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LHC Constructlon

Cryostating 425 FTE.years
Cold tests 640 FTE years

Apr11 26th 2007
Descent of last magnet

Triplet magnets: fxed!




Dipole magnets
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Equivalent dipoles

01-Jan-01 01-Jan-02 01-Jan-03 01-Jan-04 01-Jan-05 01-Jan-06 01-Jan-07 01-Jan-08
—— Cold masses delivered — Cryodipoles assembled
—— Cryodipoles cold tests passed Cryodipoles assigned to position in ring
—— Cryodipoles prepared for installation Cryodipoles installed




LHC Machine Layout

LHC PROJECT UNDERGROUND WORKS
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Machine consists of 8 cryogenically separate “sectors”
* e.g. “sector 81" means sector between ATLAS and LHCb



LHC Schedule

For each sector:

" Magnet interconnections:
Done for 7 out of 8

" Cooldown to 1.9K:

Started for 2 sectors:
Leak detected
Ground fault detected

“finger” problem after warmup but

no more warmups scheduled

Powering tests

Beam commissioning

“Success oriented”
schedule:
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General Advancement of Interconnects per Sector 02-October-2007

M Close W & Jumper

1 |=Weld Package | & VAC tests

O N-Line Package

@ Cryo-Lines Welding &

Testing

0 Electrical Interconnects &
QA per halfcell

O IC preparation

T T T
sector 1-2 sector 2-3 sector 3-4 sector 4-5 sector 5-6 sector 6-7 sector 7-8

sector 8-1

cooldown 300 - 80 K

D
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Return
280 + t

260 A

cooldown 80 - 20 K
——
cooldown 20 -4.5K

LHC sector 78 - First cooldown & Powering & warmup l;ob,f

[ Powering tests in LSS l

Powering tests in ARC

—_——

Filling & 1.9 K cooldown

< > DFBs & 1.9 K pumpdown tuning

| du
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"1 temperature

Magnet
emptying
and
g warm-up

" First beam: May 21 2008

" Collisions =2 months later

15/01/07 02/02/07 20/02/07 10/03/07 28/03/07

—4.5 K refrigerator supply temperature
Thermal shields temp. (average over sector) — Magnet temperature (average over sector)

T T T T T T
15/04/07 03/05/07 21/05/07 08/06/07 26/06/07 14/07/07 01/08/07

Time (UTC)
— Return temperature




Updated General Schedule 10/07

2007

2007

2008

AN

Machine Checkout

Jun, Beam Commissioning to 7 TeV Jun.
Jul. Jul.

General schedule Baseline rev. I Interconnection of the continuous cryostat Flushing

4.0
**** Global pressure test &Consolidation B Cool-down

Cool-down Inner Triplets repairs & interconnections Warm up

Leak tests of the last sub-sectors

_1 Powering Tests Global pressure test &Consolidation B Powering Tests

Watch http://Ihc.web.cern.ch/Ihc/

)

2008




When there is beam it’s dangerous

* Tevatron beam accidents

" 1 MJ/beam = kinetic energy

equivalent to a race car at
125 mph

" E.g. CDF lost 2.5% silicon
channels between 07/03 and
07/04 due to beam incidents

= LHC

= 350 MJ/beam = “80 kg of
TNT or 70 kg of Swiss

Dec 5,2003 accident
Chocolate” (S.Peggs) - i leve-~1 M|

" Uncontrolled LHC beam can
cause major damage both to
machine and experiments




General:

" Weight =7000 tons

" Length=42m, height=22m
Muon spectrometers

" Huge!

Electromagnetic calorimeter
" Liquid-Argon, accordeon shape

" Tile (scintillator)

" Transition radiation

Silicon strips (SCT)

" First time at hadron collider



ATLAS Muon System and Calorimeters

A
ATLAS Barrel Toroid | s 4
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— : CALORIMETERS @S

ECAL HCAL

\ /76k scintillating Plastic scintillator/brass _, -
¥ PbWO4 crysta sandwich Vi

IRON YOKE

MUON

ENDCAPS

Cathode Strip
Chambers (CSC)

Resistive Plate
Chambers (RPC)

TRACKER

Pixels

Silicon Microstrips

210 m? of silicon sensors 'y y /i =

9.6M channels ‘ £ { & o -
‘ \YWelght: 12,500 T

" Diameter: 15.0 m

Length: 21.5m

Superconducting Colil,

4 Tesla MUON BARREL

Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)
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3-level trigger system filters
events from 40MHz crossing
rate to 200 Hz on tape

" L1 hardware trigger

" L2 and L3 are software triggers

Typical unprescaled triggers
at L=1033 cmZs-1:

(Isolated) e, u: p>25 GeV
(Isolated) y: p;>50 GeV
(Isolated) t: p;>50-100 GeV

Triggering is a Big Challenge

ATLAS 3-levelTrigger/DAQ system
RATES rigger ystem LEVEL 1 TRIGGER

Jet: p>500 GeV

Lower threshold for b-jets
Jet(s)+Missing E;>150 GeV

+ Multi-object triggers which
have then lower thresholds

40 MHz . Ilardwarc-Bascq (FPGAs ASICs)
| CALO I MUON "T RACKIN GI s Coarse granularity from
O T Py Cray e ey SN, LU calorimeter & muon systems
PIPELINE ¢ 2 us latency (2.5 Us pipelines)
MEMORIES
LEVEL 2 TRIGGER
S DERANDOMIZERS * Regions-of-Interest ‘“‘seeds”
75 kHz _READ-OUT_ _ « Full granularity for all
RIVERS (RODSs)
i subdetector systems
READ-OUT ; + Fast Rejection “steering”
BUFFERS (ROBs) | & AT
LI [ 0O(10 ms) processing time
________ ! EVENT FILTER
1 FULL-EVENT | ¢+ “Seeded” by Level 2 result
5 Pi%?f:;o; : « Potential full event access
SUBFARMS | * Offline-like Algorithms
* O(1 s) processing time
MASS STORAGE
200 Hz FOR OFFLINE ANALYSIS High Level Trigger

Triggers are kept rather generic
=> Sensitive to broad range of

signatures

(but please let us know if your model is
not being triggered!)
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Towards Physics

Measurements



We are entering new Territory!

Cross Sections of Physics Processes (pb)

Tevatron LHC Ratio
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1 Vs=18Tev

| FNAL

A A I R

QCD-LO, u=E2

—— CTEQsM
---- CTEQ4HJ
------- MRST

LHC

Vs=14TeV ]

| el | L

1

Amazing cross section increase for strongly interacting heavy particles

—>Excellent opportunity for discovery with early datal

—>Thus even more critical to understand detectors and software now!

t Cross Section

E:T (Te\-j) ET ETG\})
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=> understand the underlying

Measured hits in detector

physics
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Physics Strategy

Test Beam:

" Understand detector response in known environment
before final assembly (e,u,y,x,..)

Tune Monte Carlo simulation to describe response
Cosmic muons:

" Understand detector response to muons after assembly

Also commissions data acquisition/operations model/offline
software/data distribution model ...

Standard Model physics at 14 TeV

" Calibrate the detector with known particles and
understand Standard Model at 14 TeV

Further tune simulation

Search for the unknown!
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Test Beam

E.g. combined ATLAS test beam in 2004

" Operate 1% of full detector with real data

acquisition system

Operational experience N

" Collected 90M events

Electrons, muons, pions,
photons over large
energy range

Spectrométre a muons

With and without R ¢\ - (MDT, RPC, TGC, CSC)
magnetic field ‘\»
X | LAr | | Tilecal
" Understand detector - —
response to known Detector Requirements
o I ",\'pw_'lv(] [N'l'l} rmance data .\':un[)lv.\ 1_(‘X:1111[)]<'\1
pq rhC es on “day one” to improve the performance
ECAL uniformity A% (~2%) in ATLAS (CMS) minimum-bias, Z — ee
electron energy scale 2% Z — e
HCAL uniformity single pions, QCD jets

jet energy scale <10% Z(— th)+jet, W — jj in it events
tracker alignment 20-200 pm in R¢ generic tracks, isolated p, Z — pp 19




Test Beam + No Beam Results

Mean 1.002 vird =263

S 0.0 LSL I L | PR v 0-05- -
w oo sl SRR SRR AR A EES R LR, (e o w 2 Sampl. Const. Term 3
8 2sfa) 1200 L (S H0.045F 3
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(-‘}:I:-\“(:I..—I"()I‘|.la-'(lill(|-.I.(\.?‘-L‘.;-.lllllr;l'll‘,l)l 0 100 200
S pe & -0.2-015-01-005 -0 005 C1 015 0.2
50 GeV electrons _ Epeam [GEV]
ZEX . St CZZ'S’T. ..CC'EE.I".
g 1.006 T T T L 107
3 -« Data _ : g f
wi 1.004 beam energy uncertainty uncorrelated —| @10
3y : beam energy uncertainty correlated By g+
wi 1.002 — t:;'
— 5 10°
E 3 ] &
8870 o o g . ; s
1 __.-hi. o2 v ® e = 1.0% '_: ,§ 10"
0.9981 3 B107f v eeeeene sstensneves tove eoenyive
E ] Q. ‘0-1 o%
0.996 — - R
L a 10
0.994 _—* — 100
0.9921~ - 10"
099: | | | L 0% "5 1 15 20 25 30 35 40 &
%0 50 100 150 200 Module
Epeam [GeV]

‘ Wonderful detectors have been built!
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Cosmic Rays

Use cosmic ray muons to

" integrate individual subdetectors
to arrive finally at final detector
setup

" Gain expertise with operating
the full detector

" Debug software on real data

" Understand detector response,
calibrations, alignment

Cosmic Ray Flux in ‘
ATLAS cavern: =1kHz & 38 =

22



Cosmic Muon Data

———1———————1{ Eniries 2040
CMS: Combined @ 3.8T e | Mean 233%
. data B=3.67 z
i 70 - - cosmic MC with nominal B L i E et UL RS 1.403
f o B o e . Cosmics Muon spf.c’rrum
[ — | y b [ 2o b addazan 3 by g g
wp D 00T N O | in bottom part of Tilecal
40 + | g0 ~ - —
30 .
- 5 10f-
10 : :
= - L /ﬁ'-
880 “160 140 -120 -100 80 60 40 -20 0
o at innermost muonstation []

1
QlpCh
T T T =

i b 3 12

1
Mean = 00001231

Sigma = 002522 o=17 m
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IIIIIIIIIIHlllllllllllllllll
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E £ &
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e
Sto=>
o ond
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Eo  waf o Noo

02 -0.1 0 ol 02
Corrected dLocX (mm)

Gain also quantitative understanding:
- e.g. alignment of tracking detectors
- e.g. MIP signal in calorimeters
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Standard Model at 14 TeV



Standard Model at 14 TeV

At Luminosify 103%icm-23s-1 3 10° grr—r—rrrrrr——rrrrrr
bb production: = 102 Hz S w
W— 7 v: -20.1 Hz § 10° Tevatron LHC
Z— (¢ >0.01 Hz o
tt production: >0.01 Hz § 10
SM Higgs - 0.0001 Hz § :)
. @)
With [Ldt = 100 pb-': 0
1,000,000 W—lv
10°
100,000 Z—ll o

80,000 tt—lv+X

l(l'-1

=>Samples sizes similar to
Tevatron today

l(l4

I(l‘S

=>more than enough for 0"
detector understanding! 107 Buass
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Examples for SM signals

Zmumu_inv mass [GeV] |

=250 nb™!
80L

Zmumu_iny mass [GeV]
Entries 433
Mean 67.89
RMS 33.56

- perfect
- before alignment
6ol after alignment

70

50

L=0.25pb! |
40| o
bl
20[ - s
10ifLJ;ﬁi]. , JJ [it

. L{?_Egzﬂﬂ41

60 80 100 120 140

600 | Reconstructed Top Mass I:
+
500 +
b L=70 pb-!
400 +
gl
300 ity 4 4
: ++ T .
200 4 s A
t ol L +H|'f+‘
, $ R N
100} +.1
s
0 oo
0 50 100 150 200 250 300 350 400

Most likely we will collect the data quicker than

we can understand them!
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Searches for the Unknown



Status of the TeV Scale today

Higgs boson:
LEP: m;;>114 GeV

evatron closing in

USY particles:

" m(l%x*,)>100 GeV
M(LSP)>50 GeV
M(g)>300 GeV
M(q)>400 GeV

[u—
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) /' SM
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" M>900 GeV (SSM Z')
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The Higgs Boson



M,, [GeV]

Standard Model Higgs Boson

[ T T T l T I T T T T T T T I T I

80 70  experimental errors 68% CL: h
LEP2/Tevatron (today)

[ Tevatron/LHC ]
80.60 - —— | c/Gigaz 1
iight SY
80.50 —
80.40
80.30 £
8020 both models
N Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7|
| B T T T N O N It (WO T 0 N O i 0
160 165 170 175 180 185
m, [GeV]

Electroweak precision data favor low mass Higgs boson:

" Data consistent with both Standard Model and MSSM
MSSM slightly preferred
" Standard Model fit result: m; ;<144 GeV/c? at 95%CL
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Higgs Production at the LHC

M. Spira et al.

rrrr[rrrr[rrr 8 [ rrrr[rrrr[rrrr[rrrrrrrrrrrrrd ':
102k o(pp —H+X) 107
F|
: Vs =14 TeV 3
| 10? § m, = 175 GeV 3106‘_
a % . CTEQ4M A
_ AT Q
g t HO 3 1 Esiisiah,, 00 R 105 0
& R o
g ¢ o G e Sewy SRR EESSSo. (e N
1071 E 410 5
- T 3 =
t 1 fusion : W N ] 5 ..(L)
2b@ 0 10% €
02g S I A 31075
: “'--.,;:-»-..u.‘,-__ y gg,qq— Hit 3 5
: £ Bpira et al. SATEE R : ;-:.;.:.:.::_,___ 102
oaco T Tl -
W, Z bremsstrah ung [ T TN T N N TN TN T T N T T N T N T T N N N W T T N N T O N | .l.vfl |.';"l'i«.1 L1l

0 200 400 600 800 1000
M., (GeV)

HO

WW, ZZ fusion 9

dominant: gg— H, subdominant: Hqq (VBF)
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Higgs boson Decay

M, <130 GeV/c2:

" bb dominant

" ttt-, WYW- subdominant

= vy small but useful
MH>] 30 GeV/CZZ
" W*W- dominant

® 77 cleanest

BR (H)

AL Djouad!, J. Kallnowskl, M. Splra

I T
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# events per 20 GeV/c?

> L
3 ; ATLAS, 100 fb
50000
-
=
= B
17500 1— H%
: Y
15000 :—
12500 :—
10000 L ! L | | ! ! | !
105 120 135
m,, (GeV)
CMS, 60 fb!
9
350__' """" AN RARAE RS RS RS
- —ttH 115
300 — ttNj =
- —ttbb X
250E _ttZ l /\\‘1’ = R
200 o
1503— /.'“ booP
E W7 I
100; v
o [
O(; 50 100 150 200 250 300 350

Higgs mass [GeV/c?]

e s e SN e
05 1 48 2 28 3 35 4 45 8
nl

H—yy challenges:

VBF H—1t

Low Mass Higgs Signals

CMS, 30 fb!

- o

Nevts (30ﬂ)'1) | 5GeVic?

ro

w
lllllllllIllll[llllllllllll

Ol v

" Background from n0—yy

llllllllllllll]llll[llljl_

| Signal {(135GeVic)

WIQCD Zt+jets
tthar W+jets
-------- Fit to Signal

-------- Fitto Zfy* (— 21)
Fit to ttbar W+jets
—— Sum of fits

P I By 4 G TN By i MO Wy A o WO R o o B N (ot i T U 1

—_—— —

200 250
M., [GeV/c]

" Mass resolution requires brilliant calibration

" Atleast 1 photon converts in 50% of events

VBF: Hqq—ttqq challenges:

" Central jet veto sensitive to underlying event

" Need to understand forward jets

" Background from jets looking like tau’s

tH—tbb:

"  Background very difficult / b-tagqging performance 33



High Mass Higgs Signals

CMS H—ZZ —eeee example signals for m ;=150 GeV/c2

,",: "'3'. 2

Z Z

> S . H—ZZ*

= T

4 v 6

" & 4

2 il
m, [GeVieT]
M. Diihrssen et al., hep-ph/0504006 .

:14’_ [= [_JH- ww % - Higga dand my=160 Gev /ot
g L % B g9 - WW % G E tt +hu-1 bgucargund a
o 3 - Jr— Wy bocl roun:
3 12__4\—1_9 ﬁWW < n = ATLAS
e=‘ll:|£— g 2 5 %
3°F o m,=170 GeV/c T H—=WW
3 8- kS|

: M. D. etal. 5. F

LO parton level |
0.25 Mp = \/(Eéé + E%u)z _ (13?” _'_ﬁ}v}iss)Q
— 1 — 0
r g 0 50 100 150 200 250
1.5 2 2.5 A3 ¢" M, (GeWGZJ

| Clean signals on rather well understood backgrounds | N




Higgs Discovery Prospects

ATLAS, 2003 CMS, 2006

- H - vy
[ L dt =30 b ttH (H — bb)

| (no K-factors) A H - 2Z® 5 41
ATLAS H - WwW? 5 vy
qqH — qq wWW? vy
4 qqH — qqtT
qqH — qqZZ — llvv
qqH — qqWW — Ivjj

CMS, 30 fb™

1o—ga\ /"\ E

AN
—e— H—yy cuts

10 / \ g —a— H—yy opt

: ‘ - i H—>ZZ—4l 7
------ s B s 5. —e— H>WW—2I2v
_ I qaH, H—=WW—Hvjj| |

—e— qqH, H—=tt—l+jet

Y
=]
(8]

Signal significance

Significance

—— Total significance

i qu H—>W
1 = | TR Yoo 200 300 400 500 600
GeV/c”
Ml M, (GeV/c?)

High mass (m;>120 GeV):
" WW and ZZ provide excellent sensitivity

Low mass:
" ATLAS: Many channels contribute ttH, VBF H—tt, H—yy

" CMS: H—yy best, ttH found to be not feasible N



Higgs Boson Discovery Prospects

A 3 A |
g - ]_J}I(/ —A |\Tf|||f|!|\|f!\T!|lTlll!TlllffllllTll\{fl\T
E 10 ‘ B : ; i i i : i
:_ =930 CL e o ! ro R 2OI ‘, ‘:‘ ‘ ‘ : :
Y <ol ~_levatron
::; \ e el | o s = l E_ 30 i ; i i :
x i 2 = o
N Ve ; :
T \ _ 50 9
— ”
A\ N . u\l
/'> b
1 g 3 CMS+ATLAS .E
10 “ﬂ 4':"
j 1 IJllilllliIJIlillllillllillllilll!illllillll
100 200 300 400 500 600 700 8009001000 110 120 130 140 150 160 170 180 190 200
my, (GeV/e?) n]H ((}ev>
Tevatron:

" Combining 4 analyses (WH, ZH and WW)
" might see a 3o evidence with full luminosity (2009/20102)
LHC:

" cover full mass range with 50 significance with 5 fb1 (2009/20102)

Could be earlier if my;22*m,,

" At low mass requires combination of three production and decay modes:
gg—>H—>yy, WW— H—1r, ttH—>ttbb
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Supersymmetry



MSSM Higgs

5 Higgs boson in MSSM ‘o had+t Uhad channels CDF Run Il 1.8 fb-1
g = . . v —r—r —————T1—————T | MSSM ¢1t Search
- h,A,H,Hi : Preliminary
[ | : . -
At high tanf: - eGP
A is degenerate in mass with § L O] 2'—eee
h H b h - ¢ @ pther EW, tt
or or bot ] [i'i [0 jet fake
Cross section enhanced as 10 ! 4
tan2p : t f f:
Decay: 90% bb, 10% t*t* 1k ‘ -
tan > 9 =
BR =¥ [
S Ssusy S E S (1+A) [9+(]+Ah)2] B R A R ]
0 50 100 150 200 250 300

2
Searches focus on tt channel m, (GeVic?)

= . MSSM Higgs — 1t Search, 95% CL Exclusion é " n E
Tau-leptons are challenging! " momsmmwemr © o Mo >® E
S D Run Il Preliminan 108 o gl R o X :
" But used successfully at the  ®f AR e =
5 no mixing | . Mg =750V s ]
Tevatron also @ 0 mp 1w} ' E
G 50 1 i 2
CDF result caused some = «f wo 1 s V. .
excitement earlier this year | 1 ool et " orst uncertainine
. . - 3% no mixin . A N ; . ]
But has disappeared with ~ 1f = /" 27 T Full simulation £
0 n 1 1 L 1 -
more dqi‘a 100 120 140 160 1802 200 220 240 R —— .
M tGavicy) 100 200 300 400 500 600 700 800
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MSSM Higgs Scenarios

MHMAX scenario

[Ss]NHE

:"\ excluded by LEP (prelL)
.
\

No mixing s nario

dl l S0 Harker A
L)
|
s | r -
4l mm

excluded by LEP (prel)

Gluophobic scenario

= nwe 200 m 4m m “n ™ m m "

M, (GeV)

T
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S fHandlor A
EeBE - H

excluded by OPAL

» N A=
91 lL/

Lots of parameter space w

S
Tme N0 M 40 S M 7o) 4 900 1M

CEECEET
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only h
5] HandlerA
{1 []iSHS
1
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I _,/\

s excluded by OPAL

2
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!
AR X
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20 »
M, ((
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MHMAX scenario (Mgysy = 1 TeV/c?)
maximal theoretically allowed region for m,,

Nomixing scenario  (Mg,sy =2 TeV/c?)
(1TeV almost excl. by LEP )
small m,, -> difficult for LHC

Gluophobic scenario (Mg, = 350 GeV/c?)
coupling to gluons suppressed

(cancellation of top + stop loops)
small rate forgg > H, H> yyand Z>4 _

Small a scenario (Mgysy = 800 GeV/c?)

coupling to b (and t) suppressed

(cancellation of sbottom, gluino loops) for
large tan § and M, 100 to 500 GeV/c?

nere only the lightet higgs is

observable unfortunately (=> strong motivation for ILC)
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Sparticle Production

Production of the strongly Large cross sections possible:
interacting sparticles dominates: " m(g) =0.5-1.5 TeV
PP~ §9,39,94,54 > Oppsusy = 0.1-100 pb

—> Potentially copious sparticle
production at the LHC!

Qo

““-.___‘~(1 -\\\‘~.q
£ _———"’————(1 g ”,,,,—'q

3 \\\\‘\‘\\!\\\ ‘i\’\\\\\\[

o
\
|

TTIT T T 11T

L LLLL { I B

Production cross section depends

—
o
T

only on masses of gluino and

1000 events
squark !

in 1 fb!

cross section (pb)

—_

“ Rather modelindependent search |

K ’l L I il Ll Ll Ll Il L Il | Ll L
10
100 150 200 250 300 350 400

References: Beenakker, Hopker, Spira, Zerwas, 1995, 1997; Beenakker, MK, Plehn, Spira, Zerwas, 1998; Baer, Hall, Reno, 1998; Beenakker,
Klasen, MK, Plehn, Spira, Zerwas, 1999; Beenakker, MK, Plehn, Spira, Zerwas, 2000; Berger, Klasen, Tait, 1999-2002; Beenakker, MK, Plehn,
Spira, Zerwas, 2006
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Sparticle Decays

» Event selection guided by typical decay chain of SUSY particles
X1

0
i - X1
K2 ]
Two strongly interacting sparticles produced 89 eoinisus
Focus is on “R-Parity” conservation B g |
" Each sparticle decays into lighter sparticle + s . )
. H A 0
> | —
" cascade decays down to stable, undetected & 400
LSP (usually neutralino in mSUGRA) = |
> large E;miss R — e o 53, 57
2000 e
I ;? ------------- \{i
—> Canonical SUSY signature: ol
. . . J=0 J=1/2
E;™iss, high-p; jets, often leptons



Missing E; + jets

Example Event selection
" 4 high E; jets
= EMISS> 100 GeV
" Event sphericity>0.2
" (No isolated leptons) jet

SM backgrounds difficult

" Multijet production
Z(v v) + jets
W(w v )+ jets
Top + jet(s)

" |nstrumental

QCD multi-jet production
Electronic noise, etc.

" All backgrounds need to be
measured with data

i -
CDF Run Il Preliminary L=11fb
210
§ - D whole dataset
® 0l
after cleanup cuts
0L after final cuts
103;—
1025—
105
1=
2 2 2
7080 10 2400 340 MET [Gev] 10’

Z-candle normalization, E;"“

>200 GeV




Missing E+ + jets

mSUGRA HM1 My (GeV)

7 LHC Point 5

o L] ° o o R 10 El T 7 o 'E

Discriminating variables: £ [ATLAS TOR 1996

10 & — =

= EMISS s é‘ m(2)=700 GeV

G 10 = TO=——0— 3

o = i MISS s F 2k :

M = 2ilpr'l + E; 2o ]

. - o

_ CMS E™* + multljets, 1 fb”' e e jg

$10° — — mSUGRALM1 - CMS, 2006 r L, | < ]

W 3 -==- Zinv+1t E . 3

§ ﬁLLLI:L — Zinv+t+EWK i Al ///(; . ?l
31 - ; +QCD a ‘ 1000 2000 3000 4000

=== Zinv+it
— Zinv+it+EWK
- +QCD

'3 L]
m(g)=600 GeV e
R R“m

s__‘""— —

t llllll T IIIIIIII T[T

1: L"’j ; o, A= ) Ple b m(§)=1800 GeV

10.3 T : '_'." r‘ ‘#‘4 102
1

" 1000 12'00 1400 1600

1[:::1;

lllill il
200 400 600

i At 4 i
1000 1200 1400 1600
E™* (GeV)

800

Also with latest state-of-the-art Monte Carlo programs of
W/Z+jets there is an excellent discovery potential
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Papers are already being written

6 December 2008

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

CMS colloboration

Abstract

Lxpernmental evidenee for squark and gluino production in pp collisions /s = 147 TeV with an inte
grated luminosity of 97 pb™" at the Large Hadron Collider at CERN is reported. The CMS experiment
has collected 320 events of events with several high Erp jets and large missing E, and the measured
effective mass, ic. the scalar sum of the four highest Py jets and the event iy, is consistent with
squark and gluino masses of order of 650 GeVie®. The probability that the measured yield is consis
tent with the background is 0.26%.

Submitted to Ewropean Jowmal of Plivsics

CMS is already writing papers just in case!
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SUSY Discovery Reach

[ -~
= 2 -
=% LSP tan])=10,A0=0,u>0 CMS ¥ 1400 F PN LR RS PR RS R
900 — . 0
= no systematics N JLdt=10m"
800~ m, = 120 GeV 1fb” =
= = T | % . [ ten(B)=55,p>0,4,=0
700
= —  jet+MET g 00 TR
600 — —  u+jet+MET] T T
% = — - SS2u
9; soo:—\ ---- 0s2l
= o it —_ 2:
E awofE .7 e o e Higgs 1000
e e -
1] ol S, == L top |00 N . LIt e
Em, =113 GeV "~ : s LN
200E" 800
100
- NO EWSB
oL 11 ST T [T T S T T YT I ndlann e b ol SEER iz U
200 400 600 800 1000 1200 1400 1600 1800 2000 ; SLS e e e
m, (GeV) 600 * Ed

With 1 fb-:
" Sensitive to m(g)<1000 GeV/

Wli'h 10 Fb'li 200
" Sensitive to m(g)<1800 GeV/

N e e

400

AmqZIng pOtentIGI! 00 20D 400\ 600 800 1D0O 1200 1400 1600 1800 2000
" If data can be understood , P
" If current MC predictions are =ok ‘ Tevatron ‘
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What kind of SUSY is it?

0
We will need to do SUSY S %0, T X

spectroscopy! \

" Rate of O vs 1 vs 2 vs n leptons

% sof- CMS
Sensitive to neutralino masses s f Jl -
B U-— —LIN 1
@ 1
" Rate of tau-leptons: - |
.. g
Sensitive to tanf -
" Kinematic edges
obtain mass values b ]
. : it :_, N B L FEdE T v v v ,"‘v ‘- . oV "‘\J 2l.
" Trileptons 5 L 3 G
Examine chargino/ neutralino 2 [ / %ﬁ% —— ¢
. - [T e soposte sn vt s
couplings o { =
3 @é" %% .
" Detailed examination of wogj}gﬁ ®e % CMS,40fb!
inclusive spectra T

B el e HBIA Gy ]
20 40 60 80 100 120 140 160 180 200
Mass(TauTau) GeV/cd

That would be my dream scenario! It’s where the real fun starts!!



Z and Extra Dimensions



Z type particles should be easy!

Signal creates clear peak
" Easier for electrons than
muons though
Main background is well
understood theoretically

Applies to any narrow
resonances decaying to
electrons, muons, photons

Muons suffer from
worsening resolution at
high momentum

Events/50 GeV/0.1 fb™

Z' — ee, SSM
Mass Expected events for 10 fb! | [L dt needed for discovery
(after all cuts) (corresponds to 10 observed evts)
1 TeV ~ 1600 ~ 70 pb!
15 TeV ~ 300 ~ 300 pb!
2 TeV ~ 70 ~ 15 fb!
Using MC truth Initial alignment
ey et Ipossl aileter amler ‘rsiler Dy ’:_Q e el sl GnuEewl mews Isevid Iapwssl G
10 5 : 101 =]
—L 1 <) i |
8f 13 s -
10 | ]
i 8 L i
°N 189 ]
] € ]
& l o [ J
o 1 4 i
g i 7/’
2F 1 2f ]

(IR R

200 600 800 1000 1200 1400 16C

p* mass (GeV)

200. . .600

T " I =
800 1000 1200 1400 160
p* mass (GeV)

Probe ~1 TeV range already with 100 pb-1
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Extra Dimensions: Large or Warped?

dlEM MaSS SpeCtrum I DQ Run " Pre“mlnary CN2 10 1b" discovery reach Randall Sundrum Graviton: G — oo, Ui, 1Y
o TR R U RAL DIRHEAT s o 3 -
D ol f % IR} <
G O RS model => peak 1 10 T
2 | { L
B _ ' £ [
5 b ‘ADD model => tall 2 |
> 1 . . N
1T i i S 5 5
10-1 ------------ e
s 0 100 200 300 400 500 600 700 800 00
dlEMMass,Gev 10‘._11 Ll 1L 1 IlDl-;lllllllllllllllllllllllll
0.5 1 1.5 2 25 3 35 4

Graviton Masz (TeV/c)

Dilepton and diphoton mass
spectra:

" Probe RS model up to M;=3 TeV
with 10 fb"

" Probe ADD model up to M=5TeV i}
with 1 fb! e
This is also quite easy

25  ADD Discovery Limit

Ms_ reach, TeV

e w0 '””1'.':'::1
Integrated Luminosity, b



Conclusions and Outlook

Both the LHC accelerator and all the experiments are
making excellent progress
" Incredibly complex machine, detectors, software, data handling
" First collisions expected for summer’08 but further delays possible
" Luminosity ramp-up time will primarily depend on how quickly
confidence in the machine and diagnostics is gained
Amazing discovery potential already with very early data
" Major focus on final installation & commissioning with cosmic rays
" Then establish the SM @ 14 TeV with early collision data
" Establish the existence of a Higgs boson (or rule it out)

" Find new physics at scales of up to about 5 TeV

After 20 years of construction time next year ~5000 physicists will
analyze LHC data and hopefully find something spectacular!
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