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The LHC Machine and Experiments
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pp collisions at 14 TeV
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eHigh Energy = factor 7/ Increase w.r.t. present accelerators
eHigh Luminosity (# events/cross section/time) = factor 100 increase -
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Physics at the LHC: pp @ 14 TeV

Extra Dimensions?

Supersymmetry?
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. Black Holes???

oL HC will explore directly the highly-motivated TeV-scale and say the final word

about the SM Higgs mechanism and many TeV-scale New Physics predictions

eAlso LHC will be a great machine for: QCD, B-physics, Heavy Ions, EW precision..
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The LHC: 22+ Years Already! |

CERN: 50 YEARS AND COUNTING

T|Ie life of an experiment

1984

1987

1989

1990
1992

1993
1994
1998
2000
2003
2004
2007
2007
2008
2010

Workshop in Lausanne on installing a Large Hadron Collider
(LHC) in the LEP tunnel

CERN's long-range planning committee chaired by Carlo
Rubbia recommends LHC as the right choice for lab’s future
ECFA Study Week on instrumentation technology for a
high-luminosity hadron collider; Barcelona; LEP collider
starts operation

ECFA LHC workshop, Aachen

General meeting on LHC physics and detectors,
Evian-les-Bains

Letters of intent for LHC detectors submitted

Technical proposals for ATLAS and CMS approved/LHC
Construction begins

CMS assembly begins above ground; LEP collider closes
ATLAS underground cavern completed and assembly started
CMS cavern completed

Experiments ready for beam

First proton—proton collisions

First results

Reach design luminosity

>2014 Upgrade LHC luminosity by factor of 10

1984

1984: cms energy 10-18 TeV

Luminosity 1031-1033cm-2s-!
1987: cms energy 16 TeV
Luminosity 1033-1034cm-2s-!

Final: cms energy 14 TeV
Luminosity 1033-1034cm-2s-!



The LHC Progress & Schedule

The LHC Schedule®
Crucial part: 1232 superconducting dipoles

Can follow progress on the LHC dashboard * LHC will be closed and set up for
http://Ihc-new-homepage.web.cern.ch/lhc-new-homepage/ beam on 1 SCPTmeZP 2007

LHC commissioning will take timel
e First collisions expected in

S LHC Progress Oy November/December 2007
> Dashboard N e A short pilot run
Cryodipole overview Collisions will be at injection
More than 1000 dipoles /7' energy ie cms of 0.9 TeV
o installed by now %/J 4 e First physics run in 2008
: / [// ~ 0.1-1 fb-1? 14TeV!
g7 // y/ e Physics run in 2009 +...
g . /, / //, / 10-20 fb!/year =100 fb-1/year
Yl
0 e wfﬁ Jf/u-’fn;;/ {M ——— (*) eg. M. Lamont et al, September 2006.
S R Achtung! Lumi estimates are mine, not
s e L oosames syt st g from the machine

Updated 31 Dec 2006 Data provided by D, Tommasini AT-MCS, L. Bottura AT-MTM 6



Last Dipole #1232 delivered (27 Nov)

Installation of dipoles on schedule: Last dipole installed ~ Feb 07




Magnet Installation Progress —
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L. Evans: Presentation made to the Open Session of the
LHC Machine Advisory Committee, 7 December 2006



- LHC installation ...

-+ 1/8 sector ready to be cooled down early 2007 (Jan 15)
+ 4/8 sectors installed
- 2/8 in progress
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One of the triplets at point 5

ﬁfﬁ% o I
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Some problem encountered in the
heat exchanger of the inner triplets
during the preparation of the octant
cooldown tfest

—Cannot support the pressure in the
event of a magnet quench

— Needs to be fixed



MAC: Conclusions and Milestones

A solid and confirmed progression of transport, installation interconnection
rates as well as of quality assurance (mechanical, electrical, etc) and
commissioning. The first sector (7-8) was pressure tested on Saturday-Sunday
November 25. Some problem was found in the inner triplet but the whole arc
was fully commissioned.

The CERN has shown its ability to solve the various production and installation
problems (e.g. DFB) it has encountered; the present ones (collimators) are
being addressed and solved.

The engineering run at 450 GeV for 2007 remains a top priority. However, to
achieve it, the inner triplet problem must be solved quickly.

L. Evans: 7/12/06
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LHC Startup Schedule 2007

M. Lamont
5 2 i s e Y W B
~ ~ _— N 150 Ge\
NN a2 MM
Qct ACCESS TESTS
Operations testing 450 Gal/f
HWC
Nov
Eeam Commissioning at 450 GeV
16 days beam time estimated
Dec
Calibration run {Collisions st 450GeV + ramp commissioning etc.)

+ st September 2007: Experiments
closed: Startup LHC machine

* Beam commissioning with single
beams

* December 2007: ~3 weeks
collisions (“calibration run”)

« E,=450 GeV (injection energy)
* L~1022 cm2s1

ks,
I, (1020

B (m}

intensity per beam
beam energy (M3
Luminasity {cm-2s-17
event rate WkHz)

W orate £ { per 2<4h)

Zrate (per Z4h)

Ma<irmurm

Hrasonakb e

Several days
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..In less than one year from now...

111 CERNAB 31-11-07
LHC Run 1234 data of 31-11-07

12:20:26
12:20:16

— *% STABLE BEAMS *% —
E =0.450 TeV/c Beam In Coast

Beams Beam 1
#bun 43
Nprot(t) 1.71el2
tau(t) h 121

Beam 2
43

1.73e12
140

Luminosities ATLAS ALICE CMS

L(t) 1e28 cm-2s-1 5.23 6.23
/L(t) nb-1 0.78 0.68
BKG 1 1.20 0.52
BKG 2 0.85 0.82

COLLIMATORS in coarse settings
Separation Scan in IR1/Atlas

Watch the television monitors...

713
0.78
0.90
0.50

05h

LHC-B
5.21
0.52
043
0.80

Helmut Burkhardt
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Staged Commissioning for 2008

Stage I: “Pilot physics” ~1 month, 43 bunches, no crossing angle, L<1032 cm-2s-1
Stage ll: 75ns operation, push crossing angle and squeeze, L<1033
Stage Ill: 25ns operation, nominal crossing angle, L<2*1033

Hardware Machine Beam 43 bunel
commissioning checkout commissioning N Shut down

7TeV 7TeV 7TeV operstay

Mo beam

Machine nstall
Shut down checkout Beam Phase Il

setup

TTeV and MKE

No beam
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General Purpose Detectors at the LHC

e —————
ATLAS A Toroidal LHC ApparatuS CMS Compact Muon Solenoid

e Central tracker
e EM calorimeter

e HAD calorimeter
e Muon Detectors

Trigger: Reduce 40 MHz collision rate to 100 Hz event rate to store for analysis



@KAWASAM

HEAVY INDUSTRIELS, LTO.
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ATLAS & CMS Detectors

ey

Thmy =3

November 2006
*ATLAS barrel toroid magnet
reaches full current
‘ATLAS barrel tracker installed
(TRT connected)

‘Endap muons being installed

All CMS tracker elements at CERN
(integration ongoing!)

CMS lowers first detector into
cavern (forward calo)

Lowering now on weekly basis

.

2006

CMS cavern,




Heavy lowering: CMS parts going 100m down,
30 Nov: Y\\E+3 leaves SX5 and 11 hours later touches down safely in UXC
The first force studied carefully by CMS is Gravity

20



T — S—
Continuing...

YE+2
endcap disc
12.12.2006
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First cosmics have been registered in situ for barrel chambers

In December 2005 in MDTs and in June 2006 in RPCs

ATLAS Atlantis Event: JiveXML_1008_00001_new Run: 1008 Event: 0

22



-!m Test and Cosmic Data Challenge ..

B | Full 4-Tesla field reached in
- oy, August 2006!

The "gold plated” event going
through all central detectors
and read out by central DAQ

v tracker,

" v HCAL (top and bottom),
v ECAL,

v Muon Chambers

magnetic field of 3.8 Tesla

> 2000106 cosmic muons taken
~ during the cosmic challenge
August-October

Detector worked very welll
Excellent prospects for 20071




Detectors at Start-up in 2007

(2] Which detectors the first year 2

RPC over [n|<l.6 (instead of |[n|< 2.1)
4™ layer of end-cap chambers missing

Pixels and end-cap ECAL
installed during first shut-down

Detectors progressing well and

. . TRT acceptance over |nl< 2
will be fairly complete at start-up | ;nsreqd ﬂf Inle 2.4) "

Both experiments:

deferrals of high-level Trigger/DAQ processors
- LVL1 output rate limited to
~ B0 kHz CM5 (instead of 100 kHz) =
~ 40 kHz ATLAS (instead of 75 kHz)

Impact on physics visible but acceptable

Main loss : B-physics programme strongly reduced (single p threshold p> 14-20 GeV)
24



Detector performance

Expected Day O Goals for Physics
ECAL uniformity ~ 1% ATLAS <1%
~ 40/0 CMS
Lepton energy scale 0.5—2% 0.1%
HCAL Unifor'ml.fy 2—3% < 1%
Jet energy scale <10% 1%
Tracker alignment 20—200 um in Ro ¢(10 um)

25




Start-up Physics: 2007
oy i

(machine plus detector)

Trigger and analysis
ATLAS preliminary | | Vs =900 GeV, L = 10%° cm2 s efficiencies included

| Jets pr > 15 GeV

| (b-jets: ~1.5%)

Bl Jets p. > 70 GeV
i J |

! - F. Gianotti/ICHEPO6

Number of events in ATLAS after all cuts

. | . [ 100nbt] . : o .
o2l b i b i 1) | + 1 million minimum-bias/day
0 5 10 187 20" 28 T80 a8 40

Number of days of data taking

m Start to commission triggers and detectors with collision data (minimum bias, jets, ..)
in real LHC environment

m Maybe first physics measurements (minimum-bias, underlying event, QCD jets, ..) ?

@ Obser‘ve a few W—:- Iv Y —uu, J/p — un ?

=T =T T e e
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Start-up Physics 20 -

: : : : -1
With the first physics run in 2008 (Vs = 14 TeV) .... 0.1-1fb
1 fb! (100 pb1) = 6 months (few days) at L= 1032 ¢cm2s™!
with B0% data-taking efficiency
Channels (examples ..) Events to tape for 100 pb! | Total statistics from
(per expt: ATLAS, CMS) some of previous Colliders
W—=nuv ~ 109 ~ 104 LEP, ~ 10® Tevatron
Z >up ~ 105 ~ 106 LEP, ~ 10 Tevatron
tt =WbWb—=nuv+X ~ 104 ~ 10% Tevatron
QCD jets pr>1TeV > 103
g2 m=1TeV ~ b0

With these data:

* Understand and calibrate detectors in situ using well-known physics samples
eg -Z—>ee, uu tracker, ECAL, Muon chambers calibration and alignment, efc.
-tt —=blvbjj  jet scale from W — jj, b-tag performance, etc.

* Measure SM physics at Vs =14 TeV : W, Z, t1, QCD jets ..
(also because omnipresent backgrounds to New Physics)

— prepare the road to discovery ... it will take time .. . -

F. Gianotti, IC



dN,,/dn

Early Soft Minimum-Bias Measurements

The pile-up for the future: ~4 events
at low and ~20 events at high luminosity

Charged particle density

o

: T

———  Pythio6.214 (CTEQSL,tuned) s 7 PYTHIAG.2 14 (tuned) /

...... Phojet1.12 {GRVO4L) . PHOJET1,12 (default) )

LHC predictions :E; 5 -
3 I e S T T T T E T T T T Cums e swemsocm LHC?
5 O CDF 630 and 1800 GeV
5
\ 4
5 3
2 2 oA
NSD dota - - 0.023In(s) — 0.25In{s) + 2.5
® CDF (1.8 TeV)  D.27In(s) — 3.2
! O UAS (200 GeV) 1
°o 1 2 3 4 5 6 7 0 . e e
n
Vs (GeV)

Energy dependence of dN/dn ? « PYTHIA models favour In2(s);
Vital for tuning UE model « PHOJET suggests a In(s) dependence.

Only requires a few thousand events.

At 14 TeV startupl!

28



Likely one of the first papers...

1 August 2008

Charged particle multiplicity in pp collisions at
Vs =14TeV

CMS eollaboration

Abstract

We report oo a measurement of the mean chacged pacticle multiplicity in minimuom bias events, pro-
duced in the cental region |g| < 1, at the LHC io pp collisions with /s = 14 '1eV, and recorded in
the CMS experiment at CERN. The events have been selected by a minimum bias trigger, the charged
tracks roconstructed o the silicon racker and o the muoon chambers, The track density 15 compared
to the results of Monote Cado progeams aod it is observed that all models fail deamatically o deseribe
the data.

Submitted to Enmpean Jowmal of Physics

29
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Underlying event studies

Chglet #1
Direction

MC comparison for two different

Pythia tunes of multiple interactions:

- PY ATLAS

- PY Tune DW by R. Field fitting
CDF Run 1 and 2 UE data

and HERWIG

- Ml energy dependence parameter
PARP(90) = 0.16 (ATLAS), 0.25 (DW)

- ,o0fter” charged part. Spectrum for
ATLAS tune

;__—#

"Transverse"” Charged Particle Density: dednd¢I

o P

tn

Y ATLAS Generator Level

ol LY

-‘g’ o | PY Tumne DW 14 TeV

a ; .,

3 -

;1.5 3

@

£

=

F I I A i

s . e ===

> - -

wn - -

E 0.5

!.: ~ ¥y  mm===T L, Leading Charged Jet (|n|<1.0)
! HERWIG | Charged Particles (|jn|<1.0, PT=0.5 GaV/c)
_________ —

0.0

75 100 125 150 175 200

1] 25 50
Pt> 0.5 GeV/c PT(charged jet#1) (GeV/c)

B "Transverse" Charged Particle Density: dN/dndd
4

PY Turse D'nlﬂ
.-..___'\_1-:\::?::-L

Generator Level
14 TeV

- -
-
-----
-
-
- .
- -

0.3

*Transverse" Charged Density
[=]
[=]

Leading Charged Jet (|n]<1.0}
Charged Particles (Inl<1.0, PT=0.9 GeVie)

0.0

Pt > 0.9 GeV/c |

1] 5 100 125 150 175 200
PT(charged jet#1) (GeVic)

These ideas have been pioneered at the Tevatronl!

30
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Underlying events in Drell-Yan -

Mean Pt sum density (without 8 25FTTTITTIITT
u's) for: £ -
-Pt>0.9 GeV/c a o B
-Inl < 1 | :
vs. Inv. mass of Drell-Yan y pairs
1.5 }I J T i
Reflects the UE activity in the ; + |. | il: ‘4 % 1L
event /,TH} %”‘ [f]9 * ]
full circles: generator level [ :;l | S
05F 1 D ‘;ﬁ;
| | | | D | | _

open circles: reconstr. level (uncorr.) 20 40 60 80 100 120 140 160 180 20!
m,, [GeV




probabilicy d/dn

Measurements for hadronic models

LHC: minimum bias measurements (2)

This is of substantial interest for the cosmic ray community
Multiplicity distributions (p-p at |4 TeV CMS)

I|IIII|IIII|IIII|II.II|IIII 1: | | | | | II|IIII|II_II|IIII|IIII:

[ QGSjetdl —— 1 QGSjerdl —

- SIBYLL 2.1 1 SIEYLL 2.1 ]
DPMJET 3 -----—- |

neXus 3 - -

.01 _ 0.1 E

0.01 |

probability d/dn

0.001

0.001 |

U.Uﬂﬂ'l ....I....|....|...|.:-1'|"...=“Ei|.... “-'DEH:I]. ....I....|....I....I....I....I....I....I....i....
] ] 104 150 200 250 300 0 E I 15 w2 M 3 40 45 E0
multiplicity n multiplicity n
Central detector (-3 <1 < 3) Forward detector (5 <n<7)

[Even simple distributions are very interesting]
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E.g.

-5
10

da/dE, [nb/GeV]

—
=
i

H
o
v

—
=
'
[
—

..and a whole b-physics program

QCD Studies @ LHC

Jet Physics

Huge cross sections:
Eg for 1 fb-! ~ 10000 events with E> 1 TeV

;__—‘

100 events with Ep> 2 TeV

® 0<n|<1

o l<|n|<2

A " 2<|n|<3

% — NLO QCD
R

\l.I|IIIIr|r Illﬂfll

-

0 1000 2000 3000 4000

E, Jet [GeV]

e PDFs

e Jet shape

e Underlying event
{ (Xs

e Diffraction

e BFKL studies

e low-x

e New physics?

*_I

eUnderstanding QCD at 14 TeV
will be one of the first topics
at LHC

33



Initial Di-jet studies

- Expected no. of events and trigger efficiency for different trigger thresh.
- lterative Cone, R=0.51in (n,p)
- Dijet mass m = \/(E-l + Ey)2 — (P + P)?

- Corrected using MC calibration technique Fully eff. dijet mass cuts
Z 10° L —=— High: PT>250 o 4
8 E& -ﬁ-_ —5— Med: PT>120 ‘ o 1: |
Em‘* . %D .'-. —«— Low: PT>60 % U.g:_ o
— - 1* Er' ._. r i
§1ﬂﬁ .T o, Trig for L=10" sk ¢ o
£ f Y L 100 pb’ °C 330 670 1130 1800 3
< S e C LI + only at high L
w 10? s o - 0.7
g= ‘ o, ., : —e— Super: £1>600
% s D}G - - —a— Ultra: PT=400
§ 10 . -u-_Dn - _ 0.6— ; ' —=— High: PT>250
[ + “a o . - —&— Med: PT>120
PR 11 I P I I I PN IS U BRI o5t 1 b ) ——
500 1000 1500 2000 2500 3000 3500 4000 4500 500 1000 1500 2000 2500 3000
Corrected Diiet Mass (GeV) Corrected Diiet Mass (GeV)

CMS PTDR
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Dijets

;____-4

- Measurable x-section, to be compared to models of new physics
- Alternatively: Dijet ratios for diff. n regions, angles
- Systematic uncertainties: - Abs. jet energy scale (£5%)
- PDFs (CTEQG6.1)

- Calorimeter smearin

liet nj<1 .

—e— Super:PT=600
—&— Uitra:PT>=400
—=— High: PT=250
a— Med: PT=120

I ]

| I | T i & | | I T i3 i I i i | I i1
1000 2000 3000 4000 5000 6000 70OOO

Corrected Diiet Mass (GeV)

Fractional Uncertainty on xsec

S o o o

o i

esolution
: I T T I T T T T N
Syatamal ~
8 ‘ Eirgn:as.f;e I5%%) _____f’"f =
H |- POF (CTEQ6.1) -
G| Resoltion —
4 - E
2f B
-ﬂ :.: ................. :
ok B
af _H
6 _Error Bars are Statistical Uncerdainity for 108" ] 1
gt -

11 I 1 1 1 1 II IIIIIII L 1 1 11 11 L1 1 1
1000 2000 3000 4000 5000 6000 7000

Dijet Mass (GeV)
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Top quarks

Example of initial measurement : top signal and top mass

* Use gold-plated tt — bW bW — blv bjj channel
* Very simple selection:

ATLAS

-- isolated lepton (e, u) pr> 20 GeV 300 | L‘.E‘“ |
—- exactly 4 jets py» 40 GeV 250 !

-- no kinematic fit 200 | 1 |
—— no b-tagging required (pessimistic, m/ R HH’r{hm{hH{H}H

11 160 pb™* ( < 1 week ot 1047)
|

* top mass to ~7 GeV (assuming b-jet scale to 10%)
= get feedback on detector performance :

My, Wrong > jet scale ?

assumes trackers not yet understood) ol n 1 t%*}m’fﬂl{ﬁ {
: : . . b e,
* Plot invariant mass of 3 jefs with highest pt : HE' Seg-s™ 000 :-'J'EI,,,“ ':Iﬁﬂjlﬂ
*E At T BoWed jets (ALPGEN MC)
I:ll.'.l- 50 - 1I!Il.'.l '1;0 200 E:I-tl ‘.'II!ID a:'m 440
Events | Stat. error | Staf. error
M (jij) GeV
Tme ot 109 | sm, (GeV) | bo/o il
1 year 3x105 0.1 .2 %o _ — _ _
; = top signal visible in few days also with
1month | 7x10¢ 2 4% : . .
— simple selection and no b-tagging
1 week ex107 - 2.5% » cross-section to ~ 20% (10% from luminosity)

gold-plated sample to commission b-Tagging
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Higgs Physics

— What is the origin of Electro-weak Symmetry Breaking?
= If Higgs field at least one new scalar particle should exist: The Higgs
One of the main missions of LHC: discover the Higgs for my< 1 TeV

TNk The only Higgs
: t sighted so far
il o(pp—H+X) [pb] ) _
U Vs =14 TeV
M, =178 GeV

CTEQ6M

wll a2n  q§ —HW
"u-..___‘_‘___:.\

3 F "=

10"k > HI
.. §8qqHI

R Brout, Englert
10 F T

- qq—;ﬁ?
I{J |||||||||||||||||||

0 200 400 600 800 1000
My, [GeV]
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SM Higgs Search Channels

;_—‘

Low mass My S 200 GeV M. Pieri -
Production | Inclusive | VBF | WH/ZH | ttH i v At
DECAY : \ S ———
H- 7y YES YES |YES YES o i
H - bb YES YES N e E\ / ]
A
H- 1t YES - / \\ E
E \ ]
H > WW* YES YES | YEs i vzf\ it ]
I N
H- ZZ*, 7> e, (=e,u YES D I_/f1 02 — MH\ (GeVic?) s
bb I
H- Zy,Z - ¢*t,t=e,y | very low o o Ww
2z

Intermediate mass
(200 GeV £ My <700 GeV)

inclusive H - WW
inclusive H - ZZ

High mass (My 2 700 GeV)

VBF qqH — ZZ — €8vv
VBF qqgH — WW — £vjj

H— yvand H —» ZZ* — 42 are the only channels
with a very good mass resolution ~1%
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Events/500 MeV for 100 fb~1

Higgs Searches
Low M, < 140 GeV/c? Medium 130<M, <500 GeV/c? High M, > ~500 GeV/c?

Y A jet xy It
H zf *
p P p H p Z o

—b.i— —» @ —— P H.
u ./Z +./z
Y /XH. ‘e/\'e_

8000 :‘11_‘1 o 25 H= zzr sete ete m,, = 130 GeVic® = e
| H— vy o P cus = = oo 8 | H>2Z2Z — jj
3 - my, = 170 GeVic® @
B o o
7000 ~ 20— ZZ' v 1i+ Zbb ~ g5
- - s [ — Signal
e [ f . _ Bkod
6000 | Higgs signal T b o |
s [ Q
« L o 3L
5 1o I
5000 i — 2]
- w
° <1l
4000 ’V S
) SRR rifiars Y i B .|....|...‘|....|ﬂ L | I_ll—ll , ‘
! " ! . 100 110 120 130 140 150 180 170m4:?£w;c 200 200 600 1000 1400 1800

H (150 GeV) — 2929 — 4p
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Discovery Potential

Significance for SM Higgs

; [
MH:130 GeV for 30 fb! %500}.
New elements of CMS-PTDR 2006 analysis: & 4““1
- Cut based analysis 3001 |

- Split into categories depending on

Hoyy

Signal x 10

photon reco quality and position r ,_

* Usage of LLR for discovery, systematic
- Optimized analysis™*

- NN with kinematics and g isolation

- s/b per event

e —————

73 Higgs M,=140 GeV (x10) |
[ Higgs M,=130 GeV (x10) |
[ Higgs M,=120 GeV (x10) —
= Higgs M,=115 GeV (x10) |
[ ee Drell Yan

O jets py,q > 50 GeV |
[1 y+jets (1 prompt y + 1 fake) —
[ y+jets (2 prompt v) |
[ vy box

[ vy born

0 100 110 120 130 140 150 160 170 180

M, (GeV)

Final tracker— all materials
More complete backgrounds

CMS CMS PTDR ATLAS
ECAL TDR

NLO NLO NLO |TDR (LO) |New, NLO |New, NLO
count. exp |cut based |optimized™* Cut based | likelihood
~7.5 6.0 8.2 3.9 6.3 8.7

= Still the most promising channel for the low mass Higgs
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SM Higgs boson discovery and mass measurement

‘—

— T T T T

-

' \ ./ 3
I / [ —— Hoyy

CMS, 30 fb”

stat. error only

o
P T s
/!—ig<<
\
| \l\ [
AM,, / M, %
I

N

Luminosity for 56 discovery, fb

3 i —e— Hoyy cuts . o HZZ 4l
—=— H—yy opt
1= —— H=ZZ >4l - o P L ‘ |
i 4 —=— HoWW=2I2y . 10 100 200 300 400 500 690
SRR ! ! | | T MH,GGV/C
100 200 300 400 500 Bé)o 140F CMS full simulation, L=10fl" |~ Sinst+sackgrauna
MH’G eV}"C 120: H— WW— 2, my=165GeV [ ]anosekgrounas
C MNLO cross sections I:lww
. . 100F [
Discovery with ~1 fb-1 Iy R
% i ‘;

60 All selection cuts _

Very detailed studies 40?“ H 12 GV <y <40GeV 3
on SM backgrounds |
and related systematics

CMS Physics TDR % 20 40 60 80 1{:-012014015041):80 41
It

201 +++ E
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Central Exclusive Higgs Production

e ————
Exclusive central Higgs productionpp—>pHp : 3-10fb SM
>100 fb MSSM (high tanp)

b 'J et Khoze-Martin-Ryskin
/ + many other groups

gap = gap
< > ’rl
p W p
\ b-jet |M;=(p+p-p-pP)’

AM = O(1.0 - 2.0) GeV

A way to get information
dipole on the spin of the Higgs

=/ &) —ADDED VALUE TO LHC
: .._'_..‘..".'_‘_'---- e

o FP420 R&D Project
roman pots roman pots http://www.fp420.com
42




0 fb!

Signal Significance for 3

;__—A

g L dt=30fb" = ¥y S | 4
J = = ttH(H — bb I g
E (no K-factors) 4 : 1_. zz™ }_, 41 % CMS! 30 fb
§3 ATLAS H - ww™ o vy O A f \ -
= 10° “ qqH — qqww" = — ™~
g 4 qqH — qq7T - -
E%n Total significance 9 10 ___ \ ]
g ]
with K factors ™\
_ I —e— H—yy cuts |
10 % | —=— Hoyy opt
—— H-ZZ—4l :
—a— HHWW—212v
—— qqH, H->WW-slvij| |
—e— qqH, H—tt—l+jet
—— qqH, H—vy
] | |

I EEEEEEN . ;
' 100 120 140 160 180 ]IOO 200 300 400 500 ESEEJO
m (CaV/ie™)
M . GeV/c

ATLAS h—vyy sensitivity is now comparable with CMS
CMS t1H, H—bb does not have even 36 with 60 fb-!
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What can the LHC do?

» LHC will discover the SM Higgs in the full region up to 1 TeV or

exclude its existence with O(10) fb! or less. If no Higgs, other
new phenomena in the WW should be observed around 1 TeV

The LHC will measure with full luminosity (>100 fb-1)

- The Higgs mass with 0.1-1% precision

- The Higgs width, for m> 200 GeV, with ~5-8% precision

- Cross sections x branching ratios with 5-20% precision

- Ratios of couplings with 10-30% precision

- Absolute couplings only with additional assumptions

- Spin information in the ZZ channel for m;>200 GeV

- CP information from exclusive central production: pp—pHp

.=will get a pretty good picture of the Higgs @ LHC
More detailed information at an ILC



Beyond the Standard Model

New physics expected around the TeV scale =
Stabelize Higgs mass, Hierarchy problem, Unification of gauge couplings, CDM,...

Supersymmetry Extra dimensions
EXTRA—DIKENSION
. :" + ’/Gravitoi
T % j "
‘: N “ “,‘V gl‘g .e
as,\ by eee-- X5 P © X

\1+ A %‘
\ . ‘7% H O
- T a P UNIVERSUM 3brane

+ a lot of other ideas...
Split SUSY, Little Higgs models, new gauge
bosons, technicolor, compositness,.. 45



Ear'ly discoveries? E.g. Di-lepton Resonance

wReconstructed with -
initial misalignment
Lf we are lucky:
a signal could be

seen very early on

First months of operation

Events/50 GeV/0.1 fb”

Poo 600 800 1000 1200 1400 160
up mass (Gev)

‘ Example : The Di-lepton chunnell\_ EI
“ / N[ o
(New gauge bosons) (ADD)
An, Zy y1)/Z()
(Little Higgs) (TeV-! Extra Dimensions)
G(1)
(Randall-Sundrum) 1)




- Supersymmetry .

Msp(GeV) o (pb) Evtslyr
500 100 °

SUSY could be at the

rendez-vous very early on! 1000 1
2000 0.01
ATLAE aAtlantis  Luenk susyrsen
1 10fb-1
- n m?x{ %_ ﬂ‘] i === (high) Pt jet fb
min (g.q) -
| l ——
£ Y Y ,l, -;—_:_’—: jet
X1 (missing) \$mm Therefore:
Higgs-=bb SUSy One Of The
o priorities of the
event topologies of SUSY " "
search” program
multi leptons
E..+ High Py jets + b-jets
T-jets

Main signal: lots of activity (jets, leptons, taus, missing E;)

Needs however good understanding of the detector & SM processesl!
a7



Missing Transverse Energy

not for amateurs

EFFECT OF THE CLEAN UP CUTS ON THE MET DISTRIBUTION

CDFEF Run 11 Preliminary, 254 r:\uh'i :I Before basic ¢ tS
Hl . Ic cuts

~ After3 jets cut

=

L
Q
S8
8

=
Lul

1L =
100 200 300 400 suu 600 700 800 90D 1unu
E; [GeV]

® missing energy + multijets among the most
challenging searches at Tevatron Runs | and I

Tevatron experiencel

Clean up cuts: cosmics, beam halo, dead channels, QCD .8



Low mass SUSY

CMS EI™° + multijets, 1 fb”

10—:

Normalizing
Z—vv Eqmiss

to Z—uu
using data

Detailed Simulation: Missing E; —

Missing E+

is a difficult
measurement
for the
experiments

CMS Physics TDR

— mSUGRA LM1

— Zinv+tt+EWK

Signal over
background

in EyMiss for
the LM1 point

1600
V)
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SUSYBSM: Inclusive SUSY searches

Searches based on different signatures

1000 —
E_Tj LSP tanﬂ = 1[].. A{) = D, '_l =0 CMS

= with systematics )
= _ eV 3

800 — ~m,=120Ge7 1ib

700 — \— -~
C Jet+MET

600 — — —  L+jet+MET] S
- — . SS2n &

WEN. T Sl e I

s00 L j'f';'_-,—--_’."" S ——— Higgs E
=il B

300:} - - ~ - _-__._- -__\..-._\:‘--'.‘a_ S — TDP
Em,=114GeV = = = 3 7= - N

200 — ~

100 :—m'r. =103 GeV
= NO EWSB
— 1 | 1 1 1 | 1 1 | 1 1 1 I 1 1 I 1 1 1 | 1 1 | 1 1 1 | 1 1 1 I

200 400 800 1000 1200 1400 1600 1800 2000
%
m, (GeV)

Low mass SUSY(m

gluino

Time for discovery determined by:
eTime to understand the detector performance, Etmiss tails,

jet scale,lepton id

CMS PTDR

1
2000

1000 —
000 E_’E’ LSP tanﬁ =10, AO =0, p > 0 CMS
= with systematics )
= ) vV ;
800 — ) _““jn_-_'?o_ Gel 10fb
= s
700 — \— — e
= _ ——— |et+MET
600 — \ . T _ — —  u+jet+MET|
= - — T — T | — . 8521
sp0f— Y L N — ---- 0s2]
— . et mamn. )
- il - ) R B 21
a0 . ___.-""-=--% -t . RECTETE Higgs
= ! Tl [P vl
— e i, =-al.
aaa :. - - - '___ -j T, - [ —— tcp
Em, = T14GeV == kit I NPT RPPPPLD trilept
200— X
JooE M = 103 Gey <= T =G
= MO EWSB
Ca 1 1 | 1 11 | 1 11 | 1 1 | 11 1 | 1 11 | 1 11 | 1 1 1 11 | 11 |
% 200 400 600 800 1000 1200 1400 1600 1800
m, (GeV)

~500 GeV) shows excess for O(100) pb-!

eTime collect SM control samples such as W+jets, Z+jets, top..
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Early SUSY?

e —————EE
F. Gianotti, ADR et al.

Example of “early” discovery: Supersymmetry ?

If SUSY at TeV scale — could be found “quickly” ...

* large

- spectacular signatures (many jets, leptons, missing E;)

M (TeV)

q.2

cross-section — = 10 eue:n‘l'sfday

2.5

CHuine mass (TeVic )/ XM X1 Thrsshold (T4

15

05 (-

thanks to:
at 1032 for m(q.g) ~ 1 TeV

Something to
watch for the
ILC..

Our field, and planning for future
facilities, will benefit a lot from quick

determination of scale of New Physics.
E.g. with 100 (good) pb! LHC could say
if SUSY accessible to a <1 TeV ILC

ATLAS + CMS

1 10 100
Luminosity/expt (fb1)

BUT: understanding E{™sS spectrum
(and tails from instrumental effects)
is one of the most crucial and
difficult experimental issue for
SUSY searches at hadron colliders.

=
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Sparticle Detection & Reconstruction

B ——— |

Mass precision for a favorable benchmark point at the LHC my=100 GeV
LCC1~ SPSla~ point B’

hep-ph/0508198

Gev LHC
a > )t i\mﬁ 4.8
Amge 4.7
i\.-mié 51
&-mgﬁ_ 4.8
E - Am;, 5.0
7 Am,  5-8
" ‘ Amg 87

o Amg, 7-12
°l D. Miller et al Am@u 7.5
M(e*e )+ M(up) —Use shapes &m;_;z 7.9
0264050 80 700120340 160 383200 Amy 8.0

M(e"e)+M(u"w) (GeV)

m, .= 250 GeV
Ay=-100

tanp = 10
sign(u)=+

Lightest neutralino — Dark Matter?
Fit SUSY model parameters to the
measured SUSY particle masses to
extract Qyh?2 = O(10%) for LCC1

dN/dQ, n*

0 0.0250.050.075 0.1 0.1250.150.175 0.2 0.2250.25
o,

Higher precision with ILC data,
See LHC-ILC report
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Large Extra Dimensions

ADD: Arkani ~Ahmed, Dimopolous,Dvali

—L = _ 19
Problem: W = CpvD) 246 Gey H Mp, = \/— =1.2-10" GeV
String Theory Inspired

Assume the world we see is in 4 dimensions but that gravity can
expand in 4+6 dimensions. Extra dimensions have size R (mm to fm)

EXTRA-DIMENSION

A
’/Gravitm\l
gl% E (\“’e(\»'\\()(\

2} X S
4 S Planck scale in

UNIVERSUM the TeV range?

| ——+ —
@mm)y?t1R M+ Mpianck
Curled up... o
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Evemnts / 20 Ge¥Y

Ex‘l'r'a Dimension sngnals at the LHC: ADD _

ADD: Arkani ~-Ahmed, Dimopolous,Dvali

Graviton production!
Graviton escapes detection
q G 9 G

Signal: single jet + large missing ET

> ® 14 Tev, 100 b~
= D 14 Tev, 1000 b
we =2 M=7Tev Z 30 iD.28 S e
: ) © i 28 Tev, 1000 fb™'
05 % &;
g H wew we =
wil % O e 20
e -
B % o 10 L
, % : ‘ .
02 % L :
o §;
1 |]I 200 200 111} G000 1000 I'|ﬂ]|]I I I'|4I[I] i 1|ill]]I I 1“]] 2000 6
E, miss (Gey
e Test My to 7-9 TeV for 100 fb-?
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What if Planck Scale in TeV Range?

| - Schwarzschild radius | qujsbergﬁ?imOPoulos
iddings, Thomas

: 2 M
4-dim., Mgravity: Mpianek  Rs ~ iE CZSH R, — <« 10-3¥m
P
1
4 + n-dim., Mg, = My~ TeV R, ~ 1 [ Mgy |ma R, — ~10-19m
I\/ID I\/ID
Since My, is low, tiny black holes | o
of Mgy ~ TeV can be produced if 'Ri -/
partons ij with Vs; = Mg, pass at a i, R8s/

3-brane

distance smaller than R

- Large partonic cross-section: o (ij —» BH)~ n RS?
‘0 (pp — BH) is in the range of 1 nb -1 fb
e.g. For My ~1 TeV and n=3, produce 1 event/second at the LHC

- Black holes decay immediately by Hawking radiation (democratic evaporation) :
-- large multiplicity
-- small missing E } ‘ expected signature (quite spectacular ...) ‘
-- jets/leptons ~ 5
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Black Holes production

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

Simulation of a black hole event with Mg, ~ 8 TeV in ATLAS an% ~1TeV

~ Spherical events
Many high energy jets
leptons, photons etc.

Ecological comment:
BH's will decay within
10-27 secs or so

Detectors, electronics
(and rest of the world)
are safell
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— Black Holes

..and in CMS

57



Black Holes Hunters at the LHC...

58
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Recent Studies: New Signatures
Arkani-Hamed, Dimopoulos hep-th/0405159

Split Supersymmetry

s

10%

Assumes hature is fine tuned and SUSY is

20 oL X
10 Eifetime ot the

broken at some high scale

1010

The only light particles are the Higgs and the

4
Q_ﬁ

4
o

I verse 7
c

&

(3]

v

gauginos o A

- Gluino can live long: sec, min, years! m_:o /ﬁ»fﬂ;m efiex

- R-hadron formation: slow, heavy par-‘ricles//y M

containing a heavy gluino. I T U

Unusual interactions with material

eg. with the calorimeters of the experiments! ST Eg. hep-ph/0508198

Gravitino Dark Matter and GMSB

In some models/phase space the gravitino is
the LSP

Then the NLSP (neutralino, stau lepton) can
live ‘long’

i S

Sparticles stopped in the detector or

—=Challenge to the experiments! walls around of the cavern.

They decay after hours---months...




Recent Studies: Special signatures

e ———
In some models/phase space the gravitino is the LSP
: e . GMSB or
Then the NLSP (neutralino, Stau lepton) can live ‘long EDM models
Eg. x>+ gravitino  or heavy (slow) stau slepton

vilon
Mgctron
Ha¥gon (e.g. Pion)

Signatures
e Displaced vertices

e Non-pointing showers
e Long lived 'heavy
muons’ (time of flight)

Silicon
Tracker

, Electromagnetic
};l ] '] Calorimeter

Hadron
Calorimeter

superconducting
Solenoid

Iron return yoke interspersed

Transverse sl lice with Muon chambers
rouah s Challenge to the experiments!
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T —
Long lived sparticles

—
Some of these heavy long lived heavy sparticles will be stopped

in the detector or walls around of the cavern. They will decay after
some time: hours-days-weeks-months...

Some benchmark points with
Lifetime of 104-106 sec are

being studied:

K. Hamaguchi,M Nijori,ADR hep-ph/0612060
ADR, J. Ellis et al. hep-ph/0508198

—Tdeas: Use the cavern wall or
addition of slepton stoppers in
the cavern (multi-kton object)
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New CMS analyses

e GMSB: Non-pointing photons

S aqf o 0 - _ H 1.’ = 10 : : ,
pointing non-pointing O I l
[ 2 s L o 4
2.55 8 photons
2 * i, . ]
J. _ il g [ ]
o ] 25 oo 2
2.2 a[ @ = r o0 7 5 g
r Hoo g 4 r -
225 245/ = L |
2 b o 4
24 tr b
i A I S LS T XL ;s 07 065 06 0 ! ! ! L !
n n D 25 &0 100 200 400

GMSB parameters N =1

tan 7 =1

;__—#

e GMSB: long living staus

RMS= 37
lav.err.= 32

T
A=50 TeV; stau mass = 242 63 GaV; int. lum. =

Timing (B) in =
muon detectors

100

80

60

number of experiments

40

20

200

e R-hadrons de/dx

in the

trigger/mass meas. tracker

for region $ > 0.6

220 240

260

280

mass estimate (GeV)

-

20|

15)

10

ct (em)

GMSB parameters N =3 tan3 =3 sgnp =1

sen (= 1

x ct lifetime
extraction with
~20% precision

M, =2A

stau mass
extraction with a
few % precision

o

a5

60 80 100 120 140 160
mass DT vs mass TK {100 Gev gluing)

180 200

B-tracker
#3 muons
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Split Supersymmetry

Arkani-Hamed et al., Giudice et al. GeV
Assumes nature is fine tuned and 150|
SUSY is broken at some high scale y/ﬁ

Motivated by cosmological constant
problem and multitude of vacua in
string theory (Landscape)

=

R

cos2p=1

cos2f3=0

iggs mass vs
Log;o(Ms)

8 10

The only light particles are the Higgs

14

1

6

1030

and the gauginos (several 100 GeV to

several TeV)

1 O'ECI

Interesting gluino phenomenology.

lOLO

- Gluino can live long: sec, min, years!

Gl

wves dqtector

- R-hadron formation: slow, heavy
particles containing a heavy gluino -

10710

/}@@E&ﬂ%

tex

10720

Tuino hadror

hizes

- special interactions with matter...

1

10°

m [GeV]

Can we detect these gluinos at LHC??..

lOLO

]_0].5
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How do these R-hadrons interact with matter?

e e I
e Ti pomern .‘L; | ;
(0 (=
(a) (b) {c)
R-Hadrons Need to modify the
(e.g. A Kraan hep-ph/0404001) detector simulation
e Gluino interactions suppressed as 1/M? toolkit (Geant4)
e u,d quarks interact but with a kinetic L PR
energy of order 1 GeV o ii?iﬁiﬁf
— deposite only 10-15% of energy while passing =~ = 3o
through ATLAS/CMS calorimeters .
This will be a remarkable signature e “X /\/V
Also: charge flip while passing through matter EW\J’”\J \J/ o
Understanding of travel of heavy particles 1
through matter good enough? O

n
Further: anomalous de/dx, time-of-flight measurements. Trigger is a challenge
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Hidden Valley Physics? ——

A Conceptual Diagram

Basic minimal structure

Communlcator

Inaccessibility

New possible phenomena that could occur in these models

String Theory inspired (M. Strassler)
Eg. Strassler & Zurek hep-ph/0604261

£ Higgs LSP, sterile neutrinos, loops of

charged particles, ..

=

= Higas decays to two [or more] long-lived particles
Aside on classes of possible decays of new particles
=/ decays to the v-sector:
Final state with many particles, possibly long-fived
= L5SF decays to the v-sector

Degradation of MET signal
Wide array of complex final states
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Some Hidden Valley Signals

H N 4 b Displaced vertex

g
h h, sw--"
——J)
+ = -~
|
g II v-particles
||
mixing Displaced vertex
———————————| Some v-hadrons are |———
VC(I Iey ql._lar'k ’S:‘an!:i;nd therefore
production

But some v-
hadrons decay
in the detector
to visible
particles, such
as bb pairs, tau

;__—A

Schematic; not a
simulated event!

I|
|
4 b's 2 few percent pass Level 1 dim

HLT
Fail mu isolation?
Fail mu tracking?
L - Fail b tagging?
T Fail quality control filters?

Production rates for v-hadrons

LTOss declionin 1o

7’ mass

The Fear Factor: A real challenge for the triggers at the LHC



Tools & Theoretical Estimates

The LHC will be a precision and hopefully discovery machine
But it needs strong collaboration with theorists

I'W YOu
%,.:bzsic_J

Examples

e Precision predictions of cross sections

e Estimates for backgrounds to new physics

e Monte Carlo programs (tuned) for SM processes:
W,Zt.. + njets and more..

e Monte Carlo programs for signals (ED's,...)

e Evaluation of systematics due to theory
uncertainties

e Higher order calculations

e Discriminating variables among different theories

e Getting spin information from particles
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Effici = 30% G. Rolandi
o 2008 (Before schedule change)

Higgs 777
RUSusy — Susy?
) 2 (?
1 00F+04 Z/ Into muons? _
- : ‘ _

Re-discovery of the TOP 191
1.00E+03
1.00E+02 -
1.00E+01 -
1.00E+OO [ [ [ [ [ [ [ [ [ [ [ [ | | | [ [ [ [ New eSTimaTe

123456 78 91011121314151617 181920 jntegrated lumi
1.00E-01 between 0.1 and 1 fb-
weeks
—e— luminosity (10**30 cm-2 sec-1) —=s— integrated luminosity (pb-1)
events/crossing
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What can we expect in 2010 with 10 fb-1?

“Early discoveries” at LHC

SM/MSSM Hiaggs inclusive SUSY di-lepton resonance
(Z',RS,Z,.,...)

- g -9 .
-~ ‘ e A
S | cfLa-ws ATLAS s °
F 3w L= Wmt [ K-factors) =
3 Lo ; .;':.’ / =
f | =] 3
| 36 E
Nt i N LEJ -
."- B o =N )
[ Ta
Lo /'ﬂ i N
i 58 .
2
gy 2, 114.4 GeV
. . ]
' w' fT RIS TON R W T e &0 600 800 1000 1200 140 1800
my, [ GEV) BV iy mass (Gellc

with 10 fb1:

Mg, g <2-2.5 TeV m<~3 TeV

full range !
in mSugra dep. on model
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Summary

;__4

The LHC and its experiments are on track for first collisions in

2007 and physics runs starting from 2008 onwards

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

The LHC should be decisive in revealing the Electro Weak

Symmetry Breaking mechanism in the SM (SM Higgs/no Higgs)

But the LHC will also explore QCD in new domains, is a B-factory
and a heavy ion collider

The LHC will break new ground in exploring the TeV scale and hunt
for new physics (SUSY?, EDs?...)
- Will it be easy or shall we have to sweat through years of data taking
and hard work before we can claim a discovery ? pms |

Tevatron experience is absolutely
vital for a jump-start of extracting
physics from LHC data.




— Main Message:
The LHC is Coming This Yec
\

\\. HI'. .J I. :

s

v
...:|:| ¥

But 14 TeV collisions only in 2008...
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And Maybe...

6 December 2008

Evidence for squark and gluino production in pp
collisions at /s = 14 TeV

CMS colleboretion

Abstract

Expedmental evidence for squark and gluino production in pp collisions s = 14 TeY with an inte-
grated luminosity of 97 pb~1 art the Large Hadron Collider at CERN is reported. The CMS experiment
has collected 320 events of events with several high By jers and large missing Ep, and the measured
elfective mass, i, the sealar sum of the four highest Pp jets and the event ET, s consisient with

squark and gluino masses of order of 650 GeVie®. The probability that the measured vield is consis-
tent with the backgroundis 0.26%.

Submitted to Enropean Jowmal of Physics
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Eagls_qg_s_l_i_c_i_e_g__
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CMS Analysis projects
The Physics TDRs

LABGR ATOIRE EUROFEEN POUE LA PHYSIQUE DES PARTICULES  CERMMLHCT 2008-001

CERN  puporgay LABORATORY FOR PARTICLE FIVSECS 3

e R T o e N e

Detector Performance Physics Performances

and SOft]ﬂ\;rare Physics Technical Design Report Vol II
Physics Technical Design Report, Volume I

http://cmsdoc.cern.ch/cms/cpt/tdr/
CERN/LHCC 2006-001 CERN/LHCC 2006-021
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Discovery/Luminosity Roadmap?

Z@6TeV
7 = ADD X-dim@9TeV SUSY@3TeV v
3000 [errerreerreen T eeersevs WetPees Hoeroe SOOI =5 ooz C A
= — ' Comp03|teness@40TeV l
8 1000 b | e e
< = H(120GeV)9W
= 300 o eeeaenn, I ST I v
= - H|ggs@ZOOGeV
100 b e
o = SUSY@1TeV -,
g 3O [reeesereseremssesensensbisnnnndeen ; >
= u ' O [+
T 0 e e E ----- ‘g --------------------------------------------------------------
= D[S %
— T | N S
— | | | | e
1l 1020 141 100 fbifyr T 1000 fb-1fyr [~ <
= | oty | Yy y yr | =
- < > [« — «— p--- | §
— g E : : =
01 ] ] I* | ] ] ] | ] ] ] | ] ] ] | ] | | ] ] ] | ] ] w
| 1009 2011 2013 2015 2017 2019
Accumulated by year

First physics run: O(1fb1)
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- Preparing for first data ...

Workshops

HERA & LHC continuing

in 2007 (2008)

Important for discussions
on QCD, PDFs, Diffraction...

TeV4LHC workshop

MC workshops...
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Is it SUSY?

Example: Universal Extra Dimensions
Phenomenology: a Kaluza Klein tower pattern like a SUSY mass spectrum:

Can the LHC distinguish?
e.g. Cheng, Matchev, Schmaltz hep-ph/0205314

Look for variables sensitive to the particle spin eg. lepton charge asymmeftries
in squark/KKquark decay chains Barr hep-ph/0405052; Smillie & Webber hep-ph/0507170

A — Ta)=("q)

— (Itg)+(l—q)
KK like
spectrum | _ SPSla benchmark
(small mass o type spectrum
Spl'TT'”g) "Tl'l""c.L""l ........ ]

(i:] | | m | ) 0 (b) | m
Method works better or worse depending on (s)particles spectrum
More discriminating variables needed!! 77




Event
Process Events/s | Eventslyear| Other machines
W— ev 15 108 104LEP/ 10" Tev
Z— ee 1.5 10/ 107 LEP
tt 0.8 10/ 10* Tevatron
bb 105 10%2 108 Belle/BaBar
ag 0.001 104
(m=1TeV)
H 0.001 10
(m=0.8 TeV)
Black Holes | 0.0001 10°
Mp=3 TeV n=4

Minimum bias events: 108 per second or ~2-4 per bunch crossing

Rates for pp at Vs=14 TeV

Huge event rates:
(1033cm2 s)

The LHC will be

a W-factory, a
Z-factory, a top
factory, a Higgs
factory etc..

Precision EW physics
measurements will be
limited by systematics
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Note: Best possible theory knowledge
on DY spectrum will be needed (tails!)

|

New Gauge Bosons

Z'—up production

( 1

1

| 1 E 1 I 1
500 1000 1500

2000 2500

3000 35 4000

M, (GeV)

Int. luminosity (fb™")
= [

—
<
III_.

102

;__4

—— CMS Z' discovery reach with dielectons and dimuons —

Hu

Zy

1 2 3 4 5 6
Z’ mass (TeV)

e Low lumi 0.1 fb-! : discovery of 1-1.7 TeV possible, beyond Tevatron run-II
e High lumi 100 fb-!: extend range to 3.4-4.6 TeV




[ —

Curved Space: RS Extra Dimensions

Randall, Sundrum, PRL 83, 3370 (1999)
you are
here

ds? = g-2klyl M,y dx* dxV - dy?
“T——TeV/SM brane

Planck brane
ant - de Sitter

space

phenomenology
y=0 = -20 k2 3 _ 2 et
R5 - Msp™ = k Mpjanck 4 Ggx
k~curvature  Y=mre N <
Study the channel pp—Graviton— e+e- —
8 ¢
:_ Signal+ — CMS 10 fb™ discovery reach Randall-Sundrum Graviton: G — ee, uy, Ty
o5 Randall Sundrum Graviton T B
= Drell-Yan G oo 5 RI<M .
20 bGCkgr‘- CMS: Full Simulation §10'
N and reconstruction ;
o J ¢=0.01 and J' L=10ft" g
10 : ey
E One experiment ‘ sensi .l.IVI.ry
5
10° N I B

n ! Ll | | | I L1 | L L L | I -
850 860 @70 8BO 890 900 910 920 930 940 295“ 0.5 1 15 2 25 3 35 1
Mass (GeV/c') Graviton Mass (TeV/c?) 30



Little Higgs Model A, and Z,,

Littlest Higgs Model

Slgnal ' d|-|ep‘ron resonance Arkani-Hamed et al., Han et al.

A—ee & o reach for 300 b

| | | I I | | | | | | | | | | | | | |
—  Z;cote=1.0
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