The Search for New Physics
at the LHC

Oliver Buchmuller
CERN

* L.HC Startup and the 1T.HC Environment”

- a real challenge
* Physics Commissioning
- rediscovery of the SM

* Search for New Physics in the Early Days
- focus on illustrative examples from ATLAS/CMS
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The Large Hardon Collider at CERN

pp, B-Physics,
CP Violation
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A Glimpse at the LHC Physics Program
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Physics at a new energy frontier!
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LHC Startup - 10 September 2008 9l




LHC Startup - 10 September 2008 9l

FOITO + Achieved
i | — Beam 1 injected IP2
P%L?.ils — Threaded around the machine in 1h

— Trajectory steering gave 2 or 3 turns

— Beam 2 injected IP8
POINT7  — Threaded around the machine in 1h30
— Trajectory steering gave 2 or 3 turns

Cleaning
— Q and Q' trims gave a few hundred
turns

(R. Bailey at CMS Pleanry)
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Updated by Roger Bailey
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First Beam on September 10.
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Many Turns
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CFTP Se

First Events in ATLAS

‘ 2008-09-10 00:37
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First Event in CMS Sl

~2x10° protons on collimator 150 m upstream of CMS

CFTP Seminar O. Buchmiiller Ecal - pink, HB,HE light blue, HO, HF dark blue,Muon DT green 9



Impressive Energy Deposits in
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Energy Deposits: ECAL vs. HCAL

Beam dump at collimators produces many proton collisions upstream that
reach 100s and 1000s of TeV in CMS!
Rdn 61642: EB<->HB energy correlation
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First Alignment with Beam Data

o | Muons originating from the beam
T o ., rowne stopping in P2 (~300 away from LHCB)

SECTOR 34 CMS SECTOR 58

| -2 are used for alignment
: (e.g. injection test from August 24)
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Yes, it really works!
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-

Lets celebrate!

CMS Centre Mgyrin

CFTP Seminar O. Buchmiiller

15



The 9/19 Incident &)

Lo, —

o Start-of of the LHC on 9/10 was really good e
e Beam circulating for 30 minutes within days.

« However on 9/19 an unfortunate incident happened

e An electrical resistive zone built up and led to an electric arc in the
cryogenics part in one of the 8 arcs of the LHC

e This created a rupture in the helium enclosure of the magnets

e This created considerable damage that needs to be repaired
e Takes several months (at least)
e Cause and preventive measures still under study
e 6 tons of helium were released in the tunnel...

 Planned winter shutdown (December-March) came earlier...

e LHC back and starting physics program in 2009 after the shutdown
* Definite schedule for 2009 not released yet

CETP-Seminar O. Buchmuller 16



The LHC Environment
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Background and Signal
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Background and Signal X

Fermilab SSC
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Physics Commissioning with the
first collision data
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First Phase &N

Fermilab SSC “Why” MeaSU re
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1 December 200977
Probably one of the first papers:

not Higgs, not SUSY,
but rather “boring bread-and-butter” stuff

Charged particle multiplicity in pp collisions at
vs=10TeV

CMS collaboration

Abstract

We report on a measurement of the mean charged particle mulaplicity in minimum bas events, peo
duced in the central region g < 1, at the LHC in pp collisions with /3 = 14 "1cV, and recorded in
the CMS experiment at CERN. The events have been selected by a mummum bias tagger, the ¢harged
tracks reconstructed in the silicon tracker and in the muon ¢bambers, “The track density is compared
to the results of Moate Cado programs and it is observed that all models fail deamatically to desceribe
the data.

Submutted to Ewropean Jonmal of Physies
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Second Phase Sl
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a (proton - proton)
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Third Phase

Rediscover the SM

&

Fermilab SSC
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! ! ! ! ! % . Reestablish the Standard Model
I ot '« Most SM cross sections are significantly higher
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Fermilab SSC

CERN l

LHC

Third Phase
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Rediscover the SM

For L=10/pb @ 10 TeV
—->300K Events
—->30K Events

t t production: —>10K Events

Rather large data samples
already expected for 2009!

Production Rate: 10 vs.14 TeV:
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“Rediscovery” of the Standard
Model @ 14 TeV (10 TeV)
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Rediscovery of the SM S
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New Physics
What to expect?
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Good Things Come Early ... and Late

J. Incandela

Hadron Collider History
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Good Things Come Early ... and Late

J. Incandela

Hadron Collider History ... and its potential Future

2011-2012:

Collider Integrated Luminosity (pb™")
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Another Way to Look at It ... S

Many people now ask:

Will the LHC discover the Higgs boson?

My answer is ...

CFTP Seminar O. Buchmiiller 32



Another Way to Look at It ... S

Many people now ask:

Will the LHC discover the Higgs boson?
My answer is ...

By the time the LHC discovers the Higgs
boson, that discovery will no longer be

considered interesting.
M.E. Peskin - Tools 2008
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SM + X: New Physics Potential of the LHC

What could make a Higgs discovery “uninteresting”?

Contact Interaction Supersymme’rr‘y7
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New Physics Potential - Early Days

Model Mass reach Luminosity (fb-1) Early Systematic Challenges
Contact Interaction A<3TeV 0.01 Jet Eff., Energy Scale
z M~1TeV 0.01-0.1 Alignment r-"a
w M~1TeV 0.01 Alignment/MET " q_‘;; i
Black Holes M,~ 2.0 TeV 0.01 MET Jet Energy Scale 1 =
n a, "
Excited Quark M ~0.7 — 3.6 TeV 0.1 Jet Energy Scale I 2 |
wied
Axigluon or Colouron M ~0.7 — 3.5 TeV 0.1 Jet Energy Scale s N "
-
E6 diquarks M ~0.7 — 4.0 TeV 0.1 Jet Energy Scale I © l
Technirho M ~0.7 — 2.4 TeV 0.1 Jet Energy Scale " i i
ADD Virtual G4 M,~ 43 -3 TeV, n=3-6 0.1 Alignment 1 CC,
M,~5-4TeV, n=36 1 - S |
ADD Direct Gy M,~ 1.51.0 TeV, n = 3-6 0.1 MET, Jet/photon Scale I "6 .
SUSY M~1.5-1.8 TeV 1 MET, Jet Energy Scale, Multi- I—Z I
Jet+MET+0 lepton M ~0.5 TeV 0.01 /28 ERELE e B,y SZCET )
Model backg.
Jet+MET+1 lepton M ~0.5 TeV 0.1
mUED M ~0.3 TeV 0.01 Lepton ID
M~ 0.6 TeV 1
HSCP M~ 0.3 TeV 0.1 TOF, dE/Dx
M ~1.0 TeV 1
RS1
di-jets M;,~0.7-0.8 TeV, ¢=0.1 0.1 Jet Energy Scale
di-muons M;,~0.8-2.3 TeV, ¢=0.01-0.1 1 Alignment
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New Physics Potential - Early Days

M~ N A TaV/

1

Model Mass reach Luminosity (fb-1) Early Systematic Challenges

Contact Interaction A<3TeV 0.01 Jet Eff., Energy Scale

z M~1TeV 0.01-0.1 Alignment

w M~1TeV 0.01 Alignment/MET

Black Holes My~ 2.0 TeV 0.01 MET/ Jet Energy Scale

Excited Quark M ~0.7 — 3.6 TeV 0.1 Jet Energy Scale

Axigluon or Colouron M ~0.7 — 3.5 TeV 0.1 Jet Energy Scale

E6 diquarks M ~0.7 — 4.0 TeV 0.1 Jet Energy Scale

Technirho M ~0.7 — 2.4 TeV 0.1 Jet Energy Scale

ADD Virtual G4 M,~ 43 -3 TeV, n=3-6 0.1 Alignment
M,~5-4TeV, n=3-6 1

ADD Direct Gy M,~ 1.51.0 TeV, n = 3-6 0.1 MET, Jet/photon Scale

SUSY M~1.5-1.8 TeV 1 MET, Jet Energy Scale, Multi-

Jet+MET+0 lepton M ~0.5 TeV 0.01 /8 ERELE e B,y SECE

Jet+MET+1 lepton M ~0.5 TeV 0.1 WoaET DACKY:

mUED M ~0.3 TeV 0.01 Lepton ID

' Rather than presenting the generic reach plots for each
scenario (we have seen them so many times already),
| will discus

S a few illustrative examples in more detail.

Ul -

Not an exhaustive Iist!!_;

=
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SUSY Searches @ LHC

P — 44, 665 ag, 9 + X
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For low masses the LHC
becomes a real
SUSY factory

B

Huge number of theoretical models

= Very complex analysis; MSSM >100 parameter

= To reduce complexity we have to choose some

“reasonable”, “typical” models; use a theory of dynamical

SUSY breaking
= mSUGRA (main model)
= GMSB (studied in less detail)
= AMSB (studied in less detail)

» Use models to study different SUSY signatures in the
detector.

Clear signatures of
large missing energy,
.\ hard jets and many
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Could be very

J

; i o= i
o g . O 4 N, y,
Loy PN\ T e i " ¢
/ /f N 3 3 o ‘-.:\_
/' ’ = ec - > ’\\ \'
X \ )\

iigr o
~§7 i
i
Iy
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2 2SS

%\ \\‘. -
\ Ny ‘\ ) S ‘ v
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SUSY Discovery Potential - CMSSM

taN,5=10,A0=0,u>0
with systematics

1 l 1 ' l { I DT rlolelslBl

CMS

11b’

— jet+MET
—  utjet+MET
— SS2u
--=- 0821

o -
-~ Higgs

| | I

1 1 11 1
600 800 1000 1200 1400

m, (GeV)

| L ||
1600 1800 2000

200

600}

ATLAS preliminary

. 5 ¢ discovery
MSUGRA tan i = 10

400

| T O | R ) | o LA
4 iets 0 Iep\on i

saees 4 jots 1 lepton
simie 4 jets 2 leptons OS -
minmi f]et 3 Ieptons

e | 1fb=1

VT o sk O T o MO PO 1] O e |

—— YRR “'.f.cnuw'“ u
S, T
0 S5 1 (8 B T ) A T Wt ';i_?LLiii;';fj';if_ : LA L o Vi

0 500 1000 1500 2000 2500 3000
m, [GeV]

Discover Potential for “muli-jet, multi-lepton and missing energy search”
is described in the CMSSM.
Both ATLAS and CMS have very similar performance (as expected).
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Preferred CMSSM Parameter Space

‘LHC Weather Forecast”

100

JHEP 0809:117,2008
OB, R.Cavanaugh, A.De Roeck,
J.R.Ellis, H.~Flaecher, S.~Heinemeyer, 800
G.Isidor, K.A.Olive, P.Paradisi,
F.J.Ronga, G.Weiglein

900

700

600

500

10 [GeV]

= 400

300
Simultaneous fit of CMSSM

parameters my,, m,,, A,, tanf 200
(u>0) to more than 30 collider 100
and cosmology data (e.g. My,
Mo 9-2, BR(B—XY), relic g
density)

o
N
o
o

=
o
R

tanf=10,A,=0, u>0
jets + MET (CMS) — 1/fb @ 14 TeV

= 100/pb @ 14 TeV

— - 50/pb @ 10 TeV

v

full CMSSM
parameter space

| 68% C.L.
T T T 95% C.L.

/
[
[

| Il”l|HIIIHH‘IHI|HIIIIIH]IIIT

%
5
/

_[I|I|Illl//‘s

NO EWSB
o T N T I TN N N R Y O o oo, || (|l g

400 600 800 1000 1200 1400 1600 1800 2000
M, [GeV]

‘CMSSM fit clearly favors low-mass SUSY -
Evidence that a signal might show up very early?!”
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What do we call a “SUSY search”?

The definition is purely derived from the experimental signature.
Therefore, a “SUSY search signature” is characterized by

Lots of missing energy, many jets, and possibly leptons in the final state

Missing Enerqy:
» from LSP

Multi-Jet:
 from cascade decay (gaugino)

Multi-Leptons:
* from decay of charginos/neutralios

RP-Conserving SUSY is a very prominent example predicting this
famous signature but ...
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What is its experimental signature?

.. by no means is it the only New Physics model predicting this experimental
pattern. Many other NP models predict this genuine signature

o  Nwimp
/ NG L v 1 Missing Energy:
A 4 N5 » Nwimp - end of the cascade
N1 A—<\ _
>. a ; o Multi-Jet:
N2 s - Nwimp  from decay of the Ns (possibly via
\ : heavy SM patrticles like top, W/Z)
1
\ T q\ b Multi-Leptons:
g « from decay of the N’s

Model examples are Extra dimensions, Little Higgs, Technicolour, etc
but a more generic definition for this signature is as follows.
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“SUSY Searches” - What are we searching for?

o Pair-produced new particles N with a colour charge
and a mass of O(TeV/2)

N decays via a cascade into other new particles as
well as SM particles like bosons, leptons and quarks

e At the end of the cascade decay is a weakly
Interacting new particle - i.e. a dark matter candidate

In other words, a “SUSY search” is a search for
a weakly interacting (stable) particle that was produced
in the cascade decay of a heavy new particle.

S
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Jets + E/miss - Inclusive Search

E, =360 GeV
E =330 GeV

EJ*= 60 GeV

S e

[ Missing ET in MHT30 skim |

MET includes cells with E>0 (no CH)
7] No correction
|:| Bad runs were removed
|:] Noisy events were removed

[] Badcellsitowers were removed

Runll

10 V. Shary CALOR04

no cleaning

10° after
cleaning

1
300 350 400
Missing ET, GeV

0 50 100

150 200

CMS E™* + multijets, 1 fb™
— mSUGRA LM1

— Zinv+tt+EWK
-~ +QCD

M(g) = M(q) = 500 GeV
1fb1

10 &

| Zto invisible LT 7|~ H i *
2

|
200 400 600 800 1000 1200 1400 1600

ETmiss
Big discovery potential
But requires a very good detector
understanding and background control:

Analysis Strategy:
* Be brave
* Fight background and noise

» Use data control samples
 Estimate background from data

CFTP Seminar O. Buchmiiller
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SUSY search with dijet events S|

& jet
Idea: LSPo_ Lsp Y/

Search for squark-squark production with

squark_decay direc_tly to quailrk _+ LSP jet o AN Y srecroun
Exp. signature: 2 jets + missing ET SIGNAL topology  jet jet topology (@CD)
- E ! | ' | ' ' =
o) 6 L 1 B — QCD ]
Important analysis properties "T; 10 : 11b — LM1 :
« Trigger: HLT2jet ¥ 10°F —Zovv 3
AD <2/3n [ 4 E — tt,W,Z+jets
* oy = EqjplMyjq jp > 0.55 s 10%F E
(inspired by arXiv0806.1049)\ 4 >055 3
10° E LM1: 430 =
) £ Z—vv: 60 3
Analysis only relies on 10 1 tLZ,W: 20 5
. . . [ 1 ALT QCD: 0 =
kinemtaic of dijet system 10 .- i
* no direct calorimetric missing = |
Energy dependence 1|
* idea can be extended to generic 1 E [h} ,
n-jet system X :
jetsy 107 0.5 1 1.5 2
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Data Driven Background Estimations

An illustrative example: Z—vv+jets [N 4V A
Irreducible background for Jets+E,™ search ’ "’ :

Data-driven strategy: 7

* define control samples and understand their
strength and weaknesses:

CFTP Seminar O. Buchmiiller 45



Data Driven Background Estimations

An illustrative example: Z—vv+jets [N 4V A

Irreducible background for Jets+E,™s search = mie :
% o t |

Data-driven strategy: z/ '

* define control samples and understand their
strength and weaknesses:

M\/M

V4

:

Z—uutjets
Strength:
* very clean, easy to select
Weakness:

* low statistic: factor 6
suppressed w.r.t. to Z —vv
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Data Driven Background Estimations

An illustrative example: Z—vv+jets [N 4V A
Irreducible background for Jets+E,™s search = mie '
. .’ t I

Data-driven strategy:

* define control samples and understand their

strength and weaknesses:

M\/M

V4

:

Z—uutjets
Strength:
* very clean, easy to select
Weakness:
* low statistic: factor 6
suppressed w.r.t. to Z —vv

M\ v

W—uvtjets

Strength:

* larger statistic
Weakness:

* not so clean, SM and
signal contamination

CFTP Seminar O. Buchmiiller
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Data Driven Background Estimations

An illustrative example: Z—vv+jets
Irreducible background for Jets+E,™s search

Data driven strateqy:

* define control samples and understand their

strength and weaknesses:

M\/M

V4

:

Z—ll+jets

Strength:

* very clean, easy to select
Weakness:

* low statistic: factor 6
suppressed wrt. to Z —vv

M\ v

W—lvtjets

Strength:

* larger statistic
Weakness:

* not so clean, SM and
signal contamination

¢“”’.’ Etm is .
Y
y+jets
Strength:

* large stat, clean for high Ey
Weakness:

* not clean for E <100 GeV,
possible theo. issues for
normalization (u. investigation)

CFTP Seminar O. Buchmiiller
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W/Z+jets: Estimate Z to invisible

Measure from = 2 Jets from Data:
Use:

Z+jets ALPGEN205+Pythia6.335+CKKW matching

10° CMS Preliminary

Z(—un) + =2 jets
o Z(—ee) + =2 jets

to estimate directly
o Z(—vv) + =2 jets

Z,W+n-Jets x-sect
expected o« a N
102

Inclusive Z+jets cross section (pb)

10:_ R s C[prr:::?f
1€I|IIII|IIII|IIII|IIII|IIIITIIII|
%102; """""" I""I""I""I""l"'IT 0 1 2 3 4 5Niet 6
¢ E ¢ Z-vy S . .
g . ia s W/Z Ratio from data & MC tuning
s 10 s Z-up e Assume lepton universality
2 F g * Measure W/Z ratio as function of
2 1k ATLAS preliminary N jets
: ] ;= o(pp— W (—uv)+jets)
o 7|" : P= Golop—Z(—utp)+jets)
L2 J - .
¢
ol | H . e Tune MC with <=2 Jets and use
¢ 500" 7000 1500 2000 2500 ‘3000 3600 '4000 it to extrapolate in signal ratio e.g.

Effective Mass [GeV] >=3Jets
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Events/20 GeV/c

Ratio

yt+jets: Estimate Z to invisible

y+jets selection & properties:

* E>150 GeV

— clean sample: S/B>20

— ratio o(Z+jet)/o(y+jet) constant

: B o H WJJ
107 E . - : AT
= o=l i E>150 GeV )
oL - - Zj;
10* g - E
S o 100 pb?' 3
D "g”.g. ]
10° T,
o
& %F‘_g;h-
2 » s -g.:-ag"m-o—
10 PP BN BN IR BN ENAPAPIr BN ENAPUPI Rriraie S
0 50 100 150 200 250 300 350 400 450 500
Boson Pt [GeV/c]
4E T =
3.5 = S 3
3 BT =
2.5 E
- i -
2 oo -
15 E s =
E == u =1
1 : Jh&‘c“"sg" = S———— = iy -mg%x'—:
- % eeececse ‘:@Wﬂ-"t""w‘i‘g_p‘r’d}' e {]’ XX oo =
0.5 E ]
00 50 100 150 200 250 300 350 400 450 SOO

Boson Pt [GeV/c]
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ytiets: Strateqy:

* remove vy from the event:

— y becomes E, ™
* take o(Z+jet)/o(y+jet) for E,>200

GeV from MC or measure in data

CMS Preliminary

) ZEEA 2= =0 & & & 3
a | :
§‘ : rJ'th i _i" ZovVYV |
= 10k ——v prediction |
E ]
& & :
£ 100/pb :
I I
o 1 E
: . “SUSY cut”
| | Emis>200 Gev
10°! # |

S A S S

0 200 400 600 800
E-like (GeV)

&
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First Kinematic Measurements [@)]

...and if we are a bit lucky we might see such . e BN RIS
. . = l_.,(_):_ T Endpol 66 =
spectacular signals already in the early days! -~ O s
:QSJ 405 Smearing 2.273;1.3:_33
Look for generic signatures of cascade decays: (3 30E- <
@ L SU3, 1 fb]
)\.\/\/'4, ) miSS é 2(): -
l %/\/\/\‘N: } q 50 , ) JetS + Et w = : ATLAS prellmnary
7 Y { +SFOS di-leptons -
a l\ 1 0n = ] "
102 =
el e Poyepeg ' opop g |pog g |y gy Qg o g ogey g oy goge v et U
- 70 B (uu) = 182+ 26 - 0O 20 40 RO &0 100 120 140 1A/0 180 200
€ [ CMS preliminary B(ee) = 111+ 21 M(I*I) GeV
> 60:— MIl_max = 78.00 +0.49 _ -
d ¢ S(u)= 231+ 25 - Mmax — M 0 {1 _ Mz(£g) 1— M2(x1)
* 50 S(ee) = 161+ 21 Extract: te (X2) M2(x9) M?(£g)
- 2 from a fit to the “edge distribution”.
@ O Z(ee)= 12.2+5.0
SE. B * AM"#=1.07 4%0.36,,; GeV for 1/fb (CMS)
205_ Wziots * AM,,,/7*=0.754,+0.18,s GeV for 1/fb (CMS)
 Estimate same flavour top and di-boson bkg
101 directly from eu data

O a0 60 TR0 qoo 20 N40 ma™*m © Relatively precise extraction of M,/ in the first
mWIEY few hundred pb is still possible.

CFTP Seminar O. Buchmiiller 51



SM-like Higgs Boson S|

Good things come early ... and late(r)

WA NT E D Although it may come ‘late” and therefore

may not be the first major discovery of the
LHC - we still need to find it (or exclude it).

DEAD OR ALIVE
°T ) o - No reason to discount it ... it will be a major
2 5f —gggjgggggjs P event for the LHC & Particle Physics
oW mvoie. - in any case!

| Excluded\&&,

0 R Prellrnlnary

30 100 n‘h(GeV) 300
NOTORIOUS ROBBER OF $5 [mﬂ 00 oiack: Pikerton's
TRAINS AND BANKS % ?L'.fu'.\'(“&'(}.l\

REWARD =+

THIS NOTICE TAXES the PLACE of ALL PREVIOUS
REWARD NOTICES =
CONTACT SHERIFF, DAVIESS COUNTY, MISSOURI JULY 26, 1831
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SM-like Higgs Boson S|

Good things come early ... and late(r)

WA NT E D Although it may come ‘late” and therefore

may not be the first major discovery of the
LHC - we still need to find it (or exclude it).

DEAD OR ALIVE

6 m =144 GeV ] ) ) . ]

e No reason to discount it ... it will be a major
. K hd_ ] I
¢ 5f T event for the LHC & Particle Physics

4 eex incl. low Q2ciata [l J in any case!

3_ =

2f -

1 g o g

0 | Excluded :..};-:ﬁ;\ £ Prellrnlnary
30 100  mh(GeV) 300

‘e O(10B)  « o

REWARD "+

THIS NOTICE TAXES the PLACE of ALL PREVIOUS
REWARD NOTICES =
CONTACT SHERIFF, DAVIESS COUNTY, MISSOURI JULY 26, 1831
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SM-like Higgs Boson @)

Precision electroweak data tightly constrain

the allowed region of m, in the SM.
w A NTED Yet, also other important models like mSUGRA
are constrained by these data:
mSUGRA fit to flavour,

DEAD OR ALIVE electroweak and cosmology data:
6 m o = 14+ Gev
! mh(mSUGRA)=110%8_,, (exp)+3(theo) GeV
AR D g 4
’ = 0.02749+0.00012 Jff AXZ s
4 ==« incl. low Q% data i ~ 2% -
3- : 5
_ 3F Q
2 . : 3
_ 25F T ®
N i : 5 5
0 — Prellmmary 2 8 8
30 100 rrh(GeV) 300 i ‘%
15§ -1
NOTORIOUS ROBBER OF ontact: Pinkerton’s £ Q
TRAINS AND BANKS 0(1 0 B) s l;:‘ljcd':v'(‘-kﬁ\&w)av L E
REWARD Union Pa(nl'c R.anlroa(l 1 EX o
THS NOTKE TAESthe PLCE AL PEvous E
CONTACT u«mn DAVES (ouun HISSOUR! JULY 26, iesi 05 LEP Theoretically
- excluded inaccessible
0 [ 1 I 1 JEag—) l = 1 L I L L LB l 1 L1 L
90 100 110 120 130 140
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SM-like Higgs Boson &Y

SM: Constrained Phase Space

WA NTED mh(SM)=76*%.,, GeV

mh(SM)<144 GeV @ 95% CL

DEAD OR ALIVE SUSY: Accessible Phase Space
AX24§ i ;
355— 1 'é MSSM
3 “‘ g |
- :_ | | g mh=110*¢ , (exp)+3(theo) GeV SUGRA
- | S |
g : GMSB
15F | g I |
Ju W €
i Wl =  |amse
052— LEp / ‘* "mh(GeV) / : <« SM
of g : 1(')6' v<00 : (Vacuum Stability
REWARD NOTICES & = ‘ : L4 | ,Bound)
CONTACT SHERIFF, DAVIESS COUNTY, MISSOUM ULY 26, 182 | A |
75 90 100 110 | 120 130

LEP direct search: >1145 | My (GeV/c?)
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Events/500 MeV for 100 fb~"

:

:

g

g

10

Higgs Mass below 200 GeV

Low M, < 140 GeV

H—yy

@
3

Events/500 MeV for 100 fb~’

8

8

140

120

100

80

60

40

20

0O 20 40 60 80 100 120 140 160 180

2M,, < M, <2M,

H—-WW() 2|

IIIIIIIIIIIIII
CMS full simulation, L

| Y 151 I TT
=10fb™

H— WW— 2|, my=165GeV

—o— Signal+ Background

D All backgreunds

T | T I—!-tl:.l_l—l | il I T | TTT I TTT | l_
e .
——

NLO cross sections wa

El et}
. WZeZ 24OV

All selection cuts i
12 GeV <my < 40GeV ]

By

Statistical =mors

A Systematics inzhded

H— WW— v
NLO cross sections

_
(=)
T

Luminosity needed for a 5a diSCOVny [ﬂ)'l]
pess
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150-180 GeV

events @ J0R"
el

X

130<M, <~600 GeV

H—ZZ()—4

[ IH->4I

1

140 150 160

1
170 180 190
m, [GeV/c']
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SM Higgs Reach

ATLAS Discovery Potential

il

Preliminary

Luminosity 1/fb
[(=]

Average includes:
H—yy, qqH&H—1T, H=ZZ*—4,
H—=WW—eu, qqH—-qqWW—qqeu

120 140 160 180 200 220 240 260 280 300
my(GeV) !

Significance

CMS, 30 fb" |

| X [ H—y7y opt

—e— H—vyy cuts

—— H—=>ZZ—4l |
—s— H-WW-=212v
—— qqH, H->WW-lvjj
—e— qqH, H-tt—l+jet
—— qqH, H-vyy

100

|
200

300 400 500 600
M,.GeV/c
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SM Higgs Reach

ATLAS Discovery Potential

aias |

Preliminary

Luminosity 1/fb
[(=]

a o

N w

Average includes:
H—yy, qqH&H—1T, H=ZZ*—4,
H—=WW—eu, qqH—-qqWW—qqeu

80 200 220 240 260 280 300
m,(GeV) !
Most difficult part is

M,~115 to 120 GeV

ttH—ttbb more difficult .
than originally expected Ear Iy dlSCOVGI’y alrea dy

possible with 1fb-"

Significance

CMS, 30 fb"

. —e— H—vyy cuts
V| —=— Hoyy opt
—— H->ZZ—4l
—=— HHSWW=2I2v
—— qqH, H>WW-hijj| |
—eo— qqH, H-tt—l+jet
—— qqH, H-vyy

i 1 | 1 1
]IOO 200 300 400 500600

M, GeV/c®
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SM Higgs Reach @

ATLAS Discovery Potential

ATLAS 95% CL Egclusion

0.99

aras |

Preliminary 19

Luminosity 1/fb
(=}

[{=]
Luminasity [fo”']

0.95

o o 9

NS

Average includes: 10 1s 120 125 130 135 140
H—yy, qqH&H—11, H—=ZZ*—4l, m,, [GeV]
H—-WW—eu, qqH—qqWW—qqeu 1
80 200 220 240 260 280 300 With 1fb-1 of understood data:
my(GeV) ' epotential to exclude a very large mass range

Most difficult part is
M,~115to 120 GeV

ttH—ttbb more difficult .
than originally expected Ear Iy dISCOVGI’y alrea dy

possible with 1fb-"
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potential to discover higgs with m,~165 GeV
(m,~170 GeV recently excluded by Tevatron)

LHC will give us an answer!




Summary <)

2009 will be the year of machine, detector, and physics analysis
commissioning - i.e. intense preparation for the physics year 2010.

= Challenge: commissioning of machine and detectors of unprecedented
complexity, technology, and performance

= Re-discover the Standard Model at 10 TeV, understand the “LHC environment”

The LHC will discover (or exclude) the Higgs by ~2011-2012 [~10/fb].

= We will get an answer!
= Large phase space can already be excluded with only ~1fb (i.e. 2009/2010)

The LHC will discover low energy SUSY (if it exists).

= 2009/2010 could become the year(s) of “"SUSY"” but it could also take more time
and ingenuity before we can claim a discovery

= First signals might emerge already in the first data but do we understand them?!

The LHC will cover a new physics scale of 1-3 TeV.

= Many new physics models; Black hole, Extra Dimensions, Little Higgs, Split Susy,
New Bosons, Technicolour, etc ...

In other words; the next years will be a very exciting time for particle physics . ..
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Timeline: Near-term Prediction <l

Higgs discovery sensitivity (M,;=130~500 GeV)
Explore SUSY tom ~ TeV
Precision SM measurements

1fb-1

Sensitivity to 1-1.5 TeV resonances — lepton pairs 1876V
100 pb-1 Understand SUSY and Higgs background from SM 2009
More accurate alignment & EM/Jet/ETmiss calibration

e
.
o

10pb-1 | Search for very striking new physics signature 10 TeV
Use SM processes as “standard candles” 2008
Test beam, cosmic Initial detector & trigger synchronisation,
runs, pre-alignment commissioning, calibration & alignment, material
& calibration, | | .. ]
extensive f >
simulations ... ime .
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Timeline: Long-term Guess

H, m_ =~ 115 GeV

=
—
h
o
-
-
o
-
-
—
-
-
Il

m=~25 TeV SUSY (g,q)
eV-scale resonances from WW scattering

Leptoquarks, m= 1.5 TeV
Compositeness, A = 30 TeV

Extra-dimensions G — e*e,. m=1 TeV

—p
llll LU

Z' . m=6.5TeV
Compositeness™]
A=60TeV

m==3TeV
SuUsY

-I lllllllll lllllllll lllllllll lllllllll |

1 i
= H-» 4, m_=~ 180 GeV =
B m=1TeVSUSY (5,3) -§ SLHC
-1 - g*e, m=1 Te =
10 E z 1TeV £ e mm— 5
/| 1i - First top quarks observed in Europe! L=1035
1 0'2 T TR TR A VRN WO TS| [N TR N PO A | HEHE T U T LAY T T T (N T
2008 2010 2012 2014 2016 2018 2020
year

Gianotti / Nessi 2007

&
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Many Thanks to:

A. De Roeck, F. Gianotti, G. Giudice, J. Incandela, K.Jakobs
and many others ...
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Backup
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Black Holes at LHC:

] AT RRI]]

With Large Extra Dimensions micro Black Holes (BH) could be produced
at LHC energy scale, /in (4+n) dimensional spacetime
Schwarzschild radius r .,.,, function of the reduced Plank scale M,

BH is formed if the p-p impact parameter is less than r 4.,
from semiclassical approach G (Mgy) = T riy,.,,
In case of M, ~ TeV then G (Mg,,) ~ pb —

Could be discovered with 1 fb if My < 5 TeV \E

BH with short life time, of the order of 10-12fs
BH is expected to evaporate by emission of all particle types

source of new particles !
possibility to probe quantum gravity in lab b;}
Signature -
High track multiplicity, hadrons:leptons = 5:1 |
spherical event

ICHEPOS T L 20
1 August 2008 Paoclo SPAGNOLO i

IVl s Ul it U5



Quantum Black Holes at the LHC?

Black Holes are a direct prediction of Einstein’s
general theory on relativity 4dim: R — <« 10-3m
-t s

4+n dim. : R, — ~ 10-19 m

If the Planck scale is in ~TeV region: R. = : :
. = schwartzschild radiu:
can expect Quantum Black Hole production > wd ra radt

Quantum Black Holes are
harmless for the
environment: they will decay
within less than 10?7
seconds

' Quantum Black Holes open the
exciting perspective to study
Quantum Gravity in the lab!

66

E Simulation of a Quantum Black Hole event



o Black Holes Production 2

If the Planck scale in ~TeV region: can expect Black Hole production

CMS PTDR
4lwn:'!"|'"'|''"|'"'|""|""l""l""l""["":
3500F- — Signal =

- ---- Backgrounds -
3000F- 3
25005—’.., (b) —f
2000 =
1500~ <
10005 3

5001 =
X B A B S S B X X
sphericity

~ Spherical events: Many high
energy jets leptons, photons etc.
Ecological comment: BH's will
decay within ~ 10-27 secs
Simulation of a black hole Detectors, electronics (and rest

Cr I~ OCilnial V. Ducliiiiulici 67




The LHC Environment
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Collisions at the LHC

X

(")@

Bunch Crossing 4 107 Hz

(‘ ™ Proton Collisions  10°Hz
Parton Collisions ut
‘ @
S New Particle Production #
(Higgs, SUSY, ....) JFz
w

7x10"2 eV Beam Energy
10% cm2s'  Luminosity
2835 Bunches/Beam
10" Protons/Bunch
- I RET
= —‘-Z—:" ﬂ

7 TeV Proton Proton
colliding beams

10 Hz Lot — 2y fe2b

Selection of 1 event in 10,000,000,000,000
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pp collisions at 14 TeV at 1034 cm-2s-18)]

A very difficult environment ...

20 min bias
events overlap
&

H—ZZ
with Z — 2 muons

: H— 4 muons:
the cleanest

Reconstructed tracks
(“golden™) with pt > 25 GeV

signature

And this (not the

H though...) repeats
every 25 ns...
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High Performance Detectors S

We don’t know how New Physics will manifest itself
— detectors must be able to detect as many particles and signatures as
possible: e, u, T, v, vy, jets, b-quarks,

Very precise vertex reconstruction
of secondary particle decays (e.g. b quarks)

Hadron calorimeter I

Inner tracker

........... dizplaced track

Hadronic
jet , Excellent performance over
Vv unprecedented energy range :

few GeV — few TeV
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High Performance Detectors @

Key:

Muon i
Electron /
Hadron (e.g. Pion) v
----- Photon <;/’/
? \ #%\‘\ﬁ

Tracker

\ Electromagnetiz\ / By
}1" ] ' Calorimeter \ ;

4
4
Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
Transverse slice with Muon chambers

through CMS

We don’t know how New Physics will manifest itself.
— Detectors must be able to detect as many particles and signatures as
possible: e, u, T, v, vy, jets, b-quarks, ....
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High Performance Detectors  [&}

Even for exotic particles like R-Hadrons (if they exist)

I 1 | 1 1 1 1 1
Key: om im Im im am Sm Hm m
Muon '
Electron Charged Hadron (eg. Pion|

----- Photon = = = = NeutralHadron {e.g.Neutron)
Charged RHadron ' ‘

Charged R Hadron
----- Neutral RHadron

F 4 i s
Electromagnetic Lo dd TN s
}I”' Calorimetar Y i
Superconducting IRIERER
Caloeimeaer Solenoid |
RS
ron retwrn yoke interspersed LN §
Transverse slice weith Muocn chambers |
through CMS e

We don’t know how New Physics will manifest itself.
— Detectors must be able to detect as many particles and signatures as
possible: e, u, T, v, vy, jets, b-quarks, ....
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Slide from Mike Lamont

LHC Startup

m 1toNto431to 156 bunches per beam

m N bunches displaced in one beam for LHCb

m Pushing gradually one or all of:
Bunches per beam

&)

7/~

After initial commissioning

phase 156x156 running of

another month could yield
O(10pb") @ 10 TeV in 2008

Squeeze

Bunch intensity IP1&5

1% 1 11 1010 ~10%7 Low
43 x43 11 3 x10%10 6 x 10%° 0.05
43 x43 4 3. %1010 1.7 x 1030 0.21
43 x43 2 4°X 100 | 6.1.x10° 0.76
156 x 156 4 4 x 1010 115101 0.38
156 x 156 4 9 x. 1010 5.6 X101 1.9
156 x 156 2 285 o [0 e i K o o [0 i 3.9
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Produced Events in the very First Days

30 days at 3x102° with efficiency 20% =0 .15 pb"

HoeEs R T S S ARy T Assumed Efficiencies
1.00E+09 S e(W) =0.3 £(Z)=0.5 ¢(ttbar)=0.02
100E+(7 [EESeeteE e ElE s e Events after one Month
in Bias - 10

1.00E+05 14 TeV Min Bias : ~10
1.00E+03'W::::c:::::::fﬁ W%KV ~103
(O0E+ e Z— 00; ~102

T tt— /v + X: ~101
HEIWNS 0 A 0 n 0 0 80 g ¢ 14 TeV

G.Rolandi days

Mainly used for general
+Minimum bias = Jet Et>25 GeV <+ W lnu ~ ZIl — ttbar--> [ nu +X commissioning and detector
alignment & calibration.
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Produced Events in the very First Days

Production Rate: 10 vs.14 TeV:

* W/Z ~70%
30 days at 3x102° with efficiency 20% =0 .15 pb" . ttbar ~50%
* Higgs (200) ~50%
1.00E+11 e B Assumed Efficiencies
LOOEH09 |t e(W) =0.3 £(Z)=0.5 ¢(ttbar)=0.02
{Q0EHT |pmpmeemstotmte et SR T Events after one Month
' in Rige - ~1010
1 00E+05 14 TeV Min Bias : 10
1l00E+03.W::::::::::°"’ W%f\/: ~103
LOEH0] | e O Z—> (1 ~102
1//*“"“"—"*_—"— tt— /v + X: ~101
1.00E-01
VOO AIRXIDONR PP PR 14 TeV

olandi da S
G.Roland y Mainly used for general

+Minimum bias = Jet Et>25 GeV <+ W lnu ~ ZIl — ttbar--> [ nu +X commissioning and detector
alignment & calibration.
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Production Rates: 14 TeV vs. 10 TeV(@]

T
| ratios of parton luminosities : Production Rate wrt 14 TeV:
[ at 10 TeV LHC and 14 TeV LHC 1 e W/Z~70%
G 1 ettbar ~50%
S I 1+ Higgs (200) ~50%
T 06} -
> B .
B 1 2qq
g 04 =
5 1 g9
0.2 - a
| J. Sterling ]
[ pdfs: MSTW2007NLO
0.0 n aaal i et aaaal
10° 10°
M, (GeV)
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LHC will startup in new territory

=

5 10

% — gg luminosity @ LHC
1 —— qqQ luminosity @ LHC

b o —— gg ]uminosity @ 'I:evatron
. —— qqg luminosity @ Tevatron
=,

@,

o

cad e b b b b b Lo Lo aa L

100 200 399 4909 500 B0G 700 800

1 1 1 1 1 1 1 1 l
1999 2099 2000 4000 s000 5000

V5 (GeV)

At 1 TeV constituent com energy
> gg: 1 fb! at Tevatron is like 1 nb" at LHC
> qq: 1 fb! at Tevatron is like 1 pb”! at LHC
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Early and Late

Parton Luminosity falls steeply

 In multi-TeV region, ~ by g
factor 10 every 600 GeV =21
New states produced near 3

threshold o

« Suppose you have a limit on R

some pair-produced object, M

TR S N T TN T (N T NN T SN Y SO N N

> 1 TeV. How does your
sensitivity improve with more 19°F
data?
. By~ (600/2)=300 GeV =
30% for 10 times more 10-9E
integrated luminosity T R

Improving sensitivity is tough....
but you can turn evidence into an observation

1 1
24099 3000 4000 S000

V5 (GeV)

G000
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Good stuff comes early...and late.

Collider Integrated Luminosity (pb™")

104_—,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,—_
,,,,,,,, Sl B - T« R T
10° . L
/m( F *
i BB *
O 102L % Kk Kk Kk K % Kk ]
Q +* o =
— UAT orUAZ % B; Mixing =3
o ., 0 i
' 10 = . g=
= I « % ¥ a Top Discovery E
) (pub.95)
O ¥ ; ‘ |
c 1 F \AA Top Evidence (pub.94) E
= 3
510 & v =
—J
2 * -
i, I
0°F X E
~+ - W/Z Discover ]
~ v y ;
% —3
=10 [ * =
O E 3
QO - s g
4 _ar Y€— Dijets i
10 =
10_5ﬁ 1 1 1 | -L e 1 1 | | 1 1 L 1 | | 1 1 1 | 1 I 1 1 | 1 1 1 1
1980 1985 1990 1995 2000 2005 201¢
Year

SPS
e 683 GeV com and ~100 GeV mean
com partons
Tevatron |
« 1800 GeV com and ~270 GeV mean
com partons
SPS & Tevatron Discoveries

« SPS turn-on led to quick major
discoveries

* Not true at the Tevatron
SPS had a lot of data

» Already probed quite a bit higher
than the mean constituent com
energy (~100 GeV)

« Tevatron needed to ~match SPS
integrated luminosity to in order to
probe a “new” energy domain

« And then discovered top!

Early discoveries have been followed by
other important results at hadron
colliders — but these have generally
come late
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“Re-discovery” of the Standard
Model @ 14 TeV (10 TeV)
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W/Z Production EN

Expected rate uncertainties:

W ATLAS 50/pb ATLAS 1/fb  CMS 1/fb
Statistical: 0.2% 0.04% 0.04%
Systematic: 3.1% — 5.2% 2.4% 3.3%
Experimental systematic error dominated by missing energy determination
L ATLAS 50/pb ATLAS 1/tb  CMS 1/fb
Statistical: 0.8% 0.2% 0.13%
Systematic: 3.2% — 3.6% 1.3% 2.3%

W/Z theoretical systematic error dominated by PDFs (1-2%) and boson Pt

Luminosity uncertainty: 10% (at startup), 5% (long-term)

Use W (Z) production as luminosity reaction:

High Q2 — similar to other reactions (11, SUSY, &)
PDF effects cancel to a large extend in ratio of rates 0
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W/Z Production

Inclusive W=|v:

Single high-energy lepton (e, p)
Missing (transverse) energy (v)
Hadronic recoil, possibly jet(s)

%

Electron

.~l.
3 2N s g ".
| 2~ _Neutrino
Unc.icrljcing ovent T i

Hadronic recoil

Inclusive Z-171":

// Pair of high-energy leptons of
/ opposite electric charge

No missing transverse energy
Hadronic recoil, possibly jet(s)

."‘
.,v
. £, .’:
o
.'.1" o s
| A\ o~ Muon
/ = o
Underlying event \\\
] | y

B
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Example: J/¢, Y and Z N

26K Z and 0.1K backg. @ 50/pb
~200/day Z—uu @ 103

Z—uu

g2 1 [WlZ-pp
; [ arias premrary [~ [lW—uv
- S e e [ Ibb—>uu
5 ST
£ -

LIZ—1

e T :
40 50 60 70 80 90 100 110 120
m,, [GeV]
Crucial data samples for the
commissioning of the experiments

(alignment, momentum scale,

efficiencies, etc) but also for physics.

J/p—uu and Y—=uu
5000/day J/¢ and
800/day Y @ 103

R R L s AR R Rl R R R RaRRR R
C’bb—mGpAX =
1/pb B Direct onia -

B Drell-Yan

! J/'tp

.{
Bkg w/o
vertex cuts

eIV [nb/(100 MeV)]

—k
<

10°

2 3 4 5 6 7 8 9 20 11 12
Mass (GeV)
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Example: W Production Sl

W-ev W-pv
> T [ T T T I T T T I T T | T T I T T T [ J‘ (\,]O :T T I | R i | I | iRl 198 | I LI I | [zt o § I rTrT I LI I T I T I T ::
210E 3 33500 &l
S F ATLAS y e Al L =10 pb’ CMS Preliminary
2 e Oso00f " % 4
e [ n 0
g | Wy N - :
> — » A
o Tl »2500F =
o 'k E < - :
: = 22000 | -
i % @ - B QCD - u X ]
i J - T =
J §1500_‘ CuT |—11z[—»ﬂl)n< =
10'E 3 - — L ]
: | .3 1000F e ¢
500 -
10-2 L = L 13 - -
0 20 40 60 80 100 120 0 20 40 60 80 100 120 740 160 180 200
. ' . MTW [GeV] MT (GGV/C )
Starting point for many detailed analyses:
*p; boson spectrum /
*W(and Z) + multi-jets (important for searches) Very ”Ch p rog ram Of Work
+Asymmetrics Starting already at day one.
*W mass and width /
Calibration candles (in particular Z) Vel’y I el evan t f Or Sear Ch esS!
e etC
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Ttbar re-discovery & Ttbar as a tool

ut € —— Tagand Lepton study tool

w* v . .
proton <«——  Missing E; study tool
q g
b <—— B tag study tool
= ™
o " b
q { Light K b quark
proton . 1ght quar jet energy
w- 9 jet energy scale from
] scale from. M, constraint
: - M,y constraint _
3 jets with largest ) p;
* Pssudo data
- CMS Preliminary @ 10pb™ B tt (zignal)
4 jetS P> 7)) i 1t tothen
65/40/40/40 GeV 2 gl — bty
e} T [l ocD
=
W w
Isolated muon
p> 30 GeV
e, 1 W NO b-tag !!
// \ b ]
v m Simple and | e — g i
robust tt selection 0 oo dea wio | Boe

No E,miss cut

for start-up
M3 [GeV/c2]
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New Physics
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Contact Interactions with Di-jets

u;r ........................ 1‘ Signal “Over QCD”
{ | New it . % @ —— QcDGendets|  CMS Preliminary
) . '\llul‘-;--lll l ) :_ —
“r\ Territory! " 1 - T o
e LY ! s 3fF -
e W = E
{ ; S 25F 10pb-*
g w'fp | p { = F
$ il N4 LHC | 5 1sf
- r | " ] = -
r . 18 TeV / t Ted ‘c m 1:_
f v :
[ E;[TeV] } °-55
: . 0 g‘ Gen-Level Simulation
L2 Y] S I U B B
Z [ v A=15000 Gev 7500 1000 1500 2000 2500
,\; [ O A,=20000 GeV DiJet Mass (GeV)
Z kS % Aum25000 GV Small systematic due to use of ratio:
ATLAS: - ISR Di-jet Ratio = N(|h|<0.5) / N(0.5<|h|<1)
Probe A>20 TeVE ' [ * Discovery Sensitivity (CMS)
already : 10pb'  —A~4 TeV L
with 30fb-" 0.5 n . *tl+ l 100pb'1 —SA~7 TeV Significant
b Mu 1fb-1 —>A~10 TeV discovery potential:
_||||||||||\illlllw||||\|||\ 1Ofb_1 %A~15Tev eg uptOA~1OTeV
1000 1500 2000 2500 3000 |n 2008/2009

Er (GeV)
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New Physics Search with Di-jets

Contact Interaction Exited Quarks
& 4 . —~1.2r
= - —— QCD GenJets CMS Preliminary 2 s —— QCD
= 85 - —— A*=3TeV L 144 —— M= 700 GeV q*
N oF ---- A*=5TeV Nk —M=2TeVq"
o = 5 —
Z S 1; —— M=5TeVq*
% 2.55— 10pb-1 50_92_
Y E > -
£ 2F =0.8F
< .k =
.0 1.5 3 0.7 o
g : E F o
1 T 0.6F J
0.5F : L] (L]
- 0.5 JRSES, gL
0 %‘ Gen-Level Simulation 0.4 -
.0 5 : 1 1 1 I 1 1 1 1 I 1 1 L 1 I 1 1 1 1 I . E CMS Prellm'nary
. 500 1000 1500 2000 2500 0.30'||||||||||||||| 1 1 1 1
Didet Mass (GeV) 00020003000 4000° 5000 6000"
DiJet Mass (GeV)
Small systematic due to use of ratio: . .
Di-jet Ratio = N(n|<0.7) / N(0.7<[n|<1.3) Significant

Excluded A (TeV) Discovered A (TeV)
Ve 10 pb 1 100 pb 1t [ 10 pb Y1100 pb- 116
DO and PTDRy cuts | < 3.8 <:68: |£122 | <28 < 49 < 9.1
Optimized 5 cuts < 53 < 8.3 <125 | <41 < 6.8 <299

discovery potential:
e.g. upto A~10 TeV

in 2008/2009
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Di-lepton Resonances (Example Z’)

has always been the subject of (clean) searches ...

Mil

atl =T Z’—e*e  Discovery Potential
E . __p3i * * :
- M,=1.5TeV || ~chi |
[# T --eta : 3
i LR 10 ==Zy .
10 DY - ot oA etk
: ‘. ~80 Events - Z._LR =
102 o 4 in 1fb7 a
g & o 1
- 0
10 D‘\H“WUI]H 8 N
E 1 [ | | R | 5] ' { ] | |I Lu“'l‘:l‘{"!lir "xf;.’:‘.i_‘-lllrﬁ:,|:“E | o] 0 -
1000 1200 1400 1600 \_1800 2000 2200 c
E
3

S
I

Main background:

Drell-Yan: . .
M>15 Tev 2. 1 xv | 1Y. - l NN N U (SN S W S—— — —
in 1fb-1 107 1000 1500 2000 2500 3000
Mass [GeV]

Very early discovery potential with clean signatures!
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Di-lepton Resonances 9

Because of their clear signature di-lepton resonances have always
been the subject of new physics searches.
At the LHC they are predicted to arise in many BSM models:
A1ZO) (TeV-! Extra Dimensions)
G (Randall Sundrum)
. A,,.Z,, (little Higgs)

Z' new gauge boson

Gk (ADD) —*

Clear signatures: u*u and e*e" final state

o = 3 6
E E Z’ 1/fb ; g : T 1T 17T I T X N: I I 1] T I T T T T I T T :
a - —>ee 2 L
~.E-. s ’ | @ s Randall Sundrum it
3 3 > Graviton
s s Mg=15TeV _
) i 30fb-"
107 =
2l ]
10 E 1Tev Zy - Parameterzation =
F —— — Drell-Yan - Parameterization =
r 1 TeV Z¥ - ATLAS Simulation -
..........................................
500 600 700 800 900 1000 1100 1200 1300 :wdll':)gelgoo 9.3 1.35 14 1.45 1.5 1.55 1.5
M (TeV/c)
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Di-lepton Resonances (Example 2Z’) A

Because of their clear signature di-lepton resonances
have always been subject of new physics searches

SSM o 10°F Zy 5 =
Liit O - Alignment effects reduce %, Z, =
B ; " sensitivity by ~50% at the LRM
sl ) L= - early days (<100pb) Zosm -
: 8 o S i .7 7 R ““Z'N-'RM_:
~80 Events c - =
; -1 = - ]
- in 1fb = i ]
= >

gl =, N0 7/ A E
10 E Bl erw’u] -E E E
10067200 a0 7600 1,;'00%,50 2200 - i i
7 LW = 1
—d)) E S 100pb-* for M,=1TeV 3
s | |/| 1 E % _ Includes initial E
7] L g f alignment conditions |
—ZW L 0 gl _

10 -7z Main background: 2 ol
| Drell-Yan: 10" = v . Tm o4 2008?! E
<1 event for C 5 " ]
M>1.5TeVin 1fb’ - r RE
1?00 600 800 1000 1200 1400 160
1 0-2 = wu mass (GeV) 5
I NI T NI N N A Y NS AN NN HY Y N AN N A

|
3 4 5 6
Z’ mass (TeV)

|
1
Va' (GeV)

Very early discovery potential with clean signatures!
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Di-lepton Resonances (Example Z’)

has always been the subject of (clean) searches ...

Mil

atl =T Z’—e*e  Discovery Potential
E . __p3i * * :
- M,=1.5TeV || ~chi |
[# T --eta : 3
i LR 10 ==Zy .
10 DY - ot oA etk
: ‘. ~80 Events - Z._LR =
102 o 4 in 1fb7 a
g & o 1
- 0
10 D‘\H“WUI]H 8 N
E 1 [ | | R | 5] ' { ] | |I Lu“'l‘:l‘{"!lir "xf;.’:‘.i_‘-lllrﬁ:,|:“E | o] 0 -
1000 1200 1400 1600 \_1800 2000 2200 c
E
3

S
I

Main background:

Drell-Yan: . .
M>15 Tev 2. 1 xv | 1Y. - l NN N U (SN S W S—— — —
in 1fb-1 107 1000 1500 2000 2500 3000
Mass [GeV]

Very early discovery potential with clean signatures!
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SUSY: GMSB EN

SUSY breaking mediated Experimental Signature:

via gauge interactions: lepton and jets
, *missing energy from gravition

*hard photons pointing or non-pointing
or long lived staus

Example:
2 Photons & “Standard” SUSY cuts
M=500 TeV, N=1, Cg,,=1, Sgn(m)=1

@—_ ' ¢ T

s . -
29 -
40— — | =
- ] lfb.l -
- . lllph‘l: 4l
- § g : ;. ]
20— o100 ph'i I =
"y NLSP | I

] 1 A 1 A " . I | 1 i A .' A

100 150 200

A [TeV]
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SUSY: GMSB EN

Separate pointing from non-pointing photons
by looking at the ECAL cluster shape

Discovery potential
€ 24 & o[ T T —— .
| N already with 1/fb
-2.15} ""55;,’ | ! =
&% ; =[]
22- k l’?]. =R T = =1 ~ 10
; [ Moo ;_g
2251 2o L E o} A non-pointng photons
L [ ] I o
2855 0.2 0.25 03 0.35 ¥ T Y R Y T é 8 painting photons
il N s
I ié 7 *  both charnels
ATLAS ‘M shower EM shgwer “:’ 6
y 60 G¢V vy 60 GelV 2
Middle £ 5
@B LA
Front Q "
R 4 \
S | 5 e *
v 3 g =
J\ G 2 * . "
fos +* a a
‘ ::X 1
:.' 0 | | | | .
'\ ‘ 0 25 50 100 200 400
Neutralino lifetime Cx-{cm)
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GMSB

«  Theoretical framework
* renormalizable local supersymmetry
including gravity

* SUSY breaking mediated via gauge
interactions

+ depends on 6 parameters

+ spin 3/2 gravitino superpartner of the
graviton

- Phenomenological consequences

+ production as in MSSM

= can have large cross section (squarks
and gluinos produced)

* decay chains

* LSP: gravitino, mass<KeV

* neutralino or stau NLSP decaying to a
gravitino (¢,°—Gy)

= decay time can be long
- Final states:

* leptons and jets

* MET from gravitino

* hard photons (pointing or not-pointing)
or

* long lived stau

.
\
Lron wean yoke ntempenes b
wthh 830 chamoers

thesugh TMS5

Iramyerse shoe
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Heavy Stable (Charged) Particles [}

+  Heavy: « Models:
* hundreds of GeV + lepton like particles:
¢ B<1 = GMSB staus
o Stable: = Kaluza-Klein tau resonances in UED
+ ¢t few meters * R-hadrons:
+ can decay in the detector or can cross it = long lived stops in SUSY
+ we show results about particles crossing = long lived gluino in Split-SUSY
the detector - Many model considered, but model
« Charged: independent analysis
+ electrical or colour charge * no assumption, just observation of a
heavy object crossing the detector
:: 0 12 - . = ; - :’ Ghuno R-Hadkon 200 GeV
5 912 Gluino: i S o18F,
8 2 ; Gluno A-Hacdron 600 GeV
o 041 M: 200, 600, 1500 GeV § 014 *  Ghuno A-Hadkon 900 GeV
= 28 l# I~ 4:&2 ®  Guno R-Hacdron 1200 GeV
0.08 :_ - 0.12 = 3 Ghuno A-Hadkon 1500 GeV
i : 0 PR | - - 0if =
- ) ; Y ¥ i ,_!< . =at ‘ _.4’-;-' ;4' .;.
0.06— i T T 008 ...
: 5 viY _‘_:-‘— RPOR - ' v L 0,06 E__ v I-":Lv .
0.04 p v gl T o
0-02:__ b».—:“ﬂ - . : .?‘ : b ":A- 'v'?":-‘ .
2 V ot 0.02}— Vv, POEEE L. .
o :: Fo ke | i - : bt “y ‘ v '?v’!]?}"‘:""'.t.v _
I = e 1o Laa N | P | | Y
%01 02 03 04 05 06 07 08 09 R g 200 o Covie)
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Heavy Stable Particles: GMSB

Gauge Mediated Supersymmetry Breaking. Models for SUSY i D*‘c"'r_’ﬁm
breaking, alternative to mSUGRA A SUSY breaking scale
M, Messenger mass scale
SUSY breaking transmitted from Hidden sector to visible sector e Numbtﬁc:(:u}:;g:::enger
via gauge interactions (“messengers”) N multiplets
sign(u) u from Higgs sector
Lightest supersymmetric particle (LSP) is the Gravitino (m=<keV) Corav sl

light, stable and weakly interacting, possible candidate for Dark Matter

+ production: ISASUGRA 7.69

- = 2 points fr SPS line 7

tmass | 156 | 247 | |f N,>3 NLSP is the stau BENRS ot et

Nm 3 3 quasi-stable due to the smallness ' zganliﬁl)i?'ch;j:’foB%%TeV' e
A(Tev) il il of the coupling constant . stau(247): N=3, A=80 TeV, M = 160 TeV, tanp=10,
M, (TeV) 100 160 sgn(u)=1, Cyr,,=10000

Tang 10 10 = for both points:
si 1 1 » larger squark and gluino cross section than direct stau

gnix) - production

CP,, 104 104 £ o

+ Generation: PYTHIA 6.409

Table 2: Summary of the slepton NLSP sample. N5 = 3.tan 3 = 5,sgn(u ) = +, and no decay of slepton

is assumed
name NLO(LO)o [pb] | A[TeV] | My, [TeV] | Mz [GeV]
GMSBS 21.0(15.5) 30 250 1023
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Heavy Stable Particles 9]

* Muon-like signature but: Efficiency in the

e due to particle slowness, trigger and data acquisition efficiency correct bunch-crossing
may be affected:

—h
vl

barrel region

if B<<1 the event may be associated with the wrong bunch crossing

o be in the correct BC
e e
o [
ool I 1-:-8 T l T
O -

offk.:Qloncy t
&
I

o
N
LI B

¢ R-hadrons most demanding case

- direct pair production = must relies on the two R-hadrons only
- both particles can be slow i
- charge flipping (trajectory modified and neutral R-hadrons not visible) % o1 02 03 04 05 06 07 03 09 :

HLT Trigger Path Efficiencies [%]

| I 1

Key: om wm 5
Nuen

Elecwon = Chargad Hadran (e.g.Pion)
==wm=pPhoton = = = *Neatrd bodwn (eg. Neutron)

= Charged FHadron
B

MU | MET | Er | JET | Total
T 97 | ~80 | ~90 | ~70 | =99
150-250 GeV
g ~15 |~30-60|~40-95|~10-50 | ~60-95
200-1500 GeV
t ~20 |~20-40|~20-60| ~4-20 |~40-70
T 130-800 GeV
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Heavy Stable Particles: beta 9]

A

Relativistic Muon

- Drift tubes time resolution (~1 ns in ATLAS

and CMS) allows the distinction of ] -t .
relativistic and non-relativistic particles 3 -
+ drift time as parameter of the fit . - .
* realignment of the hits to give an estimate of . L
the delay |

ANon Relativistic

« Main bkg: Particle

+ tails in true muons
will be estimated with real data using Z—uun

¢+ cosmics
= strongly suppressed if DT combined with tracker

w;: ll T ] rl T T T .""1
'
f 0'E [ i
0° L= y h |
E : { ]I \ 3
w0 1 - 10’ { | =
: u ' | 1/beta
ok ~ 1betaerror | | .1/ beta : | |
: g g : i, Without cut F after cut
IOE— “‘L L]] —i 104 J % < ‘OE_ # | -
(| TJ‘“‘}““ 'Ehi r)%{ﬂlﬁﬂiﬂu& ':1||H ]ﬂhlllnlu . g "
f“ s e i HL., T T T B T+ os ''1'""is 2 '2s s B8

v
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Heavy Stable Charged Particles

..9 :l 1 aed—1 Taclel l a1 LS B | L T :

- & . CMS Prelimi g

Predicted by several models: T S Preliminayy

* lepton like \ _ ol :

«GMSB staus Properties: Z 102k 1

*Kaluza-Klein tau’s in UED *O(100 GeV), p<1 g :

« R-Hadrons ' ect few meters o f §

long lived stop in SUSY ~electrical or colour £ 10¢

long lived gluino in split-susy charge f’n; - :

F 1 3 B Gluino  |d

Measurement . - 8 Stop 1

» momentum in Tracker&Muon ATLAS similar 107 B8 GMSB stau

*3 TOF in Muon DT & dE/dx in Tracker - I|Z| KT( tauI i
o T 200 400 600 800 1000120014001600

Skt - gmtieamisetion Mass (GeV)

g:::z::;::::g:g: ‘b 3-_' ] FRNTLEE] 8L PR PRLEEL L R TN PR LR

""" SRESCE - f CMS Preliminary

§ 25 3

( 2 | :

< % 5

15F -

i ;

T osf .

. . %- 200 400 600 800 1000 1&00
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Heavy Stable Charged Particles

..9 :l 1 aed—1 Taclel l a1 LS B | L T :

- & . CMS Prelimi g

Predicted by several models: T S Preliminayy

* lepton like \ _ ol :

«GMSB staus Properties: 12— 1

*Kaluza-Klein tau’s in UED *O(100 GeV), p<1 g :

« R-Hadrons ' ect few meters o f §

long lived stop in SUSY ~electrical or colour £ 10¢

long lived gluino in split-susy charge f’n; - :

F ! 2 B Gluino k:

Measurement . - 8 Stop 1

» momentum in Tracker&Muon ATLAS similar 107 \- GMSB stault

*3 TOF in Muon DT & dE/dx in Tracker - =] KT( tauI i
o T 200 400 670 800 1000120014001600

T fdhn ——— Gwmsdisdnearon Mass (GeV)

g:::z::;:::g:g: ‘:'oszl‘l|lll|ll | L PR FELELAE

""" SRR - f CM$5 Preliminary 3

§ 25 3

( 2 | :

&t ;

15F -

i :

e osf .

. . %- 200 400 600 800 1000 1&00
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Niimber/1fh"-1

Count /400GeV/1fb"

Jets+EMiss+(1,2) | - Inclusive Search[8]]

Opposite sign di-leptons

4
10" =
10° | ‘@ thaceduts
A Welais
| w Z+Jess
[alaln]
WWWZ 22
102 R A T T S o ]

10

—

UBLLRLLL ?'Il?llll I ?‘l“l"1

il

]

300 400

Missing Et
ATLAS Preliminary

— SUSY
773 Sum of al BG
. Hbar+Jets

A Welets

V Zzsdets

M(g) = M(q) = 1 TeV,

QCD

| L=1fb"
B s 7
7 4
R\ SIS AD Vo VSIS (I 1 o ¥ 11, N | N
10 0 500 1000 1500 2000 2500 3000 3500 4000
GeV

500 600 700 800 900 1000

Number/1fb*-1

Events

10°

10°

102

10—

=

10

Same sign di-leptons

=
=
E
[
= [
|
— +h
f_, | arts
| Zidats
- ; cen
[ WWWZ 22
| T sesQussseressbsietesasensnnenenhesiesarasanes

"800 900 1000

500 600 700 o
Missing Et ¢
Good discovery potential

0 100 200 300 400

Lower statistic but cleaner than

“0 lepton”.

Analysis Strategy:

« Still worry about ttbar, W/Z jets
and QCD

» Use data control samples

» get lepton reconstruction/selection
under control
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SM Background: Jets+MET+(1Lepton)[@]

jets + 0 and 1 lepton channel

Estimate top and W background from data

'IIIIIIIFl]lIIIITIlTlIllTllTll]llTlIIlTllTllTlTIl_T:

A ¢ SU1
ATLAS preliminary ©suz
0 SU3
— SM BG
L

—

ATLAS:

control region with M; < 100 GeV
Here we have more SM events
than new physics signal

107

e OO . * Diboson
- —
oo | ATLAS

.

Events / 11b""/ 20GeV

L'l |

0 50

1 1 1 Ll I ' | X} | 1l 11l 1l
100 150 200 250 300 350 400 450 500
Transverse Mass [GeV|

Tl Inde T arel Jod Bd Lole ¥ Lot Lolo¥ deet Vol Codad o L

>
8 7+ estimated BG
S10°E - SM BG E
&k o) :
effective mass distribution in e vz i
b - 10 * single top —
control region can be used to ~ E g
predict distribution in '§ - ATLAS preliminary -
signal region (M; > 100 GeV) Woe E
i L 5

4 1

T x ‘ %
10 500 1000 1500 2000 2500 3000

ICHEP08 Sascha Caron Effective Mass |GeV| 11
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Events

“Low Mass M,” in SUSY Decays

@é\ kg Depending on the SUSY parameter
7, s space the h—Dbb production is possible

SRR AR RN AR RS RAREE RN RN RS S

b1
25j | * Signal + Background ]
—— h->bb + correct jet pamng
20 B2 —— other SUSY event =
B B smbackground 1
s /\ —— fit result i
| ‘ background fit function |

M,=116 GeV |

Replace
wswith b’s

» Separate cascade decay chain in two

hemispheres and require two b’s in one.
* 50 Signal (M,=115 GeV) already with~2fb-"’

i
1
B

005100150 200 350 300 380 ftob i0-500 0uld be the first sign of a light higgs
(GeV) but b-tagging is crucial!

|nv
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EXTRA-DIMENSION

A

Graviton

Signhatures

Eg monojet events
monophoton event
Z' like resonances

KK excitations




Curved Space: RS Extra Dimensions(@]

Randall, Sundrum, PRL 83, 3370 (1999)
ds® =g 2KVl Myy dx* dx

= dyz

Planck brane

anti - de Sitter
space

y=0

k ~ curvature

Rs = -20 k?

y=nre

Msp

you are
here

“T——TeV/SM brane

phenomenology

=k IVIPlalncok

Study the channel pp—Graviton— e+/ > <

[ Randall Sundrum Graviton: G — ee

e
n

-
o
T

- sighal+
- Drell-Yan
- backgr.

# Events (/4 GeV) for 100 o™
=) -]

FS
T T

N
T T

CFTP S

CMS: Full Simulation

and reconstruction

c=0.01

19100 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600

Mass (GeV)

:

| Discovery Limit of Randall-Sundrum Graviton: G - ee |

Coupling Parameter c

20 fb™
10 b’ 100 fb'
. Rl <
10" |- IRs| < M B
" Region of Interest e/
‘ 500 O
| A sensitivity
\ Q&‘/
\ e/
| ™,
s
‘ A = CMS - Full simulation
} ¢ /"" and Reconstruction
- ;/’ 4
10" | i

. . LA I ol Y W I
2500 3000 3500 4000 4500 5000
Graviton Mass (GeV)

500 1000 1500 2000
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Quantum Black Holes at the LHC?

Black Holes are a direct prediction of Einstein’s
general theory on relativity 4dim: R — <« 10-3m
-t s

4+n dim. : R, — ~ 10-19 m

If the Planck scale is in ~TeV region: R. = : :
. = schwartzschild radiu:
can expect Quantum Black Hole production > wd ra radt

Quantum Black Holes are
harmless for the
environment: they will decay
within less than 10?7
seconds

' Quantum Black Holes open the
exciting perspective to study
Quantum Gravity in the lab!

108
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o Black Holes Production 2

If the Planck scale in ~TeV region: can expect Black Hole production

CMS PTDR
4lwn:'!"|'"'|''"|'"'|""|""l""l""l""["":
3500F- — Signal =

- ---- Backgrounds -
3000F- 3
25005—’.., (b) —f
2000 =
1500~ <
10005 3

5001 =
X B A B S S B X X
sphericity

~ Spherical events: Many high
energy jets leptons, photons etc.
Ecological comment: BH's will
decay within ~ 10-27 secs
Simulation of a black hole Detectors, electronics (and rest
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Black Holes at LHC:

] AT RRI]]

With Large Extra Dimensions micro Black Holes (BH) could be produced
at LHC energy scale, /in (4+n) dimensional spacetime
Schwarzschild radius r .,.,, function of the reduced Plank scale M,

BH is formed if the p-p impact parameter is less than r 4.,
from semiclassical approach G (Mgy) = T riy,.,,
In case of M, ~ TeV then G (Mg,,) ~ pb —

Could be discovered with 1 fb if My < 5 TeV \E

BH with short life time, of the order of 10-12fs
BH is expected to evaporate by emission of all particle types

source of new particles !
possibility to probe quantum gravity in lab b;}
Signature -
High track multiplicity, hadrons:leptons = 5:1 |
spherical event

ICHEPOS T L 20
1 August 2008 Paoclo SPAGNOLO i
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Technicolors: p*re 2 W+Z-> 3l+v

Dynamlcal Electroweak Symmetry Breaking
ke Torce which acts on technifermions at a scale of -

Medlated by technimesons
e (8 = 0), prc and o (S = 1)
No need for the Higgs boson
Most promising channel is p 2> W+Z-> 3l+v

isolated high p; leptons + missing E;
W and Z kinematics as signature _
Background from W (V=2Z,W), Z bb, tt 0

2. M+zz
{1+ zbb
. E] + p‘:w“wo

=_T1c__|
(Ldt = 5fb™)

Nb Ev/10GeV

alniiging” 4
101100 600
M3l +v) [G

ICHEPOS L0

1 August 2008 Paoclo SPAGNOLO

1
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Higgs
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SM-like Higgs Boson @)

Precision electroweak data tightly constrain

the allowed region of m, in the SM.
WA NTED Yet, also other important models like mSUGRA

are constrained by these data:

mSUGRA fit to flavour,

DEAD OR ALIVE electroweak and cosmology data:
6 m, o = 144 GeV
! mh(mSUGRA)=110%8_,, (exp)+3(theo) GeV
AR D g 4
’ = 0.02749+0.00012 Jff AXZ s
4 ==« incl. low Q% data i ~ 2% -
3 y L
_ 3C :
2~ : - .
- 2518 =
1 = 5 (Il
0 — Prellmmary 2 %
30 100 rrh(GeV) 300 C -
15 =
NOTORIOUS ROBBER OF s e -
TRAINS AND BANKS 0(1 0 B) s l;:‘ljcd':v'(‘-kﬁ\&w)av £
REWARD Union Pa(nl'c R.anlroa(l 1 ES
THS NOTKCE TRE the PLACE of ALL PAEVIOS E
CONTACT u«mn DAVES (ouun HISSOUR! JULY 26, iesi 05 LEP Theoretically
f excluded inaccessible
0 ¥ 1 I 1 iy l = 1 L I L L LB I 1 L1 L
90 100 110 120 130 140
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SM-like Higgs Boson &Y

w A NTED Many of the popular models (e.g SM or MSSM)
require the lightest higgs boson mass to be

significantly below 200 GeV.

DEAD OR ALIVE

If the higgs boson really
exist, it is probably just
around the corner!

Concentrate on SM-like higgs search
for mh<200 GeV but the LHC covers
full phase space up to 1 TeV.

05 LEP
- excluded

= We will get an answer!

l | | W V. ‘:
n 10 mh(GeV)20

REWARD NOTICES X
CONTACT SHERIFF, DAVIESS COUNTY, MISSOURI JULY 26, 1821

Not covered in this talk:
Search for heavy higgs (e.g. MSSM)
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SM Higgs (or lightest Higgs) S

A. Djouadi, J.Kalinowski, M. Spira
1 e | | =0l

Higgs Decay channels o
« Higgs couples to m? I

- Heaviest available fermion (b
quark) always dominates 1ot o

. Until WW, ZZ thresholds open %
 Low mass: b quarks— jets; =
resolution ~ 15% _— I\ .

. Only chance is EM energy (use y i / "\|| J :

decay mode) A
« Once M, >2M,, use this - 0\

- W decays to jets or 0ol ] Ml N 3
; - 10 10
lepton+neutrino (E;™'ss) - I (GeVic?)
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CMS: Higgs Discovery Potential S

CMé, 30 ﬂ')_1 | ATLAS is similar

Significance

\ -
—TTTTT

N\ T H—ZZ-4

H—yy

\ —e— H—vyy cuts
) | —=— H-YyYy opt

/ | —— Hozzoal :
* | —— qqH, HSWW-hij| |

—o— qqH, H-tt—l+jet
—— qqH, H—yy

| EEEL , .
1I 00 200 300 400 500 6200
M, GeV/c

Bottom line: We will find the Higgs (or exclude it)!
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SM Higgs Reach - New ATLAS update

ignific

10

ATLAS
Preliminary

For 5o discovery, one needs

Lumincsity [fo™ ']
~J [+ ©

~20 fb-' to probe down to m,=115 GeV
10 fb' for my, range 127 — 440 GeV

3.3 fb-! for my range 136 — 190 GeV

Just under 2 fb-' for m, = 2m,,

120 140 160 180 200 220 240 260 280 300

m, [GsV]

Combined Exclusion CL

For 95% CL exclusion, one needs

inosity [fo”']

2.8 fb! for m,, = 115 GeV/c?

2 fb-! for my range 121- 460 GeV

Less than 2 fb' to exclude m,=2m,,

m,, [GeV]
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Important Higgs Channels X

s H>ZZ* 4| } “early” discovery channels
measure Higgs properties (mass, width, xsec
« HH>WW*—Inin 9gs properties { )

already with 30 fb-1 !!

» HHWW*—jjin / Inln in VBF| significance > 5(3) with 30 fb"
] but good comprehension of detector needed
" H-tt in VBF (jet, MET, t in lept. and hadr. decay)

= H—gg very difficult analysis with still quite unpredictable background
= ttH—ttbb at least 60 fb-! (many jets also with low p; (<30 GeV) — bad reso/eff)

» other channels (mainly associated production) can help
EXCLUDING Higgs (e.g. WH—-WWW*—WInlIn)

channel XS studied M,,

H— ZZ*—4l 5-100 fb 130-500 GeV
H— WW*—lInin| 0.5-2.5pb [120-200 GeV

w { H— WW*—ijjin | 200-900 fb |120-250 GeV

O Analysis focusing on

» improvement of the reconstruction

g H— WW*—=Inln| 50-250fb |[120-200 GeV n backgr_ and Syst_ from data
H-tt 50-150fb [115-145 GeV

H — gg 50-100fb |115-150 GeV
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H—yy O

d Photon conversions are important, , .

B WH, ZH, tH (X10)

due to material balance ininner & wf— - SMONN_jEm Goi
detectors 700 -} fla —
e 42% in the barrel, 59.5% in the =l Phep dt—mme
end cap soofd I | [ 77 _
400 [ UL ™. signal x 10 .3
 Energy Resolution " Umleps, 3
* 0.3% in the barrel, 1% in the 200
endcap 100
A Associated production allows to ° ", vy

improve s/b ratio. Both ATLAS and
CMS are studying several channels

4 “Advanced” analyses (NN,
Likelihood, categories) allow to
Improve results with low statistics
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Indirect NP Search: Bs—uu @

—
S .. i : § |
<17 LHCDb limit on BR at 90% CL | o 500 PRV |
— . T i o(m S) :
X (only bkg is observed) S L LHCb ~18 MeV — |k
a7 LHCHD > 4000 CMS ~35MeV .H....
M SN S ATLAS~70MeV
. S i : :
Expected final CDF+DO limit | & -
Uncertainty . i
10 in bkg ; 2000/~
prediction ' i
SM prediction 1000 jcomb|nat0r|al ................................. ....................... ......................
~ background 5
A SR IS -l pplaaa
4%00 5000 5200 5400 5600 5800 6000
Invariant Mass (MeV)
1 : —~p
°c i o1 0.2 0.3 04 0 Integral | Signal | BGev. | ATLAS | CDF&DO RS,
. . RN LHC ev. after | after cuts | upper upper
\4 Integrated luminosity (fb 1&:/ Luminosity ~ cuts limit at | limit at
0.05fb" to 1 . %0% | 90% CL
overtake CDF&DO 0.5fb™" for 90% T EEEEETEE
exclusion at SM value  [jomt -7 5% Toxto° IRACIaS
30 fb! ~21 ~60 6.6x10%

Early discovery possible!

CMS comparable sensitivity (or even a bit befter)
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LHC & Strings
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String Theory < LHC

The LHC can discover

? Supersymmetry in Nature
? Extra dimensions at the Terascale
? Black holes — Study quantum gravity in the lab

Recent developments

? String theory inspired models to predict SUSY phenomenology
at the LHC

> G2-MSSM models =unusual signatures (B Acharya, G. Kane et al)

> String/M theory vacua with a visible MSSM sector (Kane, Kumar and
Shao arXiv:0709.4259)

? New models inspired from string theoretical observations e.g.
hidden valley models

? AdS/CFT correspondence to calculate properties in heavy ion
collisions

? Pomeron as a messenger from the string world?

FITP Seminar O. Buchmuller
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Preferred CMSSM Parameter Space

‘LHC Weather Forecast”

100

A
=
-
(2}
o

OB, R.Cavanaugh, A.De Roeck,
J.R.Ellis, H.~Flaecher, S.~Heinemeyer,
G.Isidor, K.A.Olive, P.Paradisi, 800
F.J.Ronga, G.Weiglein

tanf=10, A,=0,u>0
jets + MET (CMS) — 1/fb @ 14 TeV

— 100/pb @ 14 TeV

900

700

— - 50/pb @ 10 TeV

/

full CMSSM
parameter space

| 68% C.L.

M
=Y
(=]
o

/
I
I

Simultaneous fit of CMSSM 300

\’
’/////
/

/

/\7

parameters my, m,,, A, tanp Z; _ .
) 1 E 6C.L.
(u>0) to more than 30 collider 200> 95% C
and cosmology data (e.g. My, 100/
Mo 9-2, BR(B—Xy), relic = 1 | 1 1 | | 1 ~ NoEwss
density) % —"200 400 600 800 1000 1200 1400 1600 1800 2000

M, [GeV]

‘CMSSM fit clearly favors low-mass SUSY -
Evidence that a signal might show up very early?!”
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Accident on September 19th N

7/~

Geneva, 20 September 2008. During commissioning without beam
of the final LHC sector (sector 34) at high current for operation at 5
TeV, an incident occurred at mid-day on Friday 19 September
resulting in a large helium leak into the tunnel. Preliminary
investigations indicate that the most likely cause of the problem was
a faulty electrical connection between two magnets which probably
melted at high current leading to mechanical failure. CERN'’s strict
safety regulations ensured that at no time was there any risk to
people....

A full investigation is underway, but it is already clear that the sector
will have to be warmed up for repairs to take place. This implies a
minimum of two months down time for the LHC operation. For the
same fault, not uncommon in a normally conducting machine, the
repair time would be a matter of days.

Further details will be made available as soon as they are known.
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