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Introduction: LHC

e L HC is a high energy and high

luminosity proton-proton collider
= design centre-of-mass energy is 14 TeV and
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design luminosity is #= 1034 cm2s-! W o mos
= first collider to reach energy regime of HECR

= expect ~23 interactions at a bunch crossing
frequency of 40 MHz (!)

10" 10%° 10%
Energy  (eV/particle)

e LHC is a unique machine

= first collider to explore the physics at the TeV/ scale
= excellent sensitivity to rare (new physics) processes

e expected production cross-sections

= |arge inclusive b, W/Z and top production rates
e LHC is a combined b-, W/Z- and top-factory

= cross-section for jet and W/Z production orders of : {
magnitude larger than e.g. expected for Higgs e

events / sec for £ = 10* cm3s™

= total cross-section dominated by soft interactions




Introduction: LHC Physics Programme

e proton-proton programme:

l. mass and electroweak symmetry breaking
e search for the Higgs Boson, measurement of its
properties
ll. hierarchy in the TeV domain
e search for new phenomena moderating the hierarchy
problem
e search for the unexpected at the high-energy frontier
lll.electroweak unification and strong interactions
e precision measurements (Mwp, Mw) and tests of the
Standard Model
e tests of perturbative QCD at the high-energy frontier
V. flavour
e B-,D-mixing, rare decays and CP violation as tests of
the Standard Model

® heavy ion Programme: (not covered here)

= study quark-gluon plasma in Pb+Pb collisions at up to
iding nucleon
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Introduction: LHC and Experiments
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LHC Operation in 2010 to 2012

e first LHC running period

= 2010+2011at 7 TeV and 8 TeV in 2012

= increase in centre-of mass energy yields
increase in parton luminosity, especially
for large Mx processes

= but jet, W/Z and top cross-sections scale
fast, background for new physics searches

e outstanding LHC performance

= peak luminosity of 7.7x 1033 cm-2s-! with
half the number of bunches

= expect to reach 20fb"in 2012
e p+p run this year extended by 2.5 months

e presented in the following
= 7/ TeV and latest 8 TeV results

= status of ICHEP'12, with SUSY’12 updates
(most results based on 4.9 fb'" at 7 TeV and 5.9 fb" at 8 TeV)

Delivered Luminosity [fb™]

ratios of LHC parton luminosities:
8TeV/7TeVand 14 TeV/7 TeV

WJ. Stirling, private communication

ATLAS integrated luminosities

2010 pp Vs =7 TeV
== 2011 pp \'s =7 TeV
== 2012 pp Vs =8 TeV

SUSY’ 12
ICHEP’ 12

2012
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High Luminosity comes at a Price

e typical LHC eventin 2012

= |arge number of interactions in 1 event
e so-called event “pileup”
= exceeding detector design levels (!)

e challenge for the experiments

= trigger: select interesting interactions,
keeping acceptable total rate

= data volume: from the detector recorded
on tape and to be processed/analyzed on
computing GRID worldwide

= reconstruction and analysis: make sense
out of these very complex events and
extracting interesting physics information

\s=7TeV
ATLAS
Online Luminosity

LHC design
A

e huge development effort
= during shutdown 2011/2012
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= experiments improved as well their
sensitivity, especially for Higgs searches
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leading,track

Outgoing Parton

All 3 Regions ATLAS
p.>0.5 GeVandInl <2.5

Proton

—e— Data 2010, Transverse Region
— — PYTHIA ATLAS MC09
—a— Data 2010, Toward Region
—— PYTHIA ATLAS MC09

—a— Data 2010, Away Region

- - - - PYTHIA ATLAS MC09

Underlying Event Underlying Event

Outgoing Parton

P24
<dPsp./dndi> [GeV]

e underlying events

= pre-LHC models predict e.g. too little transverse |
activity, region sensitive to multi-parton : 0857416 18" 20
interactions ped [GeV]
= | HC results basis for improved MC tunes s CMS Preliminary L =47 fi" (s =7 TeV antiy R =07
e good description achieved with modern codes
like PYTHIA8 or HERWIG++
e cosmic air shower models yield as well a good
description (EPOS)

e jet production

= excellent description by pQCD over many orders of
magnitude (LHC covers huge range in prand |y|)

lyl <0.5 (x 10%

0.5 <lyl <1.0 (x 10%
1.0 <lyl <1.5 (x 10%)
1.5<lyl <2.0 (x 10")
2.0<lyl <2.5 (x 10%)
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= based on PDFs, constrained by HERA and 5 [ NNPDF2.1y = u, =p,
TEVATRON e

1 2
Jet P (TeV)



Standard Model Measurements

I

[pb!

§ 7 TeV CMS measurement (stat®syst)
E 8 TeV CMS measurement (stat®syst)
— 7 TeV Theory prediction

o W+/Z,W/Z+jets and

di-boson production

= important tests of SM
= background for searches (Higgs)
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e \W and Z studies

= huge event rates
¢ heavily used for calibration
= W/Z rapidity distribution
sensitive to strange quark sea
contribution in proton PDFs

EX' > 30 Gev | Ey>10GeV

In®1 <24 " AR(y,)>0.7

Production Cross Section, O,
o

—

36, 19 pb’’ . 36pb’

o ATLAS compatible Wi.th no Q% — 1.9 GeV2, x=0.023 epWZireeS  ATLAS
strange sea suppression A ABKMO09
® NNPDF2.1 ——

. . e MSTWOS8

e di-boson production v CTi0 (NLO)

.. total uncertainty
= can put limits on anomalous experimental uncertainty
-~ Triple Gauge Couplings 02 0 02 04 06
Y = becoming competitive with LEP
S




~ MET
b-jet
. b-jet
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Top Cross-Sections and Mass

e L HC is a top factory o dieptons

= tt cross-section is large ~200 pb (~4 million events so far)
= rich top physics program

— —NLO QCD (pp) ® ATLAS Preliminary 7 TeV (0.7-4.7 fb'1)

B |:|Approx. NNLO (pp) A CMS Preliminary 7 TeV (0.8-3.9 fb)

I~ --NLO QCD (pp) O CMS Preliminary 8 TeV (2.4-2.8 f6") 4
[ JApprox. NNLO (pp) 5

B CDF

4 D0

e top pair and single top production

= several channels accessible, even all hadronic
= 7 and first 8 TeV results in agreement with SM

® precision top mass measurements
top pair 150

= derive m from kinematic mass reconstruction production
= already systematically dominated (jet energy scale, ...) SR N A AN Sl S S S

2 3 4 5 6 7 8
(s [TeV]

250

M.E., private averages
T T III|

200

top mass
measurements

LHC m,,, combination - June 2012, L =35pb™-4.9 fo"
ATLAS + CMS PreliminaryN's = 7 TeV

o————i 169.3+4.0+4.9

NLOIQCD (5 flavour sclheme)

[ == theory uncertainty (scale ® PDF)
NLO+NNLL QCD

theory uncertainty (scale ® PDF)
CMS preliminary, 1.14/1.51 ft'
ATLAS preliminary, 1.04 6"

DO, 5.4 fo”

CDF, 7.5 fi"

ATLAS 2010, |+jets

ATLAS 2011, I+jets

J
L =35pb", (® CR, UE syst.)
J

——o—i 1745+ 06+ 2.3
—e 1749+ 2.1+ 3.9
—+ 1755+ 46+ 46
e ema —— et 1731221227
CMS 20T, driepton — e 1733+ 1.2+ 27
B
.
HOH

L. =1fb"

ATLAS 2011, all jets

L, =2fb", (®CR, UE syst.)
CMS 2010, di-lepton
L. =36pb", (®CR syst.)

CMS 2010, I+jets

M.E., for illustration

L, =23 ", (®CR, UE syst.
CMS 2011, u+jets

L, =49’ (®CR, UE syst.

1726 +04+1.5
173.3+ 0.5+ 1.3

LHC June 2012

starts being
Tevatron July 2011 173.2+ 0.6+ 0.8

| | * (lal) = (syst) competitive
150 190
My, [GeV] t-channel single top production

o




B 68% and 95% CL fit contours
excl. M, and m,

M;: and Electroweak Fit

68% and 95% CL fit contours
excl. M, m and M,

10 band for MW WA

e direct top and W mass measurements

= mostly precise TEVATRON results

= compatible with combined fit to electroweak
precision data and a light Higgs

= as well with MSSM

, private communication

] fitter|s.

Baak et al., GFITTER

o precise measurements of top mass
= experimental observable and pole mass ?

m " =m, (1£A)

experimental errors 68% CL.:

LEP2/Tevatron: today

!

e kinematic reconstruction from uncolored final state
e sensitive to hadronisation effects (color reconnection...)

= determine running mass (MS-scheme) from CDF/DO
top pair cross-section at NNLO, yields:

m,,, =173.3+x2.8GeV

e close to world average, factor 4 larger uncertainty SN 125, 127 Gev
e PDF and as uncertainties currently limiting for LHC, SM, MSSM

may be reduced in the future ? 7 E
Alekhin, Djouadi, Moch, arXiv:1207.0980v2 m, [GeV]

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune



Searches for the SM Higgs

e SM Higgs phenomenology

= precisely predicted, but Higgs mass
e NLO and NNLO calculations (typical o ~ 5-15%)
e production dominated by gg fusion, then vector
boson fusion (VBF), associated WH and ZH
= Cross-section and branching ratios are strong
function of My

e Higgs searches in 2011 data

= both experiments saw hints for a light Higgs
e around ~30 each, ignoring “look elsewhere effect”
e indications as well in TEVATRON data
= [ow mass region at LHC
e many decay modes accessible (yy,ZZWW,tt,bb)
e vy and ZZ yield excellent mass resolution (~1%)
= challenging to control backgrounds, except for ZZ

e experiments “blinded” their 2012 data

= huge effort to optimize expected sensitivity (pileup)

= and re-optimized analysis on published 2011 data
= results updated using 2012 data (8 TeV) up to ICHEP
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Local p-value

\s=7Tev ¢

N

Higgs
cross-section

300400500 1000
M, [GeV]

180 200

= —=— CMS observed o

---- CMS expected
4 —— ATLAS observed
---- ATLAS expected

LHC Higgs

E Searghes 2011 ~ :

M.E., for illustration

130 135 140 145
Higgs boson mass (GeV)




Overview: Higgs—yy

e experimental signature

= 2 isolated photons pr> 40, 30 GeV with e~ 40%
= expect ~200 events at S/B~3%

e huge background

= irreducible: continuum di-photons
= reducible: mis-identified jets (m9)

e sophisticated photon ID

= shower shapes (especially ATLAS) and
isolation yields: bkg(y+jet/yy)~20%

N-strips |

RMS: 0:054% @ W-sev-Efp v
RMS:0.052% O Z—eeinv.mass |

e excellent mass resolution
M, =2EE,(1-cos6,,)
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I++ if‘r N EM response
- ' P -~ stability Vs time

- Data 2011,\5=7 TeV, JLdf 4.9 fo" Vs = 7TeV. L= 498 b —-O;W:th;)ut-lj:ho/-lr::iirfgtl-on
. . . o ’ ATLAS  Preliminary . T ——— S """ “'T‘I'L'M"Ct)rreciron :

= energies from precise shower calibration S ramrrarars N N I S S B
= angle from direction to primary vertex I TR U T T T

e CMS: sophisticated primary vertex tagging . .
AV o ATLAS: ability to use photon pointing Mg



ATLAS 4 DataS/B Weighted

—— Sig+Bkg Fit (mH=126.5 GeV)
Bkg (4th order polynomial)

Signals: Higgs—yy

> weights / 2 GeV

® maximize expected sensitivity

= separate events into categories with different
S/B and mass resolution
e ATLAS uses 9 classes according to n,
conversions, pri
e CMS uses 4 classes from MVA combining all
information
= separate VBF channel
e tagged using 2 forward jets

15=7 TeV, | Ldt=4 81"
15=8 TeV, [Ldt=5.9fb" Hoyy

> weights - Bkg

e for illustration only

= combined signals from all classes, events
weighted using expected S/B

=
)
O
@)
-~
~~
(72]
o
C
O]
>
L

e extract signal from a set of fits

= background shapes in each class taken from
data (!) using sidebands

¢ Data
S+B Fit
B Fit Component
[ 1+1o

]

[0 +26

S/(S+B) Weighted
&)
o S

120 130 140
S

)
m,. (GeV)
——



Results: Higgs—yy

e combined 7 TeV and 8 TeV results:

\s=7TeV: | Ldt= 481"

ATLAS CMS ' . \s=8TeV: | Lot = 59"

: 2011 Exp. 2011-2012 Exp.

My(min po) 1265 GeV 125 GeV — 2011 Obz. — 2011-2012 Obs.
local

_ 4.5 O obs. 4.1 O obs.
significance 135 140 145 150

m, [GeV]

signal strength

. 1.8+£0.5 1.56+£0.43
U=0/0sm

® new particle is a boson

= it decays into yy
= probably not spin 1 (Landau Yang theorem)

®gg—Higgs—vy
= SM production and decay via loop processes ' i
= = Exp. for SM Higgs Boson
1 —— 7 TeV Observed
y = sensitive to t,W-couplings (and new physics) /' 8TV Obsened

>, 130 135 140 145 150

m, (GeV)
N 7



Run: 1827968 E zASmeu
| \\\ gte: 2011708530 o 9 CEST
[ | T |
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Overview: Higgs—ZZ*—4 |

e experimental signature

= isolated lepton pairs: 4e, 4y, 2e2u
= golden channel:
e few events, good S/B, good mass resolution
= key: efficient lepton identification
e performance improvements over shutdown
e e.g. CMS: FSRy recovery, ATLAS: u2.5<n<2.7

ATLAS ® Data

: zz"
H—zZ" 4l =z o
\s =7 TeV:det = 4.8 fbo H+192'(Z,g y
\S=8TeV:J|_dt=5_8 b D ( eV)
% Syst.Unc.

Events/5 GeV
(@)
o

e backgrounds

= irreducible: continuum ZZ*/Zy* production
e shape from MC, measured ZZ cross section

slightly above SM predictions (ATLAS, CMS)
= reducible: Z+bb/jets, tt (low mass)

e estimate from data using control regions

ATLAS . Da(t'?
zz
\s=7TeV: [Ldt=4.81fb" B Z+jets,

\s=8TeV: [Ldt=5.81fb"

N Events/2 GeV

® check: ATLAS+CMS observe Z— 4| ===

70 75 80 85 90 95 100 105

m,, [GeV]




e Data ATLAS

Background zZ" .

B Backg  HozZ"sal
- Background Z+jets, tt
D Signal (m =125 GeV)

7% Syst.Unc.
15l1s =7 TeV: [Ldt = 4.8 fb”

N
9]

Signals: Higgs—=ZZ*—4 |

N
o

Events/5 GeV

e CMS: 2D fit for signal extraction

= matrix element likelihood analysis (MELA) to

) \s =8 TeV:JLdt = 5.8 fb"!
separate signal and background

\s=7 TeV, L=5.1 fb"' \Vs=8 TeV, L=5.3 fb’!

i ~4e
signal e
=2e2

200 250
m,, [GeV]

0
100 110 120 130 140 150 160 170 180 CMS V\s=7TeV.L=51fb "' Vs=8TeV L=531f""
my, (GeV) ’ ’

¢ Data

=
5 8
° [ ° P (5
e events in signal region (~125 GeV) Pelmlspa o5
< [zy*, 2z =1
CMS 4e 2e2 4u 4| ..“E) [ ]my=125 GeV §3
2
exp.bkg | 0.7+0.2 1.9+0.3 1.3£0.1 3.840.5 L‘|'>J’ m
exp.sign | 1.36+0.22 | 3.44+0.44 | 2.74+0.32 | 7.54+0.78 0
obs. [ 5 3 9
ATLAS 4e 2e2) 4p 4 :
exp.bkg | 1.53£0.21 | 2.07+0.20 | 1.25£0.07 |  4.85 jﬂ. ;
exp.sign | 0.90+0.14 | 2.29+0.33 | 2.09+0.30 5.28 JRLiEERpe T
- : 5 - = sedRINiimimam Al
oo 100 120 140 160 180

m,, (GeV)



ATLAS 2011-2012 H-7Z" >4

Results: Higgs—=ZZ*—4 |

2012 Exp.

e combined 7 TeV and 8 TeV results: I

2011 Exp. -+ 2011-2012 Exp.",
ATLAS CMS S & — 2011 Obs. — 2011-2012 Obs.

.............................................. )

Is=7TeV: ‘[Ldt =481" {s=8TeV: _[Ldt =581fb’ ‘\‘

Mh(min po) 125 GeV 125.6 GeV M5 120 125 130 135 140 145 150
m, [GeV]

3.6 O obs. 3.2 O obs.

local (5=7TV,L=511" (s=8TeV,L=5315"
significance 0
2.7 O exp. 3.8 O exp. T
>
: o

signal strength 0.4

» |.4+0.6 0.7%§4 T
H=0/0sm Q
O

— Observed
= = Expected for SM Higgs Boson
—— 7 TeV Observed
8 TeV Observed

)
.
.
.
.
.

110 115 120 125 130 135 140 145 150
7\ | m,, (GeV)




Higgs>WW—=2|2v

e experimental signature

= 2 jsolate leptons (e, n), missing Er, 0-2 jets (VBF)
= |arge BR, but limited mass resolution (£75 GeV)

e backgrounds vary vs jet multiplicity
= mostly tt, irreducible WW, W/Z+jets
= kinematic selection (A, my), b-tag veto (top)

Vs=8TeV,L=5.1fb"

] m, =125 GeV
wWWw

M vv
top

B Z+jets
WH+jets

Entries / 5 GeV

® broad access compatible with SM

= CMS updated ee, yu and ep with 2012 data
= ATLAS updated only eu
e |ess sensitive to Drell-Yan at large pileup

~s

LIS
N
.....

- Data %~ SM (sys @ stat)
ATLAS Il ww [ WzZzwy
\s=8TeV,| Ldt=5.8fb" [ [ SingleTop
® B Z+jets [] W+ets
H-WW —evuv/uvev + 0/1 jets [J H[125GeV]

---------------------------

Events / 10 GeV

---- 2012 Exp. Vs=7TeV:[Ldt=471"
— 2012 0bs. {s=8TeV: [Ldt=581"

______________________________________________________________

<= 2011 Exp.  ---- 2011-2012 Exp.
— 2011 Obs, — 2011-2012 Obs.
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150 160
m,, (GeV)




for completeness
Higgs—tt and W/Z(H— bb)
e CMS updated both with 2012 data

= Higgs—TTin 4 final states utn, €th, ey, uu

® challenging large backgrounds (DY —=tt, W+jets, QCD) Hosr
e VBF most sensitive, split others by 0/1 jet and low/high pr _ VBF channel

= \W/Z(H—bb) in 3 final states (Z—1)H, (W—IV)H, (Z—vv)H
e |largest SM BR at low mass, but huge QCD background
e search in association with W or Z
e sophisticated MVA to extract signal

= total expected limits in both channels close to SM (u=1)
e CMS improved sensitivities by 50% (70%) w.r.t. 2011
e observed limits are close, needs more data

Ns=7TeV,L=49f" Vs=8TeV,L=5.11fb"

—e— observed
Cdz-w

[ Top

B clectroweak
] acb

=
)
Q)
o
¥
S~
(2}
]
-
()
>
L

® Data
— VH(125)
— ) V+bjets
(Z VV H [ V+non-bjets
top
‘A%

Events/ 0.1

CMSH—tt \Vs=7TeV,L=4.91fb"' {s=8TeV,L=5.11b" CMSH—-bb Vs=7TeV,L=5.0fb" {s=8TeV,L=5.11b"

(0]

—=— QObserved —=— QObserved
Expected (68%) Expected (
Expected (95%) Expected (95%)

-08 -06 -04 -02 0 0.2
BDT score

=

[92]
2
©
c
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=
£
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2
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...ATLAS did not yet update
their 201 | result with 2012

data, will be part of HCP

0 0
110 115 120 125 130 135 140 145 125 130 135 updates in November
m, (GeV) m,, (GeV) P




Putting All Together...

e full mass rage excluded, but window
around ~125 GeV

= all channels, including those sensitive to high my

—
o

CMS Preliminary —=— Observed
\s=7TeV,L=5.11b" Expected (68%)
\s=8TeV,L=5.31b" Expected (95%)

ATLAS 2011 + 2012 Data
[Ldt~46-48f"1s=7TeV |Ldt~58591"\s=8TeV

--= Expected Combined - - - Expected H— ZZ* > lll - = = Expected H— WW* - Iviv
— Observed Combined = Observed H— ZZ* -l = Observed H - WW* - Iviv
- -« Expected H — yy Expected H—» ZZ* - llvy == - Expected H > WW* - Ivqq

—
o
™

— Observed H— vy Observed H— ZZ* - llyy ~ — Observed H— WW" - Ivaq
--- Expected H — bb - == Expected H > ZZ* - llqq Expected H - 1
~—— Observed H— bb — Observed H— ZZ* - llqq Observed H— ¢

combined

p=
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E
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e}
o

—
Q

300 400 500 600 500500200 500
my [GeV] Higgs boson mass (GeV)




Putting All Together...

e full mass rage excluded, but window
around ~125 GeV

= all channels, including those sensitive to high my

L B UL LI B
ATLAS 2011 -2012
s=7TeV: |Ldt=4.6-4.8 b
\s=8TeV: |Ldt=5.85.9 b

nnnnn Lo by by e P s b By vy

| |
o115 120 125 130 135 140 145

—_
o

—
o

CMS Preliminary —=— Observed H
L \s=7TeV.L=5.1fb" Expected (68%)| |
 \s=8TeV,L=5.31b" Expected (95%)| |

= ATLAS 2011-2012 [zt
L \s=7TeV:)Ldt= 464810 Lt

| \s=8Tev:|Ldt=58591" — Observed
Bkg. Expected

combined

—
T 11

V\s=7TeV,L=51fo"' ys=8TeV,L=5.3fb"

3.
c
o
k=
£
-
-
O
88
Ty)
o)

CL Limits —
T T N N N S I l‘l“lllll“l‘ll‘l | NN
400 5%(; V 200 300 400 500
m, [GeV] Higgs boson mass (GeV)

" - Combined obs.
AT LAS i === Expected for SM H
—_—Hoyy
- —H s ZZ
5.9 0- ObS. ] :::X}:W
i : He‘bb . l l l l J
4.9 O exp. 116 118 120 122 124 126 128 130

m,, (GeV)

IIIII_I,lll IIIII_I,lll LIl




CMS Preliminary #= Combined |
H—ZZ +vyy 4 H — vy (untagged)}
Vs=7TeV.L=5.1fb' + H-— vy (VBF tag)

\s=8TeV,L=53f" L * H>2ZZ

Properties of the New Particle /
e establishing its nature: is it the SM Higgs ?

= Mmeasure its mass, spin properties (JP¢), couplings, ...

= it is a boson and probably not spin 1 (H—yy) 127 2

ATLAS 2011 - 2012
\s=7TeV: [Ldt=4.7-4.8 fo + Bestfit

 |s=8TeV:|Ldt=58-591fb" — 68% CL
-++:95% CL

® mass values: ATLAS | 126.040.420.4 GeV
= naive average
125.7+0.4 GeV/ CMS | 125.3+0.4+0.5 GeV

—H-yy
—H-772" 5 4
—H-wWw" = viv

=2
L
=
o))
C
o
=
)
o
c
2
()]

® experiments start to study couplings
= disentangle decay and production properties

CMS s=7TeV,L=51f"{s=8TeV,L=5.31"
m, = 125.5 GeV 'm,=125GeV| CMS Preliminary

n=0.87+£0.23 \s=7TeV,L=5.1fb'

\s=8TeV,L=5.3fb'

ATLAS 2011 -2012  m - 1260 GeV

W,ZH — bb

\s=7TeV: [Ldt= 471"

H— 1t
\s=7TeV: |Ldt = 4.6-4.7 b

(*)
H—- WW ' —Iviv
\s=7TeV: |Ldt=4.7 b
\s=8TeV: [Ldt=5.81b"

H— yy
\s=7TeV:|Ldt=4.81b"
\s=8TeV: [Ldt=5.01b"

H- zz" = a4l

\s=7TeV: |Ldt=4.81b"
\s=8TeV:|Ldt=5.81b"

Untagged

VBF tagged

VH tagged

Combined

\s=7TeV: |Ldt=4.6-48fb" _I 4+O 3
\s=8TeV: [Ldt=58-5.9" u - 1=V,

ttH tagged

1 5

H

2 3 . 0 1_2 3 4
Best fit o/, by production Best fit /o,

Signal strength (u)




Searches for Supersymmetry

excluded up to ~1.5TeV
for m(gq)=m(g)

e motivations for (minimal) SUSY

= provides solution for hierarchy problem

= Higgs mechanism for EWSB is built in and
predicts a light Higgs

= unification of couplings

= R-parity conservation: LSP is DM candidate

e SUSY is broken

= plenty of SUSY breaking models (CMSSM, ...)
o different sets of free SUSY parameters
e cach model has rich phenomenology

e recent results disfavor CMSSM

= no light SUSY discovered (so far)
= Higgs(?) at 125.7 GeV still within SUSY reach

= constraints from rare B decays (Bs—up ...)

e instead, “bottom up” approaches
= phenomenological SUSY model (pMSSM)

= simplified models to express results for
SUSY s-particle searches

- —- Expected limit (£10,,,)

Observed limit (4.7 o™, 7 TeV)

- Non-conver gent RGE
B No Ew-sB

2500 3000 3500

500 1000 1500 OOO 2500 3000
m, [GeV]




“s-particles at their naturalness limit”

g affects the stop masses

fl, 52, IN)L & strongest coupling to the Higgs system

“Natural” SUSY ?

U oMz at tree level

Sundrum, Perez (ICHEP)

e not fine tuned Higgs requires:

Prospino2.1

o, pbl: pp = SUSY

N

i

= s-particles linked to Higgs loop need to be light

e 3rd generation squarks

= cross-sections at LHC expected to be smaller
than for 1st and 2nd generation

T.Plehn et al., Prospino?2

cross-sections
?

® generic SUSY searches at LHC pERAR,
= |ike:“O-lepton” (signature: jets + missing ET) a [Lasom, oo
e interpretation in simplified model oepton combines
1 4 : - 3 = Observed limit (+1o,.°")
= yield stringent limits on 1st and 2nd gen. 22 epocted imi o10,,)

e excluded up to ~1.5 TeV for m(q)=m(g) (&l Observed it (47 15,7 Tv)
= not constraining 3rd generation squarks '

e needs specialized t and b searches

1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]




§-g production, §— tty,

CLg 95% C.L. limits. oSUSYy not included.

; - --- Expected
O-lepton,=6-9jets [L_ =5.81fb", 8 TeV]
ATLAS-CONF-2012-103 int — Observed

f - --- Expected
2-SS-leptons, = 4 jets [L._ =5.81b", 8 TeV]
ATLAS-CONF-2012-105 int — Observed

I
: ; -1 Expected
3 b-jets [L =471, 7TeV]
arXivJ1 207.4686 int Observed
S \°§ -~ 7\ -\\“T\ N
S ~ b
! N\
% l‘\ \\\
Y \

CMS Preliminary, (s = 8 TeV, L =3.95fb

Same Sign dileptons with btag selection
prod NLO+NLL

e simplified models 00 Erpected Lt 1 stata
= assumes 100% branching ratios

ATLAS Preliminary

pO 1100 1200

¢ gluino mediated Stop _—

= 4 top squarks in final state %())G1e10
= modes via virtual/on-shell stop
e but limit on m(g) depends little on
m(t) above/below m(g)
= sensitive to m(g)<1000 GeV for
m ()'('f)<380 GeV

__— e Lt o ", 0
ATLAS Preliminary Observed limits (-165.5Y) £ — by %> W +z¢1 (m; <200 GeV)
—— Observed limits {(nominal) Z-lepton (m,, = 106 GeV)

A= . . 1/2-leptons + b-jet =1 v
Ldt=4.7fb {s=7 TeV ---- Expected limits (nominal) eptons * brets (m‘f-f 06 Gev)
1/2-leptons + b-jets (m_, = 2 x m.¢)
Status: ICHEP All limits at 95% CL, %, %

T,— t+%] (m. > 200 GeV)
O-Ieﬁton

2012
t % b Xl g 1-lepton
+ \i.: ~ .

--..\ [ 2-lepton

e direct Stop pair production | L miston) > m Top)
= 2W+2b-jets+missing Er )
= modes with m(t) above/below m(t)
e combination of several signatures
to maximize sensitivity
= “If you cover the white then

Weak scale SUSY is probably
dead”R. Barbieri (ICHEP'12)




indirect
SM < DM
\ / .
direct

mono-jet

N

q

WIMP Searches By

E—
collider

e complementary to (in)direct searches
= experimental signature is y/jet+missing Et - AR oMS

== CMS MonoPhoton Vs=7TeV
— CDF 2012
SIMPLE 2010 J-L dt=5.01b"
CDMSII 2011 — .. v
------- COUPP 2011 D8, qq—jet(XX)pirac
- Super-K WW
== IceCube WW'

i
—t —_k
o o
& X

—i
:.

8]

o

e interpretation is model dependent

= needs assumption about the “blue bubble”
= effective theory approach for contact interaction
e choice of operators (~Dn)

e parameters mass my and scale A=Mx
J.Goodman et al., arXiv:1008.1783

......
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mono-jet

x-Nucleon Cross Section [cm

b) Spin Dependent

m 90% CL limits on WIMP-nucleon ' 10;/'9( [Gew;zc])‘*

cross-section for Dirac fermions X
e operator for spin independent scattering [ .. SIMPLE — Picasso 4§ XENON100 — CDMS

CDF, D8, qa— j(xX),,,... - — CoGeNT CDF, D5, dA—> j0X),.,.. -
CMS (5 b), D8, a1 (X, CMS (5 fb”), D5, a@—> v (X)),

90% CL, Spin Dependent 90% CL, Spin Independent

I _
272 XY XA R (vector)

Dirac

e operator for spin dependent scattering

1

XY XTNNG (D8) NENE))

— ATLAS, D8! qa_) Y(Xi)Dirac

(tensor) ---- ATLAS, D9, G Y(x%),,_

{s =7 TeV,f Ldt=4.6fb"

ATLAS Preliminary




No TeV Scale New Physics (yet

e huge list of experimental signatures and models covered
e typical limits achieved up to:

= singly produced objects with QCD couplings
= singly produced objects with EW couplings
= pair produced objects with QCD couplings

= unitarity limited rates ~ 4 TeV

= compositeness scale

® details in

Large ED (ADD) : monojet +E,
Large ED (ADD) : monophoton + £,
Large ED (ADD) : diphoton, m.
UED : diphoton + E, |

diphoton, m.

1 :dile

ZZ resonar
WW r

ADD BH (M,
ADD BH (

qqaq
qqll

quarks
ited quark
Excited electron
Excited muon
Techn
Techni-hadrons
Major. neutr. (LRSM, no mixing) : 2-lep +
W, (LRSM, no mixing) : 2-le
H™ (DY prod., B SS dimu
Color octet scalar : dijet resonance m

ATLAS

figures...

ATLAS Exotics Searches™ - 95% CL Lower Limits ICHEP 2012,

.7 TeV [ATLAS-CONF-2012-084]
", 7 TeV [ATLAS-CONF-2012-085)
7 TeV [ATLAS-CONF-2012-087)
", 7 ToV [ATLAS-CONE-2012-072)
", 7 ToV [ATLAS-CONF-2012.087)
L%4.95.0 16", 7 TeV [ATLAS-CONF-2012-007)
7 Tev [1203.0718)
*. 7 TeV [ATLAS-CONF-2012-068)
*. 7 TeV [ATLAS-CONF-2012-029)
*, 7 TeV [Preliminary)
. 7 TeV [1111.0080)
.7 TeV 1204 4645)
7 ToV [ATLAS-CONF-2012-038]
.7 TeV [ATLAS.CONF-2012.038]
Le1.41.2167 7 TeV [1112.4462)
", 7 Tev [1202.5520)
", 7 TeV [ATLAS-CONF-2012-007)
.7 TeV [ATLAS-CONF-2012-067)
7 TeV [ATLAS-CONF-2012-086)
7 TeV [CONF-2012-096) 350 GeV
7 TeV [1205.1016)
660 Gav 1
685 GeV
350 GeV  (

7 Tev [1202.3389)

404Gev U
480 GeV

400Gev b
483 GeV

900 GaV

760 GeV

T Tev [ATLAS-CONF-2012-023)

*. 7 TeV [ATLAS-CONF-2012-023)
L=1.1-121b", 7 TeV [ATLAS-CONF-2011-125] 470 GeV
L=1.01b".7 TeV [1204.1645)
L=2.1 b, 7 TeV [1203.5420)
L=211b".7 TeV [1203.5420)
L=1.61b”. 7 TeV [1201.1091) asseal H
L=4.8 b, 7 ToV [ATLAS-CONF-2012-038]

mass

141 TeV

#asGaw G
12350 Gr
floanew KK gl

13 Tev

~8TeV

aeTeVl M, (6=2)
ey M, (6=2)
a297ev M. (GRW cut-o

NLO) ATLAS

Preliminary

2.06 Tev
246Tev. Gr

J-Ldr =(1.0-5.8) "
fs=7,8TeV

anTev. M, (5=€

7.8 ToV
1027ev! A (construct

17Tev A

221TeV. Z' mass

Z' mass

255Tev. W' mass

113 Tev

2* mass (A = m(e*))

Mass scale [TeV]

Z’SSM Il

Z’ SSM tau tau

2Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z'SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2
Gyyk/M=0.1

G, Z()Z(qq), k/M=0.1

W Iv

W’ dijet

W — td

W’ = WZ(leptonic)

WR’ = tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

q* (qg), dijet
q*(@W)
q*(a2)

q*, boosted Z
e, N=2TeV
u, A=2TeV

10°

~3.5TeV
~ 4 TeV
~ 600 GeV

CMS

o it poir

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., dimuon, destructve LLIM
C.1., dimuon, constructive LLIM

C.l., single lepton (HNCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

1 2 3 4

b’ = tw, @1, 2)) + b-jet |
q’, b’/t’ degenerate, Vtb=1 -
b’ = tW, l+jets [

B’ = bz (100%) [

T =1z (100%) (I

t = bW (100%), I+jets (I

t = bW (100%), 1+ (I

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, g=2/3e
fractional charge, g=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutralino, ctau=25cm, ECAL time

LQ1, B=0.5
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0
LQ3, (bbnunu) Br(LQ — bvr)
LQ3, (btau) B=1.0
stop (btau)

Compositeness

3 4 5 6

Contact
Interaction

Generation




- 95% C.L. Bounds

DO
PLB 693 (2010) 539, arXiv:1006.3469
CDF 10 fb—!

Indirect Constraints on New Physics |msss

LHCb
PRL 108 (2012) 231801, arXiv:1203.4493

o LHCb took 7fb'7in 2011 (and in 2012) . phe i
= excellent dataset to place indirect constraints on NP " P ) <o

= precision measurements, compare to SM predictions

® rare B decays, especially: Bs— uu
= helicity suppressed in SM, large NP effects prediced
= places stringent limit on models increasing BR

BR(Bs— pH)<4.2% 10 (95%CL) SM:(3.1+0.2)x 10"

20 30

e e.g.excludes large tanf in 2HDM models (like SUSY) P XBR(B, i)

PY CP VIOlatIOH |n B SeCtor M.Straub, arXiv:1205.6094v |
= new measurement of Bs mixing parameters Y.Amhis et al., HFAG, arXiv:1207.1158v|
* CP violating phase &s and width differences AT’ = —

April 2012

= reduces phase space for NP:

1. LHCb

$s=-0.002+0.083+0.027rad, Al's=0.116+0.018+0.006ps"

e CP violation in charm sector ?
AAcP=Acp(K*K-)-Acp(TT*TT)=(-0.82+0.21 0.1 1)% (3.50)

ZQombined

SM
,~ 68% CL contours

" (Alog £ = 1.15)

y = no 1% asymmetry in SM, but control on QCD effects ?




What if SM unchanged up to Mp; ?

® N0 nhew physics up to very high

scales ?
= special meaning of A=0 at Mp; ?

e absolute vacuum stability with Stability

Higgs self coupling A(Mpj)=0 ?
= not quite achieved for current “best” values of

Mt and MH
= see discussion of M¢ theoretical uncertainties... 50 100 150 200

>
D)
O
=
=
Z
=
o
o
—~

Aaneqimaad—uoN

Higgs mass M), in GeV

Higgs self-couping . )
Degrassi et al., arXiv:1205.6497vl
M, = 125 GeV
30 bands in
_ M, =173.1 0.7 GeV
3 a,(My) = 0.1184 + 0.0007
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& £
=1 o
= =
= :
8 2 \
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ratio of LHC parton luminosities
8TeV/7TeVand 14 TeV /7 TeV

Future Prospects R -

- xad
T Qg

;/'/
REE4
., /
log scale i X
/ -/-/,/ N ”
/"-’ ’//

luminosity ratio
S

e current pp run ends in 2012

= hope to accumulate ~20 fb-' at 8 TeV before shutdown
= prepare for 13-14 TeV to accumulate another

~100 fb" until 2018 and ~350 fb-" until 2021
= High Luminosity LHC: ~3000 fb-"until 2030

_MS Projection
. . Higgs signal strength [ e
e ATLAS/CMS physics reach driven by
e increase in parton luminosity going from 8 to 74 TeV, Hovy
e sensitivity to smaller cross sections o

H— Ww

H—o1rx

e LHCb plans for ~50 fb-" over 10 years "o
= 10% on BR(Bs— uu), o(ds)==+0.003, ... |

900 ATLAS Preliminary (Simulation),\'s=14 TeV

e very active detector upgrade programs S R Lo

700 == 3000 fb" discovery reach

- keep and improve On phySiCS performance v un 3000 fb™ exclusion 95% C.L.
= sustain harder pileup and radiation environment
= especially trigger is an issue:

e keep prthresholds in ATLAS/CMS
Y e no Level-1 trigger selection in LHCb (40 MHz readout)

4 400 500 600 700 800 900 1000 1100 1200

today m; [GeV]



Summary and Outlook

e LHC and experiments are doing fantastically well

= very rich harvest of physics results, much broader than any talk could cover
= apologies if | did not cover your favorite subject in the last 35 minutes

® a hew Boson has been discovered !

= its properties are compatible with Standard Model Higgs, but early to tell
= exciting times for understanding the nature of EW symmetry breaking

e LHC is a discovery machine for new physics

= experiments cover a huge spectrum of signatures and BSM models
= no signs for TeV scale physics beyond the Standard Model yet

e this is just the start

= machine upgrade from 8 TeV/ to close to 14 TeV in the 2013/2014 shutdown
= expect to take ~350fb' at 14 TeV until 2021 (before start of HL-LHC)
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