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Spectacular Performance from the LHC

The number of interactions produced =
Luminosity x cross section (cm?2) x running time(s)

World Record

I nSta ntaneous CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)

Luminosity R | |
3.5x1 033 Cm_2 S_1 — Recorded 5.20 b |

~4 Z = uu
per second

Integrats
Integrated Luminds

Luminosity

5.2/fb recorded
in 2011

~X100

2010 data

~ 350 trillion
pp collisions . _ _ _
~ 100,000 Higgs Great Optimism for imminent discovery

produced
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Unification

One of the guiding principles of physics

Newton unified all mechanical phenomena into a simple
set of governing principles using a new mathematics

Maxwell unified electric and magnetic phenomena into a
complete theory of electromagnetism

These unified theories led to Relativity, Quantum Mechanics
and Relativistic Quantum Field Theory
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Quantum Field Theory

* Energy and matter are equivalent (E = mc?)
= Repulsion of 2 electrons by the exchange of a photon

t AVacuum
Fluctuation
Q Involving top
quarks

f
AEAt 2 1

= A particle-antiparticle pair can pop out of “the vacuum” even if the
particles are very massive - but only for a short time.

= These are virtual particles. Many of them existed in a real sense
when the Universe was hotter.
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The Standard Model

Last 100 years: the combination of Quantum Field Theory
(Gauge Theory in particular) along with the many new particles
discovered has led to the Standard Model

Electromagnetism
acts on all charged particles

Strong force
acts on all quarks

Weak force
acts on all particles

Leptons

Great achievement of 20t
century science
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These are what we are made of
but the other particles are crucial
to defining what we are

— FERMIONS® ——— BOSONS ——
First 0 Third l
Generation Gendration Generation

1’
Top quark

10°
w
10" Bottom quark

Charm quark 2
Tau

Strange quark

Down quark

° Up quark

0
3
>
[ =
£
L
=
®
»
w
=
x

MASSLESS
BOSONS

Muon- )

ACUtring Tau- | Photon
S
Electran- ) neutring

neutring . Gluon

The Standard Model

1 missing piece: Higgs

Measurement Fit  10™2_QMM|/g™Meas

0 1.2 3

91.1875+0.0021 91.1874
24952 +£0.0023  2.4959
41.540 £ 0.037 41.478
20.767 £ 0.025 20.742

0.01714 £ 0.00095 0.01645

0.21629 £ 0.00066 0.21579
0.1721+0.0030  0.1723
0.0992+0.0016  0.1038
0.0707 £0.0035  0.0742

0.923 £ 0.020 0.935
0.670 £0.027 0.668
A(SLD) 0.1513+0.0021  0.1481

m,, [GeV]  80.385+0.015 80.377
Iy [GeV] 2.085 £ 0.042 2.092
m, [GeV] 173.20 £ 0.90 173.26

March 2011

Confirmed at sub per cent level

Shipsey Moriond QCD 2012



Beyond the Standard Model

The main open questions in physics we hope to address
with ATLAS & CMS data

What is the origin of mass of the fundamental particles in -
the SM? _ 5% V|5|b|ﬂﬁ

Long favored answer is Higgs mechanism, but then we

must find a SM higgs boson, or something like it 25% Dark Matter

M )
Why do the quarks and leptons come in three copies of
increasing mass? Why is the mass range so large?
g y g g 70% Dark Energ
Are the fundamental particles of the SM really
fundamental?

What about the forces? Only 47 Can they be unified?

. . 2 .
What about gravity (absent in the SM)* What we know: just the

What about Dark Matter? tip of the iceberg.

The sense of mystery has never been more acute or

more evident 1n our field
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Quarks to the Cosmos

Proton be

Primordial
Soup of the
Universe
made

at the LHC
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E n c’

new particles
of the primordial
soup

Energy of the beams

Larger E, larger m .
& further back in The collisions are

time we probe remarkable
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The energy
concentration of
the LHC

collisions
1s large
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The energy
concentration of
the LHC
collisions

1s large




Sy E -
0.000-000 000 001 seconds AB

' 3,000;000,000,000,000°
cONDENSED  Particle P b §ICS

in 50 Earth masses 1n matter

Th
one 50 Earth masses in antimatter v Snetey

concentration of
the LHC
collisions

1s large

serving eng
INGREDIENTS ¢

In every spoonful every=ipateddelCmentary particle
Both the known: quarks and electrons and photons
and we expect a sprinkling of the unknown:

Higgs, dark matter, and new spatial dimensions
Shipsey Moriond QCD 2




Object Weight (tons) 11~ iN
Boeing 747 [fully loaded] 200 |k ewswee

Endeavor space shuttle 368 Th
e Biggest Experiment Ever
ATLAS 7,000 ﬂI-j ﬁ/ gg(And ltsE?ropean)
Eiffel Tower 7300 DN
USS John McCain 8.300 B Y

CMS

& "i‘i‘.:":;ﬁ g}
- )\ N ('
l LA I

\
DIGITAL CAMERAS THE SIZE OF CATHEDRALS

10r100Nd, YCL*




AS INTRICATE AS A FLY'S EYE

(
¥ A dozen

At the heart of CMS & : undergraduates
& ATLAS are silicon A were involved in the

digital construction of the
IgItal Cameras CMS Pixel detector
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& PRECISION OF A SWISS WATCH

ATLAS silicon
camera sector

Shipsey Moriond QCD 2012




Collider detectors are like a set of nested Russian
dolls, each of which tells us something useful.

neutrino

quark/gl

hn
jet IS8

----------

muon
muon chambers

General Design of CMS and ATLAS

* charged particles leave tracks

e curvature (B-field) tells us pt
* ¢ & Y shower in the EM-CAL
* hadrons shower in the H-CAL

* L don't shower and reach [-det

* v (and LSP's) are undetected
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~ 2 A O\ \
§ Some of the over 3000 scientists from 38 countries
taklng part In the ATLAS experlment
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Evolutlon O

T I I l I
10" I ﬂ\
Ot | N
o | LHC
o Tevatron .
I I
10’ |
I I
10° I I
I
3
10 i
10 o ,(E;" > s/20) :
2 10
b 10° o \
o (E," > 100 GeV) |
S
10°
2 I
10 o, /I/
10% csjﬁ(ETje1 > s/4)
10° GHQQS(MH =150 GeV)
10" Eos,..(M, =500 GeV)
10-'-' Lol
0.1

W.J. Stirling

B a2
10 cm™ s

events/sec for L

fthe Cross-Sections

L=10"* cm %!

Production
Process | ¢ (nb) rates(H2)

| nelastic 108

bb 5%10° 5%106
- Wty 15 150
g ), 2 20
52 Z
y tt 1
= H(100GeV) 0.05
. Z(1TeV) = 0.05

gg(1TeV) 0.05
H(500GeV) 1073

Cross sections are larger at the LHC
than at the Tevatron



New Physics: precious and extremely rare
L£=10" cm %!

Production
Process | ¢ (nb) rates (Hz)

| nelastic 108

bb 5105 | 5x10S
W— (v 15 150
Z >0/ 2 20
tt 1

H(100GeV) 0.05

Z(1TeV) | 0.05

gg(1TeV)  0.05
H(500 GeV) 1073

* 107 selection problem
* Selection process determines

99.99999% of your analysis

Permanently stored: ~400 Hz
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Data AnaIyS|s WorIdW|de LHC Computing
o)

P Yow Diwcowy (dmps Pastam Secatty oin

=)
0 Mg x

Resel  Actier &

To analyze the LHC data 1S an
§ 4 enormous task — beyond the
ool / - means of CERN alone.
g ,c’ Need to send these data to the
B N computers and storage systems
of the collaborating institutes
around the world — 1n real time
without stopping!
This 1s the World Wide LHC
Computing GRID. Why not
, ofter YOUR computer at
http://lhcathome.cern,ch/ ?!

My

1 '?

', . i
] l 4 3 \ pt,vf"

Dunhg vne second of ATLAS /CM ‘

= opdrquﬁns a2 data VQlume

nequlvaept t@ 10, OOO cop;es '
Encyclop“ﬂla Brltanmea g .“."‘". .:,.1 |
aﬁ,s recorded b B GBS
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a dimuon candidate: X—p

event display
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I A spectroscopists delight

/

rediscovering the Benchmarks of the Standard Model

\'
—
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Events/Ge
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10
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/

e
S
o

CMS and ATLAS have presented
scores of physics results @ ICHEP .
They took about a hundred

man-years to produce, Butitis my
humble opinion that the graph

shown above could well be the one
to single out and attach

on the bulletin board of all the
universities and institutes participating
in the LHC experiments! (ICHEP Blog

L1l 1 ] L1l

v' Y(1S)
Y(2S)

Jy  CMS Preliminary, \'s =7 TeV
L. . =280 nb™

| do not know what will ever make

you believe particle physics is

beautiful, if not what is shown here.

1 10

(ICHEP Blog)

PARIS/Z010\ .

|l”||l 1 | I N

102

nn- mass (GeV/

03
cl) 4




A spectroscopists delight
rediscovering the Benchmarks of the Standard Model

CMS Preliminary, \'s = 7 TeV

p ,(l) ¢ .J/Ip imo :,: : 3.1 pb?

0 MeV/c?

Events/GeV
%ﬂ] TTTTIm

CMS
u” u” Resolution

T/ =30 MeV

Y =70 MeV A/ M <1%

| llllllll | IIIIIIII | IIIIIIII | IIIIIITI | IIIlI|T| | llIII|T|

/.= 900 MeV

1 10 10?
w*u- mass (GeV/c?)
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The granularity of the cameras combined with their speed enable them
to cope with very large numbers of tracks in a single event
PbPb collisions (@ 2.76 TeV/nucleon (574 TeV per nucleus)

-

~ . ‘ L \\‘\ ‘:\. \ B \ " "-.‘ ) Y
CMs CMS Experimeqt aNe\tHC. CERN\ “ B!

-
i

Run / Event: 151076 %43 05388 W, ;

Bata recorded: 2040198 3744420271 GNIFHY 3744 QE\ST) o ]
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CMS Experiment at the LHC, CERN

Data recorded: 2010-Nov-12 03:55:57.236106 GMT(04:55:57 CEST)
Run / Event: 150887 / 1792020

MU~ pair:
mass: 9.46 GeV/c2
pT: 0.06 GeV/c

rapidity:—0.33

4.74 GeV/c2
-0.39

4.70 GeV/c?
-0.28




Same dimuon mass
Spectrum as before

| CMS F’rélinﬁhaﬂ |
Jhy PbPb\/s,, = 2.76 TeV

r(1.2,35) L, = /.zmﬁ?‘
1
LIl

mnt

| Ii]"L‘y“I ‘ . ||‘| 7, "

T TTTT

P, > 4.0 GeVl/c
|
10

FT TTTT W
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Same dimuon mass
Spectrum as before

L
S
()
O 250
N
o
o

(
N
o
o

. PbPb\ s,

CMS Preiiminary
=276 TeV

, = 7.28 ub’
0-100%,00<|y| <24
0.0<p_<30.0GeVic

e Opposite-sign

= Same-sign
- total fit

-- background

| L
22 24 26 28 3
m,, (GeV/c?)

o = 39 MeV/c?

llk..llk..&ll..[
32 34 36 38

Events / (0.14 GeV/c*)

'(1,2,3S5)

l.l,|”|l il

- p.>4GeVic

+ data CMS Preliminary
— fit
0-100%, 0.0 < |y| < 2.4
0<p_<20GeVic

L.,=7.28ub’

G = 92 MeV/c? (fixed to MC)

PbPD \ Sy = 2.76 TeV

1"
m,, (GeV/c?)

Z

T T T
CMS PbPb\s,,, = 2.76 TeV

— det: 7.2ub™

—
[+

p']‘, >10 GeV/c, 'l <2.4

o

Events/(2 GeV/c?)

# Opposite-sign
< Same-sign

® [TJcMS pp 7 Tev 2.9 pb”

PRL. 107, 052302 (2011)

70

110 120
Dimuon mass (GeV/c?)

PRL. 106, 212301 (2011)
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W & Z Production

X80 & ~x90 the mass of a proton
Cross sections about 10 nb)

CMS
L S L B B R B A B

1o’ 36pb" at s=7TeV 3

number of events / 2 GeV

50 100 150 200
M(u*w)  [GeV]

number of events / 2.5 GeV

20

-t
(&)}

T T T T I T T T T

10

x10°

CMS

36pb at\Vs=7TeV |

B Ewkat
B QCD

® data

Woev

Er [GeV]

‘gﬂqg .4’ bebehyptbybd ¢ ey,
L) ¢
T T T T
0 20 40 60 80 100

37



Top anti-top Production

t—>buv, t = bev

%240:_1 T TT l T TTT | ' TTT I T TTT l T 17T l T TT I T T l_:
O, ATLAS b-tag eu ]
0220 -
o C -1 i Data 7]
;200:— J Ldt=0.70fb (It . E
4C|C_J'1 80:_ Z/'Y *+[ets _:

e Fake leptons arXiv:1202.4892

- B Other EW | | | | |
L % - | [|||||1|IIIIIEIIIIIIIIIIIII[
1 40 :_ 7 //A Uncertalnty _: ATLAS ------- Theory (approx. NNLO)
120F - f Ldt = 0.70 fb” m = 1725 GeV

- ] ee e 18617 T30 *3

100: . uu - 167£12 *15 +8

80F ] e ot 177+ 715 +8

n ] eTL N SN— 161+23 *% +8

60F ] uTL e, 168124 5 2

- N ee w/ b-tagging »—o—.—-—« 184+ 15 *28 +8

40F — up w/ b-tagging At 175+11 *17 +8

E . en w/ b-tagging - 192+ 7 *17 +8

20 Combination Ftdet—t 176+ 5*13 +8

O: 14_|_| T I - TR TIN RR N ST AN B S SRR 1?1 NI B ;_’-(IStla‘t)li(ls%lspil(lllmjl)
0 100 200 300 400 500 600>665 = Sger . %P

H. [GeV]

ATLAS in 2011 data:

~ 60000 top-pair events

- Factor ~ 10 more than total CDF and DO datasets

—> will allow more and more precise studies of a larger number of (exclusive) processes




) =200 o -
. 0} e Data
ZZ Production arXiv:1110.5016 £, 4nss k
S | Y4
= 160 o -
>12_||||‘|"|""""'|"'|"""|_' >12|[||‘||\||1|||||§1401_ J‘Ldt=1.02fb‘1 g
8 : ATLAS 77 : 8  ATLAS 331205_ . \Es=7:e;/b o
°‘|0— -1 - O __ . 8 - :""""""-é lnxslz(;ael re;(;ngroun ]
! JLdt=1-O2fb v Data 1 =10 ILdt=1.02fb1 g 100- Y 0.3+ 0.3 (stat) " (sysi]
L 4> | = : 'Y
O [ \s=7TeV 1@ [ \s=7TeV 801 .'- _____ \ .
5 8- Expected Background: 5 8- 60 Signal Region
|,|>J - % 0.31 0.3 (stat) " (syst) I.I>J [ 7 = T N S T S P
I -03 | 40 60 80 100 120 140 160 180 200
6 N 7 — | 6__ N ] o Subleading lepton pair mass [GeV]
: | 10 oxBR(ZZ> 4l) ~ 40 fb
I 1 I Few fb in narrow mass
2~ . 2 bin > comparable
. + + | e to H=>ZZ(")> 4|
O_I mrl’”ll||| ||I|||||4_L|||||—| 0_[ ||||||T b b b

40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
Leading lepton pair mass [GeV] Subleading lepton pair mass [GeV]

ATLAS in 2011 data:

~30M W- pv,ev events

~3M Z-> up,ee events

—> factor ~ 2 (W, Z) more than total CDF and DO dataset, allows ZZ to be well-measured




Summary of main electroweak and top cross-section measurements

10

0.7 fb™

0.7 fb!

ATLAS Preliminary

_[Ldt=

N's

Thec

® Data
o Data

0.035 - 1
=7 TeV
ry

2010 (-
2011

04"

-35 pb™)

g_ g 1P

B o 1 fo!

= (i
Wy Zy tt t WwW wz \ zz |

Inner error: statistical
Outer error: total

oxBR(ZZ~> 41) ~ 40 fb
Few fb in narrow mass
bin > comparable

to H>ZZ"> 4|

Good agreement with SM expectations (within present uncertainties)

Experimental precision starts to challenge theory for e.g. t1 (background to most H searches)

Measuring cross-sections down to few pb (~ 40 fb including leptonic branching ratios)



Searching for the mechanism of electroweak
symmetry breaking, we seek to understand

why the world is the way it Is.

his Is one of the deepest questions humans
have ever pursued, and

it Is coming within the reach of particle physics.

Slide adapted from talk by Chris Quigg
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The Higgs

= Massless force carriers = infinite range:
= photon,

= Massive force carriers = short range:
= Weak nuclear force is short range

= Quantum field theory doesn’t like massive force
carriers!

= Aloophole: If the universe is filled with a field that
attenuates the weak force, that would make it short-ranged.

» This is the field.

1970's: Theorists used Higgs mechanism to predict the existence of W™= &
Z particles with masses of 8o & g1 times that of the proton.

1983-84: They were found at CERN
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W&Z - right where they should be...

j Ldt=22fb"

:

events /0.5

My, = (80379 + 16,_,) MeV

y2/dof = 58/ 48

70 80

Mass of the Z Boson
Experiment

ALEPH N

L3 &

LEP ¢
common error E

91182 91187
M., [MeV]

o0 I 100
m,(uv) (GeV)

M, [MeV]
91189.3 + 3.1

91189.4 + 3.0

Zidiolf = 2.2/3
X

91187.5 £ 2.1
1.7

CDF Run |

DO Run |

DO Run Il (prel.)
CDF Il (prel.)

Tevatron 2012 (prel.)

World average (prel.) @

80.436 = 0.081

80.478 + 0.083

80.376 = 0.023

80.387 = 0.019

80.387 = 0.017

80.385 = 0.015

| Winter 2012

|
80 80.2 80.4
m,, (GeV)

New precise Tevatron

80.6

W mass at EWK Moriond 2012

AM | M ~2x107*




properties of the standard model Higgs boson
e spin 0

 coupling to the Higgs gives particles mass

» Higgs couples to pairs of all massive particles and their
antiparticles

H —pu+u- if 210MeV<mH <270MeV
H — bb if 9GeV<mH <135GeV

H—-WW if 135 GeV <mH

 coupling is proportional to particle mass

 decays preferentially to most massive particles with 2m<mH

Shipsey Moriond QCD 2012 44




The mass of the Higgs boson
Not yet measured by experiment
but constrained by experiment

My, = 152 GeV

C
excluded

6 _March 2012
| WA: : EMTheory uncertainty
5 5) _
5 ] Aochad -
— 0.02750+0.00033
1 T 0.02749+0.00010
4 Y «ee incl. low Q° data
X 34
2 _|
1 _|
JLEP
excluded
0 ' '
40

200

QHTPITY vivlLIvIiu L{CD 2012

45



With My = 80385+15 MeV

My = 94+29 5, GeV

My < 152 GeV @95% CL

LEPEWWG/ZFitter

* W/Z mass ratio sensitive 1o

radiative corrections

my (GeV)

Tevatron Preliminary

March 2012

80.5 g
| (O LEPEWWG (2011) 68% CL (exciuding m,. mm&clrect Higgs exciusion) .
n Og% gt (oy area; m,, 1211)21_ m,, 00\‘ _
- % CL (oy area) m,, (2012), m, _ —
80.45 "“ #
- L&x -
B p i
80.4 A T
: /-/ //:
i _— &
80.35 [ gl
N — «*"\ ]
- e - b -
03F ® .
st I AT YN ST ST T TN W ST TN TN AN ST SN BNV S S [T ST T INPUNT U ST U BTN U Ot

155 160 165 170 175 180 185 190 195

m,,, (GeV)

* Fix Higgs mass M(W) depends

only on M(top) (gray bands).

Note only drawn for Higg's mass regions not excluded by LHC



Evolution of the Higgs Search 1965 to Spring 2011

46 years of searches,
Early example: Y- Hy
LEP

o~ Higgsstrahlung 7z

Tevatron

95% CL Excluded Mass range

Tevatron
+ 158 173
Tevatron

events/20 MeV_

riL

lude my, <5 GeV

| I
! |
L Akl b s i
LA /
ik e T f |
o - ol |
1 |

| e |

| 1
! LI o

CUSB Collaboration @ CESR
' PRD 35, 2883(1987)
L :

— - — i - e 1
1000 2000 3000 4000

photon energy (MeV)

Tevatron Run II Preliminary, L < 8.2 fb!
——

Expected \
Observed

| *lo Expected
1206 Expected

Tevatron
Exclusion

/

95% CL Limit/SM

March 7, 2011
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m,, (GeV/ich) 60
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LHC: Higgs boson 'may have been
glimpsed’

By Paul Rincon

Science editor, BBC News website, Geneva

Two teams at the LHC have seen hints of what may well prove to be the Higgs

The most coveted prize in particle physics - the Higgs boson - may
have been glimpsed, say researchers reporting at the Large Hadron
Collider (LHC) in Geneva.

Related Stories




Standard Model Higgs
Production at the LHC

0 Gluon
fusion

O VBF

l[IIIII I IIIIIIII

0 VH

IIIIIII T IIIIIII|

Vs=7TeV ¢

IIIIIII| | I[III]II | IIIIIIII

200

300 400 500

Gluon fusion (gg — H) is the dominant production mechanism at LHC.

S/B better than at Tevatron except in VH
VBF & VH also very useful at LHC
ttH is probably for the 14 TeV run

Shipsey Moriond QCD 2012




Standard Model Higgs Decays/Search Strategy ATLAS/CMS

Higgs couples to mass so decays to the
heaviest states it can

“High Mass”
Above 2 x M, WW, ZZ dominate
ZZ to 4l fully measurable
W-> lv, Wiv (neutrinos prevent
measurement of mass peak)

LHC HIGGS XS WG 2010

Branching ratios

“‘Low Mass”

bb is dominant, b—> jets, has large QCD

backgrounds

Consequently, rarer but cleaner 11,

gamgam modes are important

gamgam is most sensitive despite tiny BR ' 200 300 500 1000
W*W, Z*Z still contribute (*=virtual) M, [GeV]

With the current dataset, ATLAS & CMS

can’t exclude the entire low mass region, | ook at ZZ and gamgam
due to an excess in the data -- hence the
as examples

excitement
Shipsey Moriond QCD 2012




H=>ZZ=>4] (The Golden Mode)

Golden: 4 leptons, clean, fully reconstructable, excellent mass resolution (1%)
Challenge: small branching fraction H>> ZZ few % Z - pu: 3%,
oB ~few fb low pT leptons

e|mproved sensitivity at low Higgs masses in
successive analysis iterations in 2011

Mu= 120 GeV/c?
Mu = 160 GeV/c?

40 50 60 70 80 90
2
m,, [GeV/c’]




H>ZZ>4l (4, 4e, 2u2e)
Background:

instrumental: real Z + fake lepton(s),

Physics: Z bbar ttbar WZ - 4l can be reduced to negligible level
Direct ZZ* production cannot be reduced, can be isolated & measured
and found to be in agreement with standard model prediction

ma4 >100 GeV/c?

Observed events: 72
Expected events: 67.1 £ 6.0

Events/10 GeV
N B~ o oo

—_
()

oS NesTTeVL=47

- a) 1
—— Data

o B z+X N
B zz

[ mu =140 GeV -

o min = 200 GeV N
— mu =350 GeV

a0 N D (@) (@]
L B L B




H=>ZZ=>4| (Zoom to low mass)

eBackground is irreducible ZZ* continuum

\Ns=7TeV L=4.7 fb1

~eo— Data [e4e, @ 4u,02020] b)
B z:x

B zz
mu= 120 GeV
—— mu=140 GeV

100 < M(ZZ*) < 160
13 observed
9.5 £ 1.3 expected

=
[}
O
Q
S~~~
&8
-
()
>
L

Final state: 4u 2e2u
Obs. events: 5 5

Exp. events: 1.73.34.5

3 events: 118.3 118.9 119.0
2 events: 125.7 126.2
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H=>ZZ=>4| (Zoom to low mass)

e DATA ' T | . \s=7TeV L=4.7 fb
| [ Background | |
| 1 Signa (m =125 GeV)
) Signal (m =150 GeV)
@ Signal (mH 190 GeV)

8 wy, Syst.unc.

—
o

Data [ 46, ® 41,0221 ] b)
Z+X
2z

mu= 120 GeV
—— mu=140 GeV

Events/5 GeV

H-zz" -4l
|Ldt = 4.8 "
\s=7TeV

Events/2 GeV

LEP excluded (95% CL)

ATLAS below 140 CMS below 140

4 expected from SM 3 observed g expected from SM 9 observed
3 events 123.6 124.3 124.6 3 events: 118.3 118.9 119.0 2 events 125.7 126.2
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NEW
March 14 2012

Cross check — 1st observation of pp = Z = 4|

CMS Preliminary fs=7TeV,L=4.7fb"

Same
final state
but at 90
GeV

o x BR(Z — 40) = 12572 (stat) " (syst) "7 (lumi) fb,
ST Mass @ known Z mass

BR(Z — 4¢) = 44719(stat) 4 0.2(syst) x 10°. Mass & mass resolution
measured in data
Shipsey Moriond QCD 2012 agree Wlth SImUIatIQn




H>ZZ> 4l (limits)

\Ns=7TeV L=4.7 fb Ns=7TeV L=4.7 b
a) . b)

SM

1o

—
o

—
Q

local p-value

140

”
'0
‘0

mu [GeV] K

d d

¢
O“’
.
d
A
5 ]
w A

W STEN s

F|==W/0 M4, uncertainties i - —— Observed i
===Expected = 10

== with ms, uncertainties i = = =Expected = 20| |

—
o
ro

95% CL limit on o/o

—
LI

00 200 300 400 500 600 T 200 300 400 500 600
mu[GeV] mH [GeV]
m local full 110:160
p-value 119 2.5(2.7) 1.0 1.6
126 <1 (1.5)
320 2.0

Expected range: 130 < M, < 160 GeV; 182 < M, < 420 GeV
Observed range: 134 <M, < 158 GeV; 180 < M,; < 305 GeV; 340 < M, < 460 GeV
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H=>ZZ=>4l (limits)
Excluded (95% CL): 135 < my < 156 GeV and 181 < m, < 415 GeV (except 234-255 GeV)
Expected (95% CL): 137 < my, < 158 GeV and 185 < m, < 400 GeV

L N N LN LN RN
_ ATLAS Prehmmary—ObserVed CLs
H— 2Z' —>4| Expected CL 1
L JLdt-ast’ W+ .
\s=7 TeV [ |+20

M
<

Ns=7TeV L=4.711b

—
(]
TTTT

Expected + 10 R

2]
©
~
©
c
o}
E
—
o
N
o
o

Expected + 20

110 120 130 140 150 160 170 180
my [GeV]

140

Expected range: 130 < M, < 160 GeV; 182 < M, < 420 GeV
Observed range: 134 <M, < 158 GeV; 180 < M,; < 305 GeV; 340 < M, < 460 GeV
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Invariant m, distribution, Exclusion limit:

summed over all categories:

—_— Observed CL, I|m|t
— Expected CL_ limit  H—yy
+ 1o ATLAS
+ 2¢ Data 2011, \s =7 TeV

900 ————————————————————————
Selected diphoton sample
° Data 2011
700 Background model
SM Higgs boson m, =120 GeV (MC)

800

Events / GeV

600

JLdt =490

‘IIII[IIIIN{III'TTIL

500 \s=7 Tev,_[ Ldt=491b"

95% CL limit on G/GSM

400 ++

300

I0|-IIII|IIII|IIII|IIII|IIII|IIII|IIII

200

I*\\I I\I\III\\\\III\\\III‘\lIIl\\\T_

q
<

100 ATLAS

v e b b b b e by g b H

115 120 125 130 135 140 145 150
my [GeV]

_L_LIiTTI

£l \‘ﬂ. .+ diread +++ RIS I +
I e e

P S RS S B S S S TS S R
110 120 130 140 150 160

" 113-115 GeV, 134.5-136 GeV.

H|IHI IM‘IHI IIII|II

@ Observed exclusion:

(=]
ATH|HH-0'H'

—,
o
o

LLargest excess of events observed at 126.5 GeV.

@ Local significance: 2.80 (Global: 1.5¢ for my =110-150 GeV).
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CMS and ATLAS diphoton limits

Iy

3.5

L—
I—
I

W

=
wn
—
o
>
=
O
\_|
(&}
32
7o
Am
=
o
X
N—
(=}

—_ Observed CL_ limit |
—— Expected CL_ limit H— vy
+ 1o ATLAS

+ 2 Data 2011, \\s =7 TeV

ILdt — 4.9 fb"

| IH\IIIH\IIIIHlIII‘\lII'HH‘

)

N
o
TTT.T

N
L9 e e s e

Observed CLs Limit : TR :
Median Expected CLs Limit CMS preliminary:

[ = 1o Expected CLs \/§=7Tev|_=476fb'1
I + 20 Expected CLs : : :

1><GSM

145 150
m,, (GeV/c?®

130 135 140

ATLAS
largest
excess

126.5 GeV

CMS
largest
excess
125 GeV




LHC Results with 2011 Data all modes combined

—_
o

LIS L L LA N B B L B B S B B

ATLAS Preliminary 2011 Data

—— Obs.
-- Exp.

CMS Prellmlnary —=— Observed
Ns=7TeV Expected (68%)|
L=4.6-4.81fb" Expected (95%)|

-
O

| I I

j Ldt=4.6-4.9fb"

Etio \s=7TeV

—

95% CL Limit on G/GSM

95% CL limit on 6/6,,

| lllllll

|

l
ll“

IIHI

Cls Limits

Loy oo by oy by ey by by by

coo v b b g Ly
100 300 400 500 600
200 300 400 500 m,, [GeV]

Higgs boson mass (GeV)

- ATLAS Preliminary 2011 Data
— Obs. 4 -
---- Exp. Ldt =4.6-4.9 fb
H1o

[]+26 \s=7TeV

L CMS Preliminary —=— Observed .
Ns=7TeV Expected (68%)|
L=4.6-4.8 fb™ Expected (95%)|

—_
o

95% CL Limit on o/og,

95% CL limit on o/cg,,

| CLs L/mlts

I T R BRI N R B R BT
11 12 12 1 1 14 14
0 Higgs A (G(.)eV)S “110"115"120 125 130 135 140 145 150
m, [GeV]
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CMS Results by Decay Mode

m, = 119.5 GeV CMS Preliminary

Combined (68%) Ns =7 TeV
L =4.6-4.8 fb

—— Single channel

!

Local p-value

Global significance Combined obs.
0.8c in range 110-600 GeV | ---= Exp. for SM Higgs
2.1c in range 110-145 GeV Comb. ensemble
H—bb (4.7 o)

— -1
CMS Preliminary ::;; ((1-?3?;_1))

\s =7 TeV — H> WW (4.6 b
L=4.6-4.81fb" — H->ZZ (4.7 =

Er v b b b e
v by PR Ly by by

o
110 115 120 125 130 135 140 145 0 1 2 3 4
Higgs boson mass (GeV) Best fit /o,

N
0

68% CL band \

[ CMS Preliminary
L Ns=7TeV
L=4.6-4.8fb"

m, = 125 GeV CMS Preliminary

Combined (68%) Ns =7 TeV
L=4.6-4.8fb"

N
@)

—
b-l .
T T 11T ‘ | L

—ill— Single channel

Best fit o/0,,

-
o

— WW — -
PR —

H— ZZ
_ v e b by b b Ly o v b v b v by by b b a baa gy
1970 115 120 125 130 135 140 145 17050 05 1 15 2 25 335 4

Higgs boson mass (GeV) i Best fit o/og,,




95% CL Limit on 0/,

—

—
Q

95% CL limit on o/c,

95% CL Limit/SM

-
(@]

-

T RTLAS Bty T T 3o e
g_ det=4.6-4.9 fbo' E
- Vs =7 TeV ]
: | The effect at 125-126 GeV:
. CLsL/m/tsl e
110 115 120 1 130 135 140 145 150
. o mH[GeV]
- v\; l;m'l'.e\lm‘Y — I Expected (68%) ]
 copeeop | —=c=| A broad excess seen by CDF and
1 DO in this mass range
CDF+ DO mostly bb & WW
O o s S e ———— E—
110 115 120 125 130 135 140 145
Higas/boson mass (GeV)
Tevat on Run || Prellmmary L = 10 fb
s :. | .l.“l- Expected Tevatron e A:"._'As.:’Ci‘.s' .
1 | Observed * -
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-
@

by ATLAS
and CMS

In just

9 months
and
consistency

——————————————————————————————————————————————————————

—h

& | ATLAS Preliminary 2011 Data 1

= - — Obs. -1

= - - Exp. f Ldt = 4.6-4.9 fb Remarkable
P ] I +1c — Progress
;% 42 o \s =7 TeV g

—

(@)

32

Lo

(@)]

-
- -
™

10

lC‘I_s I_imlits 1 1 | 1 -
100 200 300 400 500 600
my [GeV]

"the resulfs of the experiment were inconclusive so we had to use statistics... "

from Louis Lyon’s book “statistics for nuclear and particle physicists”

the Standard Model Higgs boson, if it exists, is most likely to have a mass
constrained to the range 115to 127.5 (CMS) 117.5-118.5 and 122.5-129

(ATLAS) Only with the data we shall collect this year, will we definitely be able
to confirm or rule out a Standard Model Higgs.

Shipsey Moriond QCD 2012



Four lepton candidate:
2e2u

M, = 323 GeV/c?

Muu = 90.2 GeV/c2

- -

L E="BM = 93.4 GeV/c2

CMS Experiment at LHC, CERN

Data recorded: Mon Jun 27 06:58:42 2011 CEST
Run/Event: 167807 / 966824024

Lumi section: 750

Orbit/Crossing: 196361127 / 722 Shipsey Moriond QCD 2012 64



Higgs Search Prospect

\V)

. . . . . . . T T — 53]
- CMS Preliminary: Oct 2010 216" @ 7 Tov
N : — 5fb'@ 7 TeV -
— 10fb' @ 7 TeV - -
=== 1fb'@ 8 TeV .

2fb' @ 8 TeVv
=== 5fb' @ 8 TeV
-=== 10fb™’ @ 8 TeV

We are tracking earlier
projections well

We can therefore reasonably
confidently extrapolate

-
...
5

Significance of Observation (o)

Confirmation/refutation of low Rl A
Mass Higgs hypothesis will o L Projected ?S'fé‘:'cance ;’gfbse;(‘e)’st"’;‘go
Need > 10/fb @ 7 TeV Higgs mass, m_[GeV/c?]

t 90 (local significance) at 125 GeV, if excess

Increasing Vs =8 TeV is significan _ , |
due to a signal, in reach in 2012

If Higgs is found a major milestone final missing piece of SM. The end of the
beginning of a ~45 year quest to understand electroweak symmetry breaking.

Next stage: Is it really the SM Higgs? Determine properties couplings, spin, width etc.
|s our simplest picture of the origin of mass correct or is electroweak symmetry
breaking intertwined with beyond standard model physics?

Both LHC and future lepton colliders will contribute

If Higgs is not found: certain SM processes (WW scattering) have bad high energy
behavior without a Higgs, so something must take its place




Problems with the Higgs particle

Classical
I

I
I
>:( +
I
I

= Higgs mass:

o Virtual particles contribute to the Higgs mass via “loop
corrections” that diverge quadratically!

- A is a huge quantity! Could be the Planck scale (109 times the
mass of the proton i.e. 10"° GeV)

This is an example of the hierarchy problem

Shipsey Moriond QCD 2012




The cure comes from partner particles

= Partner particles fix this:
= Need same coupling A

= Need partners to have roughly similar masses
= Otherwise the logarithmic term becomes too large,

But where do the partner particles come from?

Shipsey Moriond QCD 2012




Super Symmetry (SUSY)

‘W The only unused Symmetry of the Poincare Group

= For each 2 integer spin particle (Fermion) there is an
integral spin (Boson) partner and vice versa
= Complete spectrum of partners to standard model particles
= They are heavier and their spins are different by %2 unit

Standard particles SUSY particles

o

H

Higgsino

Squarks Sleptons SUSY force particles




Implications of SUSY

Unification: a mass scale (interaction
energy) at which the electromagnetic
weak and strong interaction have
the same strength. This happens in 10 1010 1014 1018
SUSY but not in the SM Energy (GeV)

Solution to Higgs mass problem (as just described)
Provides a path to unification with gravity
String theory requires supersymmetry

Predicts the existence of stable massive neutral particles (LSP) that are
dark matter candidates ex: neutralino or gravitino

25% of the mass-energy of the universe is dark matter, SUSY can happily predict

this amount Shipsey Moriond QCD 2012 69




Example of a Supersymmetric Model: (CMSSM)

= SUSY has >100 free
parameters

= We like simplicity
and unification

= Derive all of them
from minimal set at

the unification scale.

= \Where you end up
(now) depends on Log,,(Q/1 GeV)
where you started
(unification scale just
after the Big Bang)

S1psey 1I'iulNvlid YL £uilzs




Example of a Supersymmetric Model: (CMSSM)

= 5 main parameters

° My, My, Ay, tan(p),
and sign(u)

= m,and m,, are
‘universal masses’
We don’t know what
m, and m,,, were at
the start so we have

to scan ...
o More on this later...

o)
o
o

]

Mass [GeV]
NN
o
o

Log, ,(Q/1 GeV)
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SUSY Search

Example of production of Gluino pairs
at the LHC that decay to quarks and
other SUSY particles.

= Final States:
= Missing Energy from:

= Neutralinos and Neutrinos

= Dashed green lines

Jets of particles:

= Formed around final state quarks
and gluons

= Solid blue lines

Leptons:

= From decays of SUSY partners to
the leptons and Weak force
carriers

= Solid red lines

» From the weak force carriers
themselves: W* and Z°

Shipsey Moriond QCD 2012



Anatomy of a SUSY search using events with jets

= Example LHC produces
QQ (Squark-antisquark pair)
» QQ decay to quarks and
Dark Matter (LSP):
= Q—qg+LSP
> Q - G+LSP
\ N - Lightest SUSY Partner (LSP
SIGNAL topology jet . Slgnature
o 2 or more jets of particles
= from g and @
= And missing energy
* From the 2 LSP




Signal = Jets with missing energy

CMS,

X X

|

74



Energy imbalance perpendicularto beams

C

)\

’ \



The backgrounds

= Main concern: jets from
quarks and gluons

= Showers of many particles
in our detectors

o Sometimes imbalanced
because one or more IS
mismeasured

= QOther backgrounds

BACKGROUND = \W+jets (also from top
topology (QCD) quarks) and Z+jets




Jets that are not balanced

Jet-1 p. = 1.099 TeV

Jet 2 p. = 935 GeV

Imbalances can be due to instrumental effects (noise and
dead channels), fluctuations in how jets are manifested, and
even neutrinos in jets.

Run 144112 Event 1189490855

M. ~2.05 TeV




top, W+jets or Z +jets backgrounds

M, =170 + 10 GeV/c?

Shipsey Moriond QCD 2012

We cannot detect
neutrinos

Top quarks decay toa W
and a bottom quark

= t— Wb
W’s sometimes decay to

a lepton and neutrino
o W—ev

Z’'s sometimes decay to
2 neutrinos
o /—VV




The Data

= This plot shows a distribution
of measured numbers of
events (black points with
error bars) as a function of

iy the sum of the energy of the

Standard Model

— QCD Muktijet jets in the event (H)
— tt, W, Z + Jets

— = LMO

CMS
_[ Ldt=35pb’\s=7TeV

<

Events / 25 GeV

The green curve is what we
roughly expect to come
from jets

The blue curve is what we
expect from W's, Top, Z's

The red and magenta
1000 15 2000 2500
H; (GeV) curves are what we expect
from some possible SUSY
points (different m_, m,,)
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Events / 25 GeV

| T T T | T T T T ] I I
CMS
J L dt=35pb’\s=7TeV

Data

Standard Model
= QCD Multijet
— tt, W, Z + Jets
—— LMO

1000 1500 2000 2500

The Data

= How to deal with these
jet events?

= We use a kinematic
variable that can
separate the signal from
the background

/ BACKGROUND Jet, \‘
et topology (QCD) SIGNAL topology  J€1

H; (GeV)
E

T j2
aT_

_ \/ETjZ/Ele

M

T j1j2

Shipsey Moriond QCD 2012

- \/2(1 —COSAQ)




SUSY search with jet events using o

= Signature:

o Typically = 2 jets +
Missing energy

» Foror>0.55

o Essentially no jet events

o But there is SUSY and
some top quarks, W,
and Z events

—
(=]
G

—
L =]
wn

— Im0 Susy
- |m] SUSY

—
L=
“

0
o
)
=)
T o10¢
@
L
c
0
>
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Plot shows CMS Simulations




Application to the data

CMS Preliminary 2011 CMS Reference

II|IIIIII|III|III|III|III|III|IIIIII
()

f" dt=1.1fb"\Ns=7 TeV Measure standard model
Data f[op, W Z backgrounds
W Standard Model in Independent COﬂthl

—— QCD MultiJet .
—— 1, W, Z + Jets Samples in data

Events / 0.025
Q

-
o
©

-t
o
N

Look for an excess above
Background, none found

-
o

Calculate acceptance
& efficiency for each value
of m0O, m1/2

i

IIII| T \IIIIII| T I||IIH| T IIIIIII| T \IIIIII| T I|\II||| T TTT

III|I | |
1.2 1.4 16 1.8 2

o
d_

Obtain upper limits as a
a function of m0, m1/2

Method works @ Method applicable to
well multiple jets too
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Summary of CMS o Search for SUSY

e Observed limits from the o SUSY search plotted in the
CMSSM (m,, m,,,) plane

J— ~

1 1 1 I 1 1 1 1 I 1 1 1 1
CMS, 1.14 b7, \'s=7 TeV
95% CL limits:

2(1500)Gev ]
Observed Limit (NLO), CL_ §(1500)Ge

Median Expected Limit + 16

2(1250)GeV

tanp =10, A0 =0GeV,u>0
g(1000)Gev __|

2(750)Gev




Summary of CMS o Search for SUSY

e Observed limits from the o SUSY search plotted in the
CMSSM (m,, m,,,) plane

J— ~

1 1 I 1 1 1 1 I 1
CMS, 1.14 b7, \'s=7 TeV
95% CL limits:

g(1500)G a
Observed Limit (NLO), CL_ §(1500)Gev

Median Expected Limit + 16

Global Fit of SUSY (pre LHC)

* Precision Particle Physics data

*Flavour observables (e.g. B-Physics, g-2

* Electroweak observables (e.g. mt, mw)

* Cosmology/astrophysical data
* Relic density (WMAP)

2000
m, (GeV)

| | | | | |
1000 1500




Summary of all CMS Searches for SUSY

 Squarks <~ 1TeV are excluded in cMSSM, gluinos too for my,<500 GeV

e Update to full data set (x5 this plot) is in process, some 5/fb searches shown at
both Morionds (2012) from ATLAS and CMS

CMS Preliminary \s=7TeV, [Ldt=11fb"
T T I | I I I | I I I | I I I | I I I
&  —2011 Limits I COF 3,3, tanp=5, u<o-

-+ 2010 Limits DO 7,7, tanp=3, u<0
tanf = 10, AO=O, u>0 E LEP2 7~<T
[ JLer2 T
202900, 6o Jets+MHT

Razor (0.8 fb™)

3(1000)Gev]

1 Lepton

§r750)ce§8 Dilepton

800

m, (GeV/c?)




Summary of all CMS Searches for SUSY

 Squarks <~ 1TeV are excluded in cMSSM;, gluinos too for my<500 GeV

e Update to full data set (x5 this plot) is in/process, some 5/fb searches shown at
both Morionds (2012) from ATLAS and CMS

CMS Preliminary \s=7TeV, [Ldt=11fb"
I I T | T T | T T T | T T T | T T T ]
& —2011 Lim[s CDF Z,7, tanp=5,11<0
=== 201 Olmits DO 7,4, tanp=3, u<0

tanﬁ = 1 0 AO = O, w > O \: LEP2 ’)ZT

[ JLEP2 T

Jets+MHT
Razor (0.8 fb™)

800

m, (GeV/c?)




Chs. | cus . . "
_— «n Global fit of Supersymmetry =» wimp mass & cross PL!;,(&NST
... section compared to direct dark matter searches L
" [Jet pT: 468 GeV| y / )1 ‘\
a® —— AR
&£ “ % St St
£
7 /. \\ ’ 1
Jet pT: 57 GeV/| II L L —
' —

[Jet pT. 214 GeV
Jet pT: 34 GeV|

[MHT: 693 GeVv

10%

» , XENON100 (2011)
\ I\ CQpamaNa — observed limit (90% CL)

104 = Exp -
5 ‘ CoGeNT DM Expt. limits:
\ DAMA/I

‘ ~« CDMS (2011) http://dmtools.brown.edu/
10 \_ \ Fit: arXiv:1102.4585v1

\ \\CDMS (2010) Fig. PRL 107 131302

Global Fit of SUSY :
* Precision Particle Physics data
*Flavour observables (e.g. B-Physics, g-2
* Electroweak observables (e.g. mt, mw)
Cosmology/astrophysical data
Relic density (WMAP)
ATLAS, CMS, LHCb data
Direct searches 3
XENON100 direct Dark Matter search cut 10 i A
into allowed fit region 2010 LHC run O w Iuelurl !, \\>

- . -45 11 1 1
Allowed region has moved lower in 2011 0 78910 (. 20.e®®™ 00 50 w200 T 4
2
LHC run (red dashed arrow) WIMP Mass [GeV/c'] ~.\

102 XENONI10 (S2 only, 2011)

-

*,, EDELWEISS (2011) XENON100 (2010) =

N

_Nucleon Cross Section [cm?]
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Trotta et al.
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LHCD is an intensity frontier experiment at LHC studying b & c quarks

Standard Model

u,c,t

e — ————
DT>0.5 Ba—up BDT>05 Bs—u
HCb | LHCb

Bs cross-fee

(-]

-- SM signal

F -
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- — — v el L ;E” "'"."‘- 777

™~
S
®
=
<
N
g
o
€
o
>
w

Events per 24 MeV/c?

N

® SM prediction (FCNC, helicity suppressed)

. : . ] B(Bs—up) <4.510° at 95% CL
) 1 | .2+0 ! arXiv:1005.5310

arXiv:1012.1447 B(B—pp) < 10.3 1010 at 95% CL _ vl




CDF 95% C.L.

Then: Straub

: Moriond
(prior to ,= EWK

June 2011) | Parkinson

Moriond
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—
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-
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<
=1
=
v
~—
I

SOON these decays will be measured providing complementary information to
direct searches for SUSY particles
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The road to SUSY
Minimal SUSY models severely constrained

many more SUSY possibilities pMSSM, NMSSM, low MET
signatures, R-parity violating...




The road to SUSY
Minimal SUSY models severely constrained

civvreenn.. MANy more SUSY possibilities pMSSM, NMSSM, low MET




The road to SUSY
Minimal SUSY models severely constrained

civvreenn.. MANy more SUSY possibilities pMSSM, NMSSM, low MET
baritv violatina...




The road to SUSY
Minimal SUSY models severely constrained

civvreenn.. MANy more SUSY possibilities pMSSM, NMSSM, low MET
baritv violatina...




The road to SUSY
Minimal SUSY models severely constrained

civvreenn.. MANy more SUSY possibilities pMSSM, NMSSM, low MET
baritv violatina...




Exotica: Off Road

Contact Interactions ? New Gauge

Excited quarks ? Bosons ? Technicolour ? Leptoquarks ?

@ — 7 E

= L S c " o Data2011 3

S o o cus o ¢ ATLAS Preliminary oy 3

o —Fit w 10’ [CIDiboson

‘é =N GED Pyhia U Simuision . J. Ldt=1.08 qu T E

€ s (8 Tey) JES Uncertainty 10 g E\éVeJDets =

© 10 . -~ Excited Quark - o - 3

E 2L cung e 10k Ns=TTeV CZ{0l0ce) S
E ev) 3

P s@6TeV) CIZ(1500 GeV) |
q* (15 Tev), o 3

] zeus (prel) e'p (498 pb’)

T T T 7] HHHH"\)HHHH‘ T T T
il el el vl cewd vl e
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10 (NPT, 103 -
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10 Pt Y, . L ”
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105 L Wi<251ani<13 IS . 1O,|f_ ,,,,,, ‘
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Dijet Mass (GeV) Berger-Hryn‘ova EPS HEP 2011 m,, [GeV] Bellagamba, EPS HEP 2011 Mo (TeV)

Extra Dimensions ?  Black Holes ?? Little Higgs 7 Heavy Neutrinos ?

EXTRA-DIMENSION > T T ERRAPSE — S Prokminary
I = ] 240pb’at 7 TeV
Grotf e om 1l T=z=uen > waTi
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Collider Search for Dark Matter
e

Direct Detection (t-channel) Collider Searches (s-channel)

) ,,.’19,’ e »
A~AQQL P X 4
- gl-;_g_\l" ‘Q‘ .." .ﬁ‘f \
‘\L(;L e 7 ’)'."»' L
y il 28
_ _ s v .t
) e L9

q X q X o s
" . . . . N
Monophoton + MET Monojet + MET v

CMS Experiment at LHC, CERN
Data recorded: Sun Apr 24 22:57:52 2011 CDT
Run/Event: 163374 / 314736281
Lumi section: 604



Collider Search for Dark Matter

photons jets
CMS Preliminary \/g — 7 Tev 1T 1 ‘ 1T 1 | 1T 1 ‘ 1T 1 | 1T 1 ‘ LI | 1T 1 ‘ 1T 1 E
2 S T T T T T T T T T T T T T T T T T T |1 > - ]

%1 O F T |, e SM4ADD (M, =1 TeV, n=3} () CMS Preliminary [z .
O [ rat=aTtb S e uncertainty onBkg ] (Lg Ldt=47 15" at (s=7 TeV E tVfV*'V 5
2™ S B I
qc) B I MisID Photon (MJ) 7 n [z E
> 1 y+jets, Wy E E -@- Data ]
L i BeamHalo ] (b} 7
.................... ] S ----: DM-AVd m=1GeV
1018 = w o ke 0 e ADD M,253 E
1 0_2 B _; : -. §
10 — - 1 _ I _?

E| 11 | [ I | | [ I | | | | | | | E B 1 1 | | 1 L1 | | L 111 | | ,_! E 1 !

200 300 400 500 600 700 200 400 600 8(_)0 1000

£, [GeV] EMS [GeV]

» No excess observed — good agreement with Standard Model

and background expectations

Shipsey Moriond QCD 2012 97



“]

x-Nucleon Cross Section [cm

EXO-11-059 (monojet) and EXO-11-096 (monophoton)
Presented at Moriond EWK

1030 T T T T T T T T T T T T T TTTT N'_' 1030 T T I.II.Hll T L | T L
CMS Preliminary ~ —— CMS Monojet, 90% CL g , CMS Preliminary ~ —— CMS Monojet, 90% CL
10-32 J ) 1 : — CMS Monophoton’ 90% CL —_ 10 J.L _47f -1 =7 TeV — CMS Monophoton, 90% CL
Ldt=47fb atNs=7TeV XENON-100 g dt=4.7fb at\s=7Te COMSI 2011
103 —— CoGeNT 2011 = 10% Picasso 2009
COMSII 2011 3 —— COUPP 2011
103 CDMSII 2010 IR U
7))
] S : S 10%
’ O .
104 CL\/ c 107 :
9
10 o 10%
10-44 . Z| 10-44 .
Spin Independent * Spin Dependent
10-46 Ll Lol T 1046 | Lol | Lol | Lo
1 10 10° 10° 1 10 10° 1 203
v Mass [GeV/c?] 1 Mass [GeV/c?]

» Best limits for low mass DM, below 3.5 GeV, a region as yet unexplored
by direct detection experiments

» Limits represent the most stringent constraints by several orders of

magnitude over entire 1-1000 GeV mass range
Moriond EW2012 EXP Summary -- Alain Blondel



eg: scenario

SM ~ HV weakly coupled

» hidden hadrons: long lifetime 4
also source of dark matter candidates
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Probe beyond SM scenarios, experiment driven important to
look because we can + ‘hidden valley’,SUSY, Z
with Dark Matter candidates.

eg: scenario signature: highly
SM ~ HV weakly coupled
» hidden hadrons: long lifetime 4
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Decay length significance

CMS Preliminary\/s=7 TeV L=1.2 fb™
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H=> XX
X = uu

No events
consistent with
signal found

compute upper
limits (most
sensitive to
date)

CMS Preliminary ys=7 TeV L=1.2 fb"
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Summary of (selected) Exotica Searches (ATLAS)

Large ED (ADD) : monojet

Large ED (ADD) : diphoton

UED :yy + ET.m\ss

RS with k/M, = 0.1 : diphoton, m,,

RS with k/Mp, = 0.1 : dilepton, m,

RS with k/Mg, = 0.1 : ZZ resonance, m,

RS with g /g =-0.20 : tf — Il+X, HT + Eq s

#%ftum black hole (QBH) : m gior FO0)

QBH : High-mass o, , «

ADD BH (M, /M,=3) : multijet, zp, Nigss

ADD BH (M, /Mp=3) : SS dimuon, Ny, o
ADD BH (M., /M =3) : leptons + jets, Zp

qqqqg contact interaction : £, (m duet)

qqll Cl : ee, pu comblned m,

uutt Cl : SS dilepton + jets + E ics

SSM Z":m,,,,

SSM W' TMpg,

Scalar LQ pairs (=1) : kin. vars. in eejj, evjj

Scalar LQ pairs (5=1) : kin. vars. in upjj, Lvjj

4" generation : Q, Q,— WaqWgq

4™ generation : u U — WbWhb

4" generation : d a — Wtwt

T —>tT+AA, 1Iep+Jets+E
e Eeited quarks y-jet resonanice, M

Excited quarks : dijet resonance, mdlljjz
Excited electron : e-y resonance, m_
Excited muon : p-y resonance, m
Techni-hadrons : dilepton, m
Techni-hadrons : WZ resonance (vlll), m_
Major. neutr. (LRSM, no mixing) : 2-lep + jyets
Wg (LRSM, no mixing) : 2-lep + jets

. (DY prod., BR(H"—uu)=1) : SS dimuon, m,
Axigluons : dijet resonance, Moy
Vector-like quark : CC, my,,

Vector-like quark : NC, my,

101/ 1

Extra dimensions

4 cl

LQ

4-th gen

T miss

Excit. ferm.

ee/up

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

LAS Exotics Searches* - 95% CL Lower Limits (S

T T TTTT T T

TTT17] T T~ T T TTTT]
L=1.0fb™ (2011) [ATLAS-CONF-2011-096]

321ev. M (6=2)
301ev. Mg (GRW cut-off)
1.23TeV. Compact. scale 1/R (SPS8)
1.85TeV. Graviton mass
2.16Tev. Graviton mass
845Gev. Graviton mass
840Gev. KK gluon mass
367TeV| Mp (3=6)
235Tev| Mp
1.37Tev. My (6=6)
125Tev. M, (5=6)
15TeV. M (6=6)

L=2.1 fb” (2011) [arXiv:1112.2194]

ATLAS

L=1.1 fb™" (2011) [arXiv:1111.4116] Preliminary

L=2.1 fb™ (2011) [arXiv:1112.2194]
L=4.9-5.0 fb” (2011) [ATLAS-CONF-2012-007]

det =(0.03 - 5.0) fb™'
\s=7TeV

L=1.0 fb™" (2011) [arXiv:1203.0718]
L=1.0 fb” (2011) [ATLAS-CONF-2011-123]
L=36 pb™' (2010) [arXiv:1103.3864]
L=33 pb" (2010) [ATLAS-CONF-2011-070]
L=35 pb™' (2010) [ATLAS-CONF-2011-068]
L=1.3 fb™" (2011) [arXiv:1111.0080]
L=1.0 fb™' (2011) [ATLAS-CONF-2011-147]
6.7TeV. A

102TeV. A (constructive int.)

L=36 pb" (2010) [arXiv:1103.3864 (Bayesian limit)]
L=1.1-1.2 fb" (2011) [arXiv:1112.4462]
1.7TeV. A
221Tev. Z'mass
2.15Tev. W' mass
660Gev 1™ gen. LQ mass
e85Gev 2™ gen. LQ mass
350Gev. Q, mass
404GeV. U, Mass
480Gev. d, mass
420Gev. T mass (m

L=1.0 b (2011) [arXiv:1202.5520]
L=4.9-5.0 fb”' (2011) [ATLAS-CONF-2012-007]
L=1.0 fb™" (2011) [arXiv:1108.1316]
L=1.0 fb™" (2011) [arXiv:1112.4828]
L=1.0 fb™ (2011) [Preliminary]
L=1.0 fb™ (2011) [arXiv:1202.3389]
L=1.0 fb™" (2011) [arXiv:1202.3076]
L=1.0 fb™ (2011) [Preliminary]
L=1.0 fb” (2011) [arXiv:1109.4725] (AO) <140 GeV)
246TeV. (* mass
2.99TeV. g* mass
2.0TeV. e* mass (A = m(e*))
1.9Tev. U* mass (A = m(u*))
L=1.1-1.2 b (2011) [ATLAS-CONF-2011-125] 470 GeV pT/u)T mass (m(pT/mT) -m(n;) = 100 GeV)
L=1.0 fb™ (2011) [Preliminary] 483GeVl| p. Mass (m(pT) =m(my) + My, m(ar) =11 m(pT))
L=2.1 fb” (2011) [Preliminary] 1.51ev N mass (m(W H) =2TeV)
L=2.11b" (2011) [Preliminary] 247ev| W5 mass (m(N) < 1.4 GeV)
L=1.6fb” (2011) [arXiv:1201.1091]
L=1.0 fb” (2011) [arXiv:1108.6311]
L=1.0 fb” (2011) [arXiv:1112.5755]

L=1.0 fb™ (2011) [arXiv:11{2.5755]
111

L=2.1 fb™ (2011) [arXiv:1112.3580]
L=1.0 fb” (2011) [arXiv:1108.6311]
L=4.9 fb” (2011) [ATLAS-CONF-2012-023]
L=4.8 fb” (2011) [ATLAS-CONF-2012-023]

++
855GeV.| H ~ mass
3327eV. Axigluon mass
900Gev! Q mass (coupling k,q = v/mg)
760GeV Q mass (coupllngwc Q v/mQ |
11

1111 1 11 1 111
-1
10 10

Mass scale [TeV]




Imminent Future

The 2010 and 2011 LHC runs have been very successful

*Restart running LHC at 8 TeV, 50 ns bunch spacing, after a careful risk
analysis based on 2011 experience

« Gain 20% for Higgs production cross section & X3-4 for high mass objects
*Aim: 15/fb of data (x3 2011)

Priority: discover the SM Higgs or exclude it in 2012
...and keep looking for new physics which might
appear at any moment

The LHC program must be complemented by comprehensive

programs at the intensity frontier: beauty Factories,

Mu to electron conversion, g-2, Rare kaon, the study of

Neutrinos, Ovv3 and cosmic frontier: direct detection of
dark matter, dark energy with WL, BAO, Clusters and SN1a etc. with each
technique taken to its astrophysical limits
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Dedication

To the citizens of the world, through your labours it is
possible for the international science
community to participate in this great voyage of discovery.
We do so on your behalf.
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