g Scalar LQ pair (8=1) : kin. vars. in jj, ivjj |t=1.0", 7 Tev [1203.3172)

e SCBIAT LQ paIF (B=1) : Kin. vars. in tejj, Tv]  JESERSSSTIN Primisan

2 " 4"1 generation : t't'— WbWb L=4.7 1", 7 TeV [1210.5466)

S 4" generation : b'b(T,_ T, ;)= WtWt |L=47 ", 7 TeV [ATLAS-CONF-2012-130]
S New quark b' : b'ﬁ — Zb+X,m L=2.01b", 7 TeV [1204.1265)
;’ Top partner : TT — tt + A A, (dilepton, Mrzs L=4.7 b, 7 TeV [1209.4186)

) Vector-like quark : CC,m,, |L=461b",7 TeV [ATLAS-CONF-2012-137)

2 Vector-like quark : NC, m,, |L=4.61b" 7 TeV [ATLAS-CONF-2012-137]

Excited quarks : y-jet resonance, m

Excited quarks : dijet resonance, ;n'

Excited lepton : |-y resonance, m
e Techni-hadrons (LSTC) : dilepton, mw“ :

Techni-hadrons (LSTC) : WZ resonance (vlll), m. .

T Major. neutr. (LRSM, no mixing) : 2-lep + jets
£ W, (LRSM, no mixing) : 2-lep + jets
] H™ (DY prod., BR(H =ll)=1) : SS ee (uu),m
H:* (DY prod., BR(H=—eu)=1): SS en,m '

Color octet scalar : dijet resonance, n?::

Excit.
ferm

249TeV_ 7' mass
14Tev Z' mass
255Tev. W' mass

430Gev W' mass
113TeV. W' mass
2427ev. W* mass
es0Gev T gen.LQ mass
e85Gev 2" gen. LQ mass
538Gev 3" gen. LQ mass
656 Gev ' mass
6706Gev. b'(T_ ) mass
400 Gev b'mass
4836eV. T mass (M(A ) < 100 GeV)
142Tev. VLQ mass (charge -1/3, coupling x o = v/mg)
1.08Tev. VLQ mass (charge 2/3, coupling ko = v/m,)
‘ q* mass
384TeV. Q" mass
227eV | |* mass (A =m(l*))
pJo, mass (m(p Jor) - mix;) = M,)
p, mass (m(p.) = mix;) +m,, m(a,) = 1.1m(p.))
N mass (m(W_) = 2 TeV)
Wy mass (m(N) < 1.4 TeV)
H;* mass (limit at 398 GeV for uu)
H;* mass

Scalar resonance mas
| 1 I | | | I

10"

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

DPG 2013 - Dresden

c (nb)

proton - (anti)proton cross sections

10°

10°
10’

10°

T T LN B L | T T lll:l'

Gtot

Tevaitron ‘LHC

M, =125 Gev{

WJS2012
'l

1 10
Vs (TeV)
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10°

events / sec for - = 10°° cm3s”
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