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Why ﬂ-rau-ld there be Anything

n d th e S --M- ? < POL\;TECHNIQUE
Shou‘ dn PhyS Lett. B 657/1-3 (2007) C M SS M ) 10"/ ymeas

Variable Measurement Fit | ! 2 3
 After many years, Ao m)  0.02758+0.00035 002774
 No unambiguous evidence of new m, [GeV]  911875:0.0021 911873
physics! I, [GeV] 24952500023  2.4952
« SM is remarkably robust! of , [nb] 41540+ 0.037 41.486
R, 20.767 = 0.025 20.744
« Indeed, mysteries remain... Ay 0.017140.00095  0.01641
 Electroweak Symmetry Breaking? A(P) 0.1465+0.0032  0.1479
How? e . i R, 0.21629+ 0.00066  0.21613
« How? Unitarity Problem? Hierarchy
Problem? R, 0.1721+ 0.0030 0.1722
« Standard Model Patchwork? Ay 0.0992:+ 0.0016 0.1037
* Are there additional symmetries? An 0.0707: 000355 0.0741
« Grand Unification? A, 0.923+ 0.020 0.935
« Missing Dark Matter? A 0.670+ 0.027 0.668
* Not part of the SM...what is it? A(SLD) 0.1513=0.0021 0.1479
S0 Q) 0.2324+0.0012 0.2314
m, [GeV]  80.308+0.025 80.382
e Actually...
y . . m, [GeV] 1709+ 1.8 170.8 |
 SM not only model which describes the —
data well R(b->sy) [.13+0.12 L2 )
B, [x10° 8.00 033 |N/A (upper limit)
« CMSSM also accommodates all AR i 5
existing data' Aa, [x107] 2.95+0.87 2.95
" e on’ 0.113+ 0.009 0.113
« Dark Matter included (but not batteries)!

x?/Indof = 17.0/13 (20% probablllty)
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen



s/ We are on the Verge of the Opening Act;

Anticipation (Speculation!) building to a fervor...
 What will we find at 14 TeV????

POLYTECHNIQUE

e Model builders have become

very creative these days... Wo or "WitTEN's Doe’

. MSSM, mSUGRA, NUHM, Split . : H = -
SUSY, GMSB, AMSB, ADD-ED, RV s> ()
RS-ED, UED, E6 GUTs, Little O L i 5
Higgs, Hidden Valley, ... AT HA e

« Pick any arbitrary signature... s \ :5“ 1) SEDRRSIMHE R

« There exists a model which A T B SR

predicts it!
 We really do not know what

nn'l-llrn hnc |n ctara 'Fnr us
STl W 11 Il LWIVI Ww IV

beyond the SM! From Futurama

 Focus on start-up and early LHC running
 From weeks to first year of data taking
« Integrated L of a few pb-! to about one fb-!
 What can ATLAS & CMS do with a couple of exemplar signatures

 Diobjects — much easier at startup!
 MET — much harder, but rich new physics potential!

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 3
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® Restaurant: Le LHC

» ~order of magnitude higher beam energy  '°
e Entrée: Standard Model:

. QCD (pT > 100 GeV)

0

Physics Menu at the LHC

LHC  vs=14TeV

POLYTECHNIQUE

L=103cm2s" rate evlyear

* 100x higher than any previous collider 10°

« Electroweak

* 10x higher than any previous collider I04
- Top 10
* 100x higher than any previous collider 10’

« Use to commission & calibrate " e
detectors z

e Main Course: New Phenomena Factory'; |
« Low Mass SUSY, Z’, Contact Interactions o SalEr
» Could appear almost immediately! .

e (Desert: Discovery Interpretation :z
 Isit SUSY? Extra Dimensions? Someth .
 Can we disentangle the new phenomena’ "’ %

We Live in Exciting Times! 10" g Ouend
* Huge increase in CM energy! - History: 10" g5
that we should see something new! e
« ATLAS & CMS working hard to be ready o

14 Jan., 2008
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ATLAS Detector

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

Length: ~45 m I
Diameter: ~24 m

Weight:. "'7900 tons Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
Magnetic Field: 2 Tesla

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen

POLYTECHNIQUE

== Sce G.F.Tartarelli’s talk for status of ATLAS



H CA L . POLYTECHNIQUE

e InERCONDUCTING : S8 Plastic scintillator/brass
| o : sandwich

—hay

COIL ‘

" i N \ ".I_II:‘
L IRA 2i 4 1

Silicon Microstrips
Pixels

Length: 21.6 m NG AL &l
Diameter: 15 m = M BARREL N ENDCABON
Weight: ~12,500 tons \Drift Tube; Resistive Plate Cathode Strip Chambers (CSC )
Magnetic Field: 4 Tesla | DT) Chambers (RPC) Resistive Plate Chambers (RPC)

14 Jan., 2008 7
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'S/ CMS Assembled & Tested on Surface... @&

POLYTECHNIQUE

Seh Endogio Disk Surface Assembly H"all
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POLYTECHNIQUE

-

 Lowering started end of 2006
e Finished beginning of 2008

)

14 Jan., 2008 R. Cavanaugh, FIoridaIPaI
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CMS Commissioning Runs
May to November 2007

Final DAQ hw ]
Final services

Participating Subsystems in Global Runs

( Reached scale of

10

| Surface Tests in '06 V' OHE
9 - [ First coincidence of 2 W Lumi
subsystems OHO
8] Reaching In ing Comple\ \ty mHB
Upgrade to final @ Trk FEDs/RIB

" B CSC (no HV)

ORPC
BEB
aDT

) . .
27

DAQ software
architecture

6,

First cosmic
muon triggers

May June July August September November 13
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CMS Status & Plans

POLYTECHNIQUE

Nov Cool down of Magnet: Test

Tracker Insertion

CMS Cosmic Run with no Magnetic Field
2008 (several short periods Jan-Mar)
Jan | [ ast Heavy Element Lowered

Test Magnet at low current
Feb

Dec

Mar

Beam-pipe Closed and Baked-out

Apr | 1ECAL Endcap (Dees) Installed, Pixels installed
Cosmic Run with 4T Magnetic Field

May

Jun 2nd ECAL Endcap (Dees) Ready for Installation end Jun’08

This Schedule Completes the CMS Detector in time for 15t LHC Physics
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 15



. Readout & trlgger tests runs W|th aII detectors
(cosmics, test beams)

Early beam, up to 10pb-':

* Detector synchronization, alignment with beam-halo
events, minimum-bias events. Earliest in-situ
alignment and calibration

« Commission trigger, start “physics commissioning”:

Physics collisions, 100pb-': measure Standard
Model, start search
e 108 W—lv (I =e,n); 105 Z-ll (1 =e, n); 104 ttbar—u+X;
103 QCD jets pT > 1 TeV
 Improve understanding of physics objects;
 Measure/understand backgrounds to SUSY & Higgs
* Initial MSSM (and some SM) Higgs sensitivity

e Early look for excesses: Z’, jj, & SUSY : 1021 TeV
Gluinos

Physics collisions, 1000pb-': enter Higgs
discovery era

« Explore large part of SUSY & resonances at ~ few
TeV

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, /
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LHC  s=14TeV

mid-2008

" max L1 output
maxHLTmput

Iate-2008

scalar La Z 42'

L=10%em?s’
T 1 1 ‘ T T

HLT output——-u

| 500 1000 2000 5000
jet E; or particle mass (GeV)



First LHC Paper...?

POLYTECHNIQUE

Charged particle multiplicity in pp collisions at

vs=14TeV

2150 | PYTHIAG.214 - funed
v A—— CDF tuning
125 £ ------- PHOJET1.12
o b ATLAS
E pp interactions -
BE ISR, UAS and E735d
: 5 B L ] . S an 35 data
{ M5 colliboraton :
50
25 e
U: |\|||||1 L ||||||||; L ||||||||4 L Ll 5
Alniract 10 10° 10 10°

Vs (GeV)
We repon on 2 measurement of the mcan vharged panscic mulaplicity 10 muomuom bage events, pon
ducaed i the econtral reguy i) < L at the LHO an pp collimons with /s = 14 1CV, and recondod o
the CM S expennment at CERN. | he evernts have been selocted by a mummam eas tngger. the charped
tmcks reconstruciod in the sllicon rrackor and in the muon ¢hambens. The track densaty s compane
b the e salrs of Moate (Cado USRS Ol oS OeVSE e TAT all modcls Bl dramatw ally 1o des nix
the data

Courtesy A. De Roeck

Sufmattcd iy Puvsnean Neogrmal oF PPRT e

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 17



Very Quickly thereafter...?

Modifications to Inclusive Jet P; Continuum| =70

« Contact interactions create large rate at high P and immediate
discovery possible

« Error dominated by jet energy scale (~10%) in early running (10 pb-1)
« > AE~10% not as big an effect as A*=3 TeV for P;>1 TeV.

« PDF “errors” and statistical errors (10 pb-') smaller than E scale error
e With 10 pb-' LHC can see new physics beyond Tevatron exclusion of

At< 2.7 TeV.
CMS SBM-07-001

Rate of QCD and Contact Interactions

> 106 | LI I L | L l 1T I | | T T I I l—:
Q ° 3
S * QCD & 10% energy error band |
D 10°E E
o L4 A™ = 5TeV contact interaction 3
[ . ] .

‘d-.) 10 ® o A* = 3 TeV contact interaction | | Contact Interactlon

= ® 3
. 43 q q
103 & |Jetn|<1, 10pb _: A
¢ 3
QCD ¢, . ]
102 0 =
¢ ) : 00 4 o6 - d q
e 000 n
® °0 ¢
10 . % =, 3
.. g ® ) . 3
CMS Preliminary ®e ‘% s
1 Gen-Level Simulation Cee,
1 l 1 1 1 I 1 1 1 | 1 1 1 l 1 1 1 I 1 1 1 | 1 1 1 I 1
200 400 600 800 1000 1200 1400

Jet P; (GeV)
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 18



Possible Very Early LHC Results...? (@i J ¢
High Mass Dijet Resonances
 Measure rate vs. corrected dijet mass and look for

resonances.

 Use a smooth parameterized fit or QCD prediction to model
background

o Strongly produced resonances can be seen

e Convincing signal for a 2 TeV excited quark (E6) in 100 pb-
 Tevatron excluded up to 0.78 TeV. CMS SBM-07-001

QCD Backgound

< 10°
_; QCD 0O Gendets
s 4 (Calodets .
3 . CorrectodJets _ Dijet Resonance _
""Ew._,r 9.4, 9 949, 9
o >L<
) . — -
-1-_‘_-?-&@- q, q, g q’ q’ g
T
=
Rt
10° o Moar g
CMS Preliminary T e
106 —A—-E-_E_
N _-PAI-_E_

pe v ey v b vy by vy by e oy ]

0 1000 2000 3000 4000 5000 6000 7000
Dijet Mass (GeV)
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 19



Possible Very Early LHC Results...?
High Mass Dilepton Resonances g

« Heavy Extra Neutral Gauge Bosons: Z’

o Sequential Standard Model
» same couplings as in SM Z°%: Zg,

« GUTs: E6 >S0(10)xU(1), > SU(5)xU(1),xU(1),
*2,2,2,

« Left-Right and Alternative Left-Right Models
© assume gg = 81! Zirmy ZaLrm

i "\
<6
<&
'§ & 25
4

¢ Main backg round ATL-PHYS-PUB-2006-024
g is global coupling strength
e Drell-Yan CMS PTDR vol. Il x is ratio of U(1) charges (fermion coupling)
- T 1 LI LI LI T LI T LI T T ; T T T T T T T T T T T T T T ATLAS
.-D o | | | | | | . T I ]~ ]
e o 103 3 =3 1
i —L CMS = |
e 1 2 |
> Prel. 1 %, ]
O ] =
o = | =
m ] —' 10 .__ ...................................................... ___:
@ £
c [
@ [ 1
> N 1k |
L : h
] 107¢
| IR i 107 :-_ L | 1 I | |§ : 1 1 ! q
EDEI 600 800 1000 1200 1400 16C 1 2 3 4 5 6 0-8 -6 -4 -2 0 2(“ hi] i 6 rﬁti ';Ux
pp” mass (GeV) Z mass (TeV) “harge ratio x

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 20



N

&/ Possible Very Early LHC Results...? P
: High Mass Dilepton Resonances
9

 Randall-Sundrum Model
 Small extra spatial dimensions
« Curved bulk space (AdS; - slice): curvature k
 Only Graviton propagates in the Bulk
« All other particles live on SM “TeV” Brane

« Coupling constant depends on k/M,;
« Controls width of KK graviton resonances

AdS; Bulk

T N B B B T
Ei CMS Discovery Limit of
2 > Randall-Sundrum Graviton hH
e — —
0,1
= allowed region
N
s
o,
Fal
Re
=
=
S
=
o
T. Rizzo
]_U_Ln 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 A
lﬂﬂﬂ aﬂuﬂ SDDD +DDD Eaua ﬂaﬁo 0,01 ||||||||||“||||‘|||‘|||||||||||||||||||
My (GeV) 500 1000 1500 2000 2500 3000 3500

Graviton Mass, GeV/c’

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 21



AN

&) Possible Very Early LHC Results...?

High Mass Dilepton Resonances g
« TeV-! Extra dimension Models \ C iNew Usua
T . . P IGUT GUT
« Additional particles in the bulk Hypercharge; | Scale : Scale
. M.any KK towers . < : '
* Running of the couplings changed 2 2 | wearore |
« Lowers GUT scale =¥ :
 Nearly equal energy level spacing stiong Force
of KK states ?. :
1TeV 20 TeV 10'6 GEV
Energy
— 8 L — SetA
% 8% SN-ATLAS-2007-065 102 5L, --- SetB
B 70 setA ATLAS | ER LR
¥ s  ~SetB Prel. oL ‘h,
E - C SetC
5
!
107F
0% Preliminary g
! 10 0 1[]1?1[_70' 20003000 2000 'éolubﬁ"ﬁéo;} 7050 8000
Integrated Luminosity [pb1] M (TeV/c?)

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 22



le Very Early LHC Results...?

to High Mass Dilepton Contmuum.

tions

Large flat Extra-Dimensions (ADD model)
e Could be as large as a few um (n = 1) or as small as a fm (n = 6)
 Bulk only accessible by gravity

 SM particles restricted to 3D brane
 Gauss’ Law: M, ? = MZ*"R"
e Mg ~ O(1) TeV > Hierarchy problem translated from UV to IR
» Virtual Graviton Exchange - modifies dilepton mass continuum

POLYTECHNIQUE

105 E T T T T | T T T T | | 3
i J.L. Hewett, 1999
Hidden Brane 104 :—B_I_G—LE_‘ -
i “Mirror” Interactions : —~ 103 #
5 z
> r ]
T E‘?’ I
Okk  multi-D graviton n 108 (c) pp - 1M1 —
1/My = E Vs = 14T E
v 5= 51{1
LE L = 100 fb

Y| < 2.5, CTEQ4M
M, = 2.5, 4.0 TeV

10! =

SM Interactions

Our World 3+1

14 Jan., 2008 R. Cavanaugh, f M- (GeV)



Missing Energy Topologies

| Missing ET in MHT30 skim |

DAT vTRAUNIQUE

« MET is very powerful New Physics

d . . . @ 105 - -
ISCrimin ator 5 MET includes cells with E>0 (no CH)
= No cerrection
¢ Supersymmet_rY! Le ptO-QuarkS, - E Bad runs \.:rere removed
EXtra-DlmenSIonS, BIaCK HOIQS, etc 10“ |:| Moisy events were removed
[ ] Bad cellsitowers were removed

» Difficult part is to convince
yourself that there is a real excess! Run Il

10 V. Shary CALOR04

e Tevatron teaches us

« MET is not easily understood! 10°
 MET will take time and effort to
commission as a variable robust o so 1m0 150 00 sso S Ser—ibo
Missing ET, GeV

for new physics studies

 Non-collisional backgrounds

e Beam halo
e Cosmic muons ot

N events
o
w
ek |
|

 Detector Effects o'

e Instrumental Noise : 1
o8 1 008 1522535514455

« Hot/dead channels (DQM) o h e o ‘ _
A Event EM Fraction B Event Charge Fraction
D. Tsybychev, Fermilab-thesis-2004-58

Searches involving MET will not be among the very first LHC papers!
But, ATLAS & CMS working hard to ensure they are not far behind!

R. Cavanaugh, Florida/Palaiseau, Aspen
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Early Study of MET Cleaning

POLYTECHNIQUE

CMS Response to
= 10° Beam Halo Simulation
 Motivation: Tool development > .1 | cms |of LHC Point5
e Study/tune during commissioning s Prel.
« Remove fake high MET events (inspired 3"
by CDF & DO) 5 10%
i Pileup not included
10
 “Example” clean up cuts i oaltln ;e
. . 0 oy 02 03 04 05 0.6
« >1 central jet (|n|<1.7) with cewe CMS PTDR
> 4 tracks ‘gmoo;— EEMF
° 2 1 Vertex ‘:-'56000:— Entries 221802
i % - ) Mean  0.5543
 F_,> 0.1 (Event Electromagnetic Frac.) i F RMS 0137
e F_. > 0.175 (Event Charged Fraction 5L
ch ( 9 ) '§4ooo;— CMS Prel.
. . 30003— Pileup included
« Minimal affect on SUSY Signal -
| Sample/Requirement | F,,, > 0.1 | F;, > 0.175 | Both(%) | 20005_ - :
[LM1 (low mass bulk) | 99.88% | 91.32% | 91.24% | o0 tt full sim.
0— 0z 04 06 08 1

Event EM Fraction

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 25



&) Electroweak Multijet Backgrounds:
Z—uu Standard Candle

« MET & Jets expected from
o Z(—>VV)+n jets
e W(>lv) + n jets

Z+jets ALPGEN205+Pythia6.335+CKKW matching

- o
Hints of New Physics
might first show up

in plots like this...

102

Inclusive W+jets cross section (pb)

o Study with Z »uu Events = CMS
 Easy to tag - Preliminary
« Sufficient statistics at LHC i i ,
10— o ﬂ]_'ﬁ'fgl;gﬂts . Lda
= o —"\'r_:l'ets o d—""‘frjezs
r-||||||||||||||||||||||||||T|||||
) 0 1 2 3 4 5 Njei 6
0.2 InvMassGen
f R Mm_l (generated) J Entries 1598 N
0.18] Mean  wez| o 7+ n-Jets x-sect o< o
0.165 —— M__ (reconstructed) Undetfow
F Overflow 0
oM _mmassRec |« Normalise MC to Data
0.12"- : . .
3 CMS Prel_ | Mean %o e Assume Ie_pton universality
E Underflow 0 « For W + n-jets, use
0.08:— - : _ G’I:pp—?n-'rli—},uu}—jé‘:ts]
0.06" - F= o(pp—ZL{—pt = )+jets)
0.04 - .
: | « Expectation
T » N om 0 e 5% precision with 1.5 fb-1
%0 70 80 (ggmz) 100 110 120 e Approx. same precision for lumi. est.

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 26



Supersymmetry

Symmetry between fermions & bosons
L]

Implies (more than) doubling of Standard Model particles

SM Particles SUSY Particles

quarks: ¢ q squarks: ¢

leptons: [ / sleptons: /

gluons: g g gluino: g

charged weak boson: J77* w* Wino: A -t .
0 H* charged higgsino: }:Ii %z chargino

Higgs: H i 4° go =0 ~0 —0 o

e neutral higgsino: A A , H higgsino
neutral weak boson: Z° z° Zino: Z° ;;10234 neutralino
photon: 4 photino: ;, o

Supersymmetric particles not yet observed
* SUSY must be broken (softly)!

Mechanism is unknown = many new free parameters
> 100 additional parameters
* Gravity inspired: 4+ additional parameters

« MSSM:

* 1 gaugino mass (m, ), 1 scalar mass (
coupling (A,), ratio of higgs VEVs (tan

mixing param (sign|u])

e Others! GMSB, AMSB, NMSSM, Split SUSY, etc

m,), 1 tri-linear
, sign of higgs

Generally assume Lightest SUSY particle is stable

(R-parity)

* Large Missing Energy Signature!

14 Jan., 2008

R. Cavanaugh, Florida/Palaiseau, Aspen
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Complex decays chains
* Many High P;jets(q,9)
* Leptons(yx,I,W,Z)
«  MET (LSP)

27




POLYTECHNIQUE

« Example Selection Criteria _ CMS E7"** + multijets, 1 fb™

* Very Large MET —etanAL
 Typically > 200 GeV (+ Cleanup) — Zinvatt EWK
— +QCD

e >3 jets:
 Hard leading and next-to-leading jets
e lepton veto

CMS Preliminary

o Cuts on Ap between jets and MET L =1 fb
 Very Large M
* Typically > 500 GeV ! *L1 <
 Example Expected Results: i aasaican. 54 | KRININN G BIIH
« LM1 efficiency is 13%, S/B ~ 26 : AR R R e

Expected number of events for 1 fb-'

Signal | tt | singlet | Z(— vi)+jets | (W/ZWW/ZZ)ZW) +jets | QCD
6319 53.9 2.6 48 33 107

« ~6 pb-! for 56 discovery CMS PTDR

 Lower jet multiplicity requirement reduces sensitivity to
higher-order QCD corrections

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 28



Add lepton = clean trigger
Important during early

running!

Typical Characteristics:

Single Isolated lepton
 Low pT ~ 20-30 GeV

Main remaining backgrounds
o ttbar, W/Z+n-Jets

>3 or >4 jets:
 Hard leading (& NL) Jets
Large MET

 Typically > 100 GeV
Cuts on A¢(jets, MET)

Large M

14 Jan., 2008

R. Cava

# events for 10

Events per fb1

|||||||||||

T e e EE.s {

POLYTECHNIQUE

s _=|

Muon Trigger +

No Cuts ~ 10 | E
10 CMS & . Prel.
: | e o 140 [f -
i _Prel. = -
102 ; S ) 1
10 -
] 10
10" +
102E= (e | SRt PR i | PR (I |l | iy |
0 500 1000 SUSY LM1 500 1000 1500
Br (GeV) B (GeV)
o & M., > 100 GeV *Blue: tt{>Inln}
1 = i I o i e B sGreen: =2 Ingqa)
- il ‘Red:w
C —H | 1 Black: sum of all BG
ol [T+ 11 1 |pPink: SU3
E - ATLAS ‘
T e L
1 E_ ; _J_ 1 i —
10 ’_
: 1 1 1 i1 3 I 1t L L I 1 1 1 il I 1 11 I 1 1 1 1 1 1 L4 1 3 3°4 b 't 1 1 1°.1
100 200 300 400 500 600 700 800 900

ETmiss {G EV}




Inclusive MET + Jets + 2 leptons

POLYVTECHNIOIE

| Missing Et Fast SUSY 2lepton modae DS MET=100GeV

 Add another Same Flavour Lepton

10 .
e Even cleaner; little to no QCD E E SR R — -
) i w [ ATLAS Preliminary : ool
« Typical Selection Strategy - wlo o R
« Several, high pT Jets + - 20SSFLeptons =
o Large MET E 10— 1 Bulk’ pmnt -
 Strong lepton isolation cuts & #L =1fb', "
. MaI::: ICI)oackgrounds é W o
° ar - H— B SE .
« Double boson ‘e R, —
- 20S SF: W'W-, Wz, 2Z - . H H i
e 2SS SF: W*W*, W-W- (~unique to LHC) "0 o0 200 300 400 500 600 700 800 900 1000
Missing Et ~ °%"
p* | Missing Et Fast SUSY 2lspton mods §8 MET=100GeV |
d é Vi N 2 1"]45 . . :
W* = = 2 T E : E L [
V.7 W+ ) o F ATLAF;:, Preliminary : m;j:”:l.'-i',m
U d v, 2 - 2SS SFLeptons | =
d é - Almost Background Free
 Double parton (not yet considered) 5 °F
° W TR W, W TR Z, Z G g% Z = 1: | L= 1 fb-1
14 Jan., 2008 R. Cavanaugh, Flow  "™'0""00 200 ‘300 #b0 m’l' 600 706800 900 1000

Missing Et GeV



POLYTECHNIQUE

* R-Parity - stable x° - no invariant mass peaks to 40
reconstruct

I B
ATLAS, L=5fb"]

Modified
Point 5

(tan(B) = 6)-

 However, two-body decay of %, to x°, via a slepton
* Distinctive, sharp OS SF dilepton invariant mass edge

— — 0 L1 I50I (- I100I 1 I150I L) I2_00
MZ(I!R) j]_ Mz(x?) / M”(GGV)

Mmax — M) [1- _ ———— = 108.93 GeV
! W omaD M) 0 p G
< o g [ LM1 Crrton 0
 Systematic impact of tracker misalignment: s I ety
. A A = 20 —ldeal_alignment
First Data, 6 months, 100 pb-' to 1 fb S |
« di-muon efficiency decreases by ~30% o | —Firstbata
« di-electron efficiency decreases by ~10% o ﬂu L =1 fb
GJ L
_Q L Entries 356
Mllmax = 80.4 i 0.5 (Stat) i 1.0 (misalign) Gev \%10_ y J CMS l:;e;n zz::
C : Underflow 0
e Eventually, with enough LHC data, work up decay chain 5 R Prel. low .
 Estimate squark and gluino masses C I
« Direct measurement of SUSY parameters oi okl bowe b L JULILL TUIL LTI TD
M(e'e’) (GeV/cY)
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 As a function of integrated
luminosity

 For different discovery
channels (1 fb-1)

-

M, ,, (GeV)

1000 —

~ Lsp CMSSM: tanp =10, A =0,y >0
00 with systematics
800 — "

= CMS Preliminary 1 fb-
700 —

= s \\
> =
= J
S 500 — N \_.eiis—-';M_‘_‘E_T"'H
€ a0 T e

E e ‘-Je[s Je;q—;‘%‘h_h""—'——..___

— “h-‘- *
=y ~Wg), WERs,

E '/at’. \--_‘_*2 288\
200%@7 ~ f/_— U
100 —

= | | | | | IND EWSIB

% 200 400 600 800 1000 1200 1400
m, (GeV)
14 Jan., 2008

POLYTECHNIQUE

1400 I-]II |||I|I|.[||I.I|II-[II|
R E,miss Signature ]
AQ .. | tanB)=10,u>0,A,=0 | |
— ATLAS - " without systematics _
© Preliminary-..
1000
800
600 T TN e SmalN
400 S ccroposecs
200 55?500}_\’ i ) ]
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000

M, (GeV)
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But, its easy to get fooled!

(especially, but not only, by detector problems) a3 m
* Minimal Universal Extra Dimensions batta, Matchev. Kong
* 1 Extra compact dimension: R @ PhysRev. D72 (2005 056008
. : SUSY: .
 Everything propagates in Bulk = ------ [* (near)
« KK tower of “SM-like” states UED: "

[* (far)
* evenly separated,
* nearly degenerate

e Signatures very similar to low mass SUSY! X
« Many Jets CMS AN 2006/008 L

« Large MET (KK parity - stable LKP) % . CMS e
 Leptons 3 > =
a Preliminary |-t

 With OS dilepton mass edges
 High cross-section
« Early Physics Potential
e Current constraints:
« R1>600 Gev (for m; >115 GeV)

pairs /
I\C)\III_L\ M co I-ﬁ o ® ‘\I

- 3...? 1 E
40 60 80 100 120 140
14 Jan., 2008 R. Cavanaugh, Florida/Pal M, (FT-F-IT), Gevic®

N of SF lept

o
O =
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« SUSY broken at lower energy scale by Gauge ATLAS
Bosons .
« Couple to “messengers” from hidden sector at ‘ - I—
some high energy scale VF, EM Calorimeter 2
 Gravitino becomes LSP Barrel iy =
. — ) e
* Neutralino can be NLSP . o 0y 30":‘;
Fam 7 T ! s
« Distinctive Signature G
« Large MET -; m |
 Large M4 M & L

* High E; photon
* NLSP Lifetime - large ct >Non-pointing

* Prompt NLSP decays = Pointing A ; \ \ \ .
* Depends on SUSY breaking scale! "; 9 A non-pointing photons ]
i © ;
 Interesting Phenomenology _— ER 8T poming phetons i
° From E}/, L, ct 'g 7 % both channels
« Can derive my; o, and thus SUSY Breaking Scale “,5“ 6 L i
~N: i 2 CMS Prel.
er= Es (l[l(} Ge\-’) ( VFy ) %10 om % > 100 pSGUdO
ky \ mNLSP 100 TeV 2 4 L experiments
« Early Discover Potential E \ 1
e N=1;tanPB=1;sgnu]=+1; 3 I \?/f'lOfb
M, = 280 GeV ; A = 140 Gev 2 | ,\*\*\/
« O(1) fb 1 b
0 | | | | |

0 25 50 100 200 400
14 Jan., 2008 R. Cavanaugh, Floridal/l ct (cm)



The Fast Physics LHC Discovery Menu¢

POLYTECHNIQUE

di

[Wigr~vo=z5Tev;,— ¢=0.01-0.1

14 Jan., 2008

Model Mass reach Luminosity (fb-1) Early Systematic Challenges
=~ Contact Interaction A<28TeV 0.01 Jet Eff., Energy Scale
£ z Alignment
“; ALRM M~1TeV 0.01
=] Ssm M~1TeV 0.02
8| Lrm M~1TeV 0.03
E| E6,SO(10) M~1TeV 0.03-0.1
E 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
2 E6 diquarks M ~0.7 - 4.0 TeV 0.1 Jet Energy Scale
m
=] Technirho M ~0.7 - 2.4 TeV 0.1 Jet Energy Scale
3 ADD Virtual Gggk My~ 43-3TeV, n=3-6 0.1 Alignment
= Mp~5-4TeV, n=3-6 1
ADD Direct Ggk My~ 1.5-1.0 TeV, n = 3-6 0.1 MET, Jet/photon Scale
SUSY M~1.5-1.8TeV 1 MET, Jet Energy Scale, Muiti-
Jet+MET+0 lepton M ~0.5 TeV 0.01 Jet backgrounds, Standard
Jet+MET+1 lepton M ~0.5 TeV 0.1 Model backgrounds
Jet+MET+2 leptons M ~0.5 TeV 0.1
mUED M ~0.3 TeV 0.01 ibid
M~ 0.6 TeV 1
A
TeV (Z,™) M,, <5TeV 1 " .
— \
RS1 i “\,e \‘\S“‘- -\
di-jj Early LHC Runs: 0.1 to 1 fb-! |c=0.1 0.1 .- auS -
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Conclusion

« The LHC opens a new frontier in High Energy Q
Physics
« The LHC is a Discovery Machine!

* First few weeks to year, ATLAS & CMS can

discover (or exclude) a very wide range of
New Phenomena

* Including expected systematic effects
e Current focus is now on commissioning and
start-up preparation

e Tools being developed to understand and
calibrate detectors using early data

 We really don’t know what we will see!

 Much anticipation!
 What ever it is, it will be exciting! —
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This Time Next Year...

Theoretical & Experimental Speculation may
finally give way to Observation

At a resolution of 10™" metres, isolated clumps of
Strange Matter pop briefly out of the quantum foam
to debate the possible existence of Particle Physicists.

...otay Tuned!!
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POLYTECHNIQUE

Backup Sides



AN

¥ SUSY Production Rates at the LHC
F 3
MSUGRA, tang =10, A5 = 0, u > 0 o LHC MTV  L=10%cm2st e edjer
0O 200 400 800 800 1000 1200 1400 1800 1800 2000 i
T T T ‘ T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T I_ barn ? ‘ ‘ ‘ ‘ j ‘ ‘ ‘ ‘ GHz
1400 xﬁ - 1400 [ N T A O 1015
\ | e—cinelagtic ~ L1input -»
o(sqg) o{sq) | L ] 1014
d‘| fb | E B B B B B . B B E
1200 o - 50 1 fh — 1200 S L PP -
i A | sk R SR O N R ~JMHz J10"3
_.l_ “-‘--7-1_“_‘__“_ mb —bhb | Lo P 2310
[ \ B T ] 1012
1000 RNy ‘ ]

max Detector output &
10 fh - - -max L1 ogtputa 10M
= Coannihilation _ - - maxHLTinput -
% 800 H Benchmark ? 800 bt e - |kHz 10
e - Eo b R 5
2 - : 100
= 00 fb 3

| Bulk Benchmarks e EL T = 600

| M1 sus HLT output———s ~ 410°

L)
o
(=)
—r T [ T T T ] r Tt Tt [ T T T [ T T T ]

. Hz J107
400 FoctisPoint o B > 509" 400 P
ocus Point s, i ]
L 10 ~--————-—-_) .Benchmark: %__—’ F ; mdﬁdéﬁé Call 2 10°
200 _—‘|‘O[:}p}5::—1;__‘_k_\ ——— N P - jta“[‘:z’“:mi:“j&’z_f; 105
L 0 pb 1 pb \tanf=2, p=mgzm;
I 100 pb - ob| ~ImHz410¢
- NO EWSB - : 1
CIIII‘III|\I\|III|III|\II|III|III|\II|I\IO L
0 200 400 e00 800 1000 1200 1400 1800 1800 2000 = 103
Mo (GeV) g
* Focus on Low Mass Supersymmetry for early searches, but ; 102
outside Tevatron reach! ol Junz J1ot
«  CMS LM1 (Bulk): M, =60 GeV, M,,, = 250 GeV br W
«  ATLAS SU3 (Bulk): M, =100 GeV, M,,, = 300 GeV REL 100
R I
. . . [ I B i .
 Possible spectacular rates, even at start up luminosity! 0 10 200 500 1000 2000 o0 107
» Several SUSY events per minute! jet E. or particle mass (GeV)

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 40



Monojets & Single Photons

Possible Early BSM MET Paper

POLYTECHNIQUE
« ADD Large Extra Dimensions > f
* via Real (long lived) Graviton Production g | SN-ATLAS-2001-005 S pwtow,
] 105:_ ;_.:-.::. ev), v
) & | o ATLAS T we
 Very Simple Topology: oL 5% Prel B o
« monojet / photon back-to-back and balancing MET : S
L 1 == total backgroun
e g7 — g5 o y 104k
: FAN . P I t signal =2 M, =8 TeV
P 4 5, Ry g & \\_:3’_/ wil , ; 2 siznal 83 My=5TeV
g~ 1 G g : Py G q T, a F oty B signal 5=4 M, =5TeV
« Selection
e lepton veto, i
* large Jet/Photon pT (> 400 GeV), large MET (> 400 GeV)
« MET back-to-back with Jet / photon 1 B i
0 250 500 750 1000 1250 1500 :f:“ss (Giﬂ\:;)
 Main backgrounds (normalize with Standard Candles) , o
«  W(Dlv)+Jet, Z(Dvv)+Jet e T [ e
5 10¢ E
] 5 - Hﬂli CMS Note 2006/129 -
 Discoverable shortly after 100 pb-1 E | L i
c 1E 3
Mp /n n=2 n=3 n=4 n=>5 n==6 ; LLLL LLL‘-L Single 7Y ;
107 LL' - g
Mp=1.0TeV | 021 b= | 0.16 tb~" | 0.14 fb~" | 0.15 b~ | 0.15 b i CMS HILI—.J LF,JLUHL -
1072 e A
i Prel. i
UL
: | 1 | 1 | | | | | 1 | | 1 | 1 —| | |_| le
0 500 1000 1500 2000 2500

Missing E‘r IC, GeV



" Example 2x1033 Trigger Menus!

POLYTECHNIQUE

Trigger type ATLAS (GeV) | CMS (GeV)

Threshold Threshold
(includes PU)

Inclusive isolated ely 25 26/ 80

Two electrons/Two photons 15 12

Inclusive isolated muon 20 19 (37)

Two muons 6 7

t-jetand ET ... 25 and 30 65 and 60

1-jet, 2-jets, 3-jets, 4-jets 200,,90,65 400,350,195,80

Jetand ET . 60 and 60 180 and 80

Electron-Muon 15 and 10 -

+calibration, monitoring, etc... 10% of BW 10% of BW
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L for 1 month|Integrated L | Trigger Process Jet & MET Physics
run (10° sec) Object Commissioning
1023 100 mb- None Inelastic Input to tweak Pythia,
o~ 50 mb non-diff Study beam bkgs.
1024 1 ub- Setup Jet Inelastic Calib in azimuth
non-diff
1025 10 pb-1 Jet g+g -> g+g Establish JJ cross
o(gg) ~90 ub |g+g->g+gtg | Section
c(ggg) ~ 6 ub
1026 100 pb-1 Jet g+g -> g+g Dijet balance for polar
g+g -> g+g+g angle — Establish MET
10%7 1 nb-! Jet g+g -> g+g Dijet masses — start jet
Setup Photon | g+g -> g+g+g balance
o(ay) ~20 nb |q+g > g+y J+y calib
Courtesy D. Green
R. Cavanaugh, Florida/Palaiseau, Aspen
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Expected CMS Performance

POLYTECHNIQUE

'E' g C — T T T T T 1 T T T T T T T T T T T T T T
- i a [ -0 - -
0.0<n<0.2 - 1.8<n<2.0 w8 o 145 -
02 Tracking K P I :
B ..-. » L Lo i
A L . e / = 1.2 Resolution in 3x3 —
- o - C | 704 ]
107 S . _,-l.—."'. 10! __' ______ ‘*i"“r T 15;-' : G"}’Efa :
ST - . c ! 1 S5=283+~03 (%) —
— C C N=124 (MeV) ]
/ﬁ.,"' : - 0.8 C C=026 +-0.04 (%) ]
) /;.’: ‘_' . __.\.1' : :
107 - - 10-2:— 06 _
- a - .
® Full system C # Full system i S~ ]
= Muon system only = m Muon system only 04__ T . ;
10-3 Ll Ll Ll 1 L Ll Ll Lol L1 02__ CMS ECAL _:
a 2 =]
10 10° 11] ﬁ}mc] 10 10 10 plGeVie] D: | | | | | .
= D.a T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T D 50 -100 150 200 250
£ E HCAL E (GeV)
W 05F! — Inl<1.4 ] il =
g‘;— C + N E r #""‘f
LLl Co . 'C i T y. 1
C - 1.4=Inl<3.0 ] = 107 ¥ 3
< % ! . I ‘_,r"f / ?
E N :.II".!- E E i :
-@— 049 — -—- 3.0<Inl<5.0 — & 10’25
ELL'I_ : : é i i /
5 02F - 10°L
- i : "’
: - AN
D1_— ] 1074 E
[: : 11 1 1 I 11 1 1 I 11 11 I 11 11 I 11 1 1 I 11 1 1 I 11 I: . : b_ta gg I n g
0750 100 150 200 250 300  Florida/Pe '°*“6i"0505"04 05 68 67 08 68 44
B, GeV b-jet efficiency
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presolution (%

o/E

0.15

0.1

0.05

40 =
o Muon spectrometer
O Inner Detector
30 ® Combined
20 Q
O
10 o
@
O
Pop 4 o . P
" SEEESE B
10 10° 10°
pr (GeV)

Jet enerqy resolutiqn

AR=0.4 o Sampling

o HI /i/
Sampling 'y

AR=0.7 *®
s HIl

ATLAS

n|=10.3

o/E = 4.7/E @ 0.54/VE @ 0.013

— Y

PR— Y

o e TP s AT

0

0.1 0.2

o]

=
(@)
w

Light jet rejection

10?

Electron energy resolution

a.05 Sampl. Const. Term
0.045, i 3
0.04- [%/\(GeV)]  [%] ]
"OWE 10.1=0.1 0.17+0.04
0.035: « Data
o.03-' ° Data noise subtracted
- }. © Noise E
0.025}=
0.02
0.015}
0.01F
0.005} "3aa,
0 100 200
Epeam [GEV]
v\k @ conejetsize 0.7
\'\ cone jet size 0.4
-\‘\.ﬁt\ Y conejetsize0
i A
.y
R-\\ v
: . *\\
- B-tagging effvs = *
\‘ .
light jet rejection
40I - I45I - I50I - I55I - I60I - I65I - I70I -

b-tagging efficiency (%)

0.3 . .
IWE (Gev'"?) -avanaugh, Florida/Palaiseau, Aspen
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@ Designed Detector Performance

POLYTECHNIQUE

Expected Day 0 Goals for Physics
ECAL uniformity ~ 1% ATLAS <1%

~ 2% CMS
Lepton energy scale 0.5—2% 0.1%
HCAL uniformity 2—3% <1%
Jet energy scale <10% 1%
Tracker alignment 20—200 um in R¢ O(10 um)

14 Jan., 2008
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Expected Tracker Performance

Selected figure-of-merit ATLAS |CMS
Rec. Eff. Muons with pT=1GeV 97% 97%
Rec. Eff. Pions p,=1GeV 84% 80%
Rec. Eff. El. pT=5GeV 90% 85%
op; for p=1GeV n=0 1.3% 0.7%
op; for p=100GeV n=0 3.8% 1.5%
Transverse ci.p. for p;=1GeV 75um 90um
Longitunal oi.p. for p=1GeV 150um | 125um

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen
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A‘*‘
A

4 ATLAS CMS Tracker Material Budgets

POLYTECHNIQUE
" |l Services :
_5" 1.4 gTHT ATLAS 1.4 i |3‘ CMS

F 4 M Beam Pipe l'; H‘f 1

1.2 [lsct 1.2 | m Sensitive 18
[ m Electronics ||| BBl
__.F’lxﬁrl : = Support . t‘h._”
[ [ Beam Pipe w Cooling

m Cable

iia £ 0.8| = Outside | I
L1k

0.6/ 06! i o Al
0.4 0.4
0.2 0.2
3 Yo 05 1 1.5 2 25
Inl n

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 48



Jet Energy Calibration/Systematics

 Direct photon production:
* 99 — qy(90%) qqgbar — gy (10%)
* pr(Jet) = p.(y)

* use peak position to eliminate effect
of tail from ISR

 Estimated Jet Energy Scale

POLYTECHNIQUE

~J
(=]

a)

CMS

P,’ (GeVic)
2
I

| P{=const

Uncertainty:
» Between 3% and 10% for P; € [20,
50] GeV P{ = const

11 | I 1 1 1 L1 1 1 1
20 30 40 50 60 70
Pparten (GeV/c)

o ttbar > WWbb - jjlvbb
* Rescale jet with relative energy shift AC

» Fit resulting W mass spectrum &
constrain to world avg.

* my/(AC|data) = M,,PP¢
e Compare with Monte Carlo

° ~ ="1" - 1)
B0 e world average W mass ror=6 fb-t: ?ﬁ;"t‘jji -J_:ﬁ,f 0-26%

 Requires well understood b-tag
meas (tracker)

. AT  Limited by pileup syst. uncertainty:

-40 -30 -20 -10 0 10 20 30 40 3%
AC(%)
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 49
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CMS PTDR
o Z—-uu Standard Candle

e Derive MET corrections from

Z—pp Sample _—
 Apply to SUSY Sample (to test)

— PP (Z->w)

P2 (Z->1)

CMS

-
<
A

» Useful to help systematically D SRR 0 00 oo
understand MET tails from

 Detector problems in low pT
events
* high pT requires significantly
more statistics

—— P (Generated)

-
<
L

e PT"** (Reconstructed)

—— P (Corrected)

-
<
[}

-
<
&

Number of Events/(10. GeV/c) at 10 fo

 Non-Gaussian Jet Energy mis- 10 el
measurements Ul e
we, -
 Some fine tuning required i = L anem
200 400 600 800 1030 1200 1400 1600 1800 2000

P (GeV)

 But basically works
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MET Shape Systematics

POLYTECHNIQUE

« Study effect of non-Gaussian tails in jet E; resolution

contributing to fake MET
 Approx. 15% of all

 Jet in Non-Gaussian tail: 1.15
e Jetin Gaussian peak :1.00 ;5
« Combine into one event weight

» Three different scenarios =
3 jets under measured 40 60 80 100 120 140 160 180 200

i mISS(GeV)
e 2 jets under measured o
1 jet under measured

Overall Systematic Effect : =7%

jets are mismeasured E o EP=(15%, 1/et/E]™ (nominal) CMS
 Exaggerate W[ —— s 2o omina
non-Gaussian Tails E A —— 5% S0 o
« Weight each jet (up to 3) g |
. Ll L —
in event 11—

u
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Dijets typically back to back
« MET from jet E mismeasurement
Suppress by requiring
 Well separated Jet & MET objects
 Typically > 3 jets
e Cuton H; (~2 pHa)
Muon triggers (include isol.)
 helps...alotl >
Prescaled jet triggers

« extract the low E; shape and
normalisation directly from data

Control Regions

QCD Multijet Background

8 10"

‘::_; 1012
E 10"

e
=3
< 2

Number of Even

POLYTECHNIQUE

P;.'E‘ Distribution for QCD Events

No cuts

“u Trigger”

“u Trigger” + E{7*>900 GeV

“u Trigger'+ E{7¢1>900 + MET>200 GeV

* Relax cuts; Extrapolate into Signal 0 200 400 600 800 1000 1200 1400 1600 1800
Region T (GeV)
6- _""\""\"3"\"“""I""""I"“_
g 1 — "; F}{}O*O—O——V¥F—'—_5:H}H+—.—+_.__
S  lo . TV e . Unpres. | Prescale | Presc. Rate
E os - T - CMS - Cut Rate - Rate Cut .
- ] (GeV) | (KHz) (kHz) | GeV) | (Hz
o6 " ~e super — Single Jet Trlggers inScenario 3: £ =2 x 10 em - s~
-+ HighLevel "= | - Ul f2/0] 003 £ 1 006 [ 52
044 - M B High 290 | 28
: Trigger  fema Med | €0 | 785 | 800 [ 0097 [ 120 | 24
o -= low p
0.2:. _ o ] Low 0.146 | 60 | 28
0 Cyrw T —
Fq.j.*m....\....\..”\...‘|‘..‘|.‘.‘|..7
0 100 200 300 400 500 600 700
Leading HLT Corrected Jet Et (GeV)
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tt background

o LHC Vs=t4TeV  L=10%cm’s’ rate elyearYTECHNIQUE
. barn T T T3
 LO Cross-section =495 pb L e
———cinelastic LT inputem—
e NLO k-factor ~1.7 iLl e il ] e
* Topology: ]
 Several Jets B T e 0 ®
: H Lo - max Detector output - ]
« Missing Energy i max-H-oytput-a o
N - MK HLT inpuf ey
* Leptons Juiinummnntnimmsen s B U
e Irreducible ST\ HTotp——— 4 10°
* High Mass SUSY i |
. - H 10
 Require Even Harder Jets & MET ] I3
I = 10
pb;* 10°
gmHz 10
7 7 10°
fb R . vy ; 10
) Koz A\
Ao e 2N
9 0 20 S0 0 20 0 |

jet E; or particle mass (GeV)
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» Detector readout

DAQ/DCS PCs
IT infrastructures

* Front End builders

* switches

 optical cables

» Surface installation
water cooled racks

infrastructures
DB and Mass storage

« DAQ commissioning
» MiniDAQ

Monthly Global Run

2 X Tb/s Link

Software releases

central DAQ

14 Jan., 2008

100%
100%
100%
100%

in Operation

100%
100%
100%

100%
100%
100%
100%
Installed

in Operation
in Operation
100% tested

Ongoing
Ongoing

R. Ca

Readout

Underground CR (USC)

&

LJ Surfacg (D2S)

?

Data t

Surface CR (SCX)
Readout Builders (RB)

Filter Farms

<

FED crate

680

LVDS cable

PMC-Link (576)
Myrinet LANal 2XP

Input-FED Builder
6x(256x256) Switch

2x2.5 Gbhis link
Optical Cable
USC-SCX ~200 m

FED Builder liks
6x(256x256) Switch

Fibers ~ 20m

RUI-PCI (576)
Myrinet LANai 2XP

Readout Builders (8 RB)
RB: 72 RU x 288 BUFU

Dcs
|D=-=D g::l;ggle HLT validation
' Network Dom

"~
sTTS. synchronous
Trigger Trottle Systems LLE] g L TTC
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HCAL Commissioning

POLYTECHNIQUE

Run 20734, Event 77003

Clear MIP signal HCAL Barrel

{ . Bottoi edges :

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 57



