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Exploring the Terascale

proton-proton collisions at the LHC
correspond to conditions here
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g Prologue
.';1 Lepton-Photon Conference 2009 G. Altarelli

The LHC physics run will soon start, .... hopefully!

After the incident on Sept.19 '08 we must wait till Nov. ‘09
[LEP was closed at the end of 2000] Start at 3.5 TeV per beam

Top physics priorities at the LHC (ATLAS&CMS):

* Clanfy the EW symmetry breaking sector

* Search for new physics at the TeV scale

* |dentify the particle(s) that make the Dark Matter
In the Universe

Also:
® LHCb: precision B physics (CKM matrix and CP violation)

* ALICE: Heavy ion collisions & QCD phase diagram
@ At this point, fresh input from experiment is badly needed
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;1 Experimentally at LHC

- —

Find new particles/new symmetries/new forces?

= Origin of Mass - Higgs boson(s)
= Supersymmetric particles - a new zoology of particles, dark matter particle? ...
= EXxtra space-time dimensions: gravitons, Z’ etc. ?

= The Unexpected !!

Studies of CP Violation (LHCb) and Quark Gluon Plasma (ALICE)

HiggsMaxwellFeb'11tsv 4
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;,] Summarising 2010 ...

The LHC accelerator performed marvelously well - running in proton mode
at V's=7TeV and heavy-ions mode at Vs=2.76TeV/nucleon. Many thanks.

- During the year the p-p interaction rate increased from 102 to around 107 !

- The stored energy in the machine reached around 6% of the design value!

- The transition to heavy-ion running was smooth

- The machine conditions were “clean” and about 40 pb-* (10ubt) in pp (PbPb)
mode were delivered.

CMS (+ other LHC experiments) also performed marvelously well

- The unprecedented and high level of preparation led to quality results
streaming out very soon after startup.

- CMS is very well described in the simulation codes

- Much “physics commissioning” has been done. The precision of some
measurements is already approaching that of theoretical uncertainties.

- New subtle effects are being seen and in many areas the LHC experiments are
exploring territory beyond what has been explored at the Tevatron or RHIC.

“‘an unprecedented state of readiness”
PS: several years of delay were well spent




39 Countries,169 Institutions

CMS DEtector §.£éi?%§5‘§‘3§f§?" 3170 Scientists and Engineers
~im?>  ~66M channels (800 Ph.D Students)

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

Microstrips (80-180um) ; )

~200m ~9.6M channels ~ Bristol, Brunel, Imperial, RAL
CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~76k scintillating PoWO, crystals

PRESHOWER
Silicon strips
~16m? ~137k channels

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil

carrying ~18000 A FORWARD

CALORIMETER
Steel + quartz fibres
HADRON CALORIMETER (HCAL) LSBT
: 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
:15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
x 28.7Tm Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
: 3.8
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CMS: Surface Site in 2000
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CMS: Surface Hall in Feb 2006

HiggsMaxwellFeb
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Spectacular Operations (Feb. 2007)

I
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Cables, Pipes and Oprical Fibres !
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CMS Detector Closed
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LHC Incident 19 Sep 2008

Great state of readiness at start of run thanks to extensive studies with ~1G cosmic
1 events (2008-09), beam splash events (2009), and detector description in MC.

HiggsMaxwellFeb'11tsv 13


http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

Imperial College

London - - -
]
B | CRAFT: Publishing 23 PapersinJ
— 3.8 T T T T T T T
EF ~u1'_%zhm LTI 1T
3.5F o R R 106+~ 7T+ 7T &7 15 T T @ 0T
L 35 I < Thick sansors owa 3 : cms 2008 ] £ b) 4 & [ue CMS 2008
3.4F *  Thinsensors Data  |H 105F . J LE = 0sf
é 33;! If — Bichaet. 500 ym % M ° B=0T ¥a 15 5 f
H r ] c I
x E‘ i - Blchnel. 320 um o 104} + B=3.8T P 3 10 Sosp
< 3.2F m o F ° 1 E L -
31E i Z 103f ® E L m——
nE § E e %“-‘ E 03:_ ® Emulator
3E Al = 1.02f ° LI i “F .
29: a H‘l’ 1= E a 1 L\(tm]=q+m¢\(t&} 02:_
N il S 1o1f E q=-0.56+0.20ns 2
ETIN] ¥ 1 o m=098+002 0_1‘—_._|—'—|_._
2 7E 0 1.00F 2o St Fot e D Wy e * F
E E : b1 I I 1 |
= L. I Pt I I I I I I I I I I I A 1 1 - H HO L HL HH
102 10 099 _1‘0 _|5 (IJ é 0 5 10 Trigger quality o sF R S
p (GeVic) ) Alt ) [ns] 500600 400 200 0 200 400 800 00
Time (Hours) e z3{cm) )8
_ = o ‘ ; ; ; — @ 4:|r..|....|....|....|...c. 5‘21‘)0‘8‘: A AR EAAR) LA Rk RS AR AL AN R
g 2501‘ T T e - E F overall ] £ [T —— 38T: oas2:0003 | £ L] aligned 1
k=] [ Selection: DT + Strip Tracker, B - 3.8T 1 © 180 —— Gustersize 1 CMS 2008 b §35-_ + BT: cot(n,,) =~ ] [ B unaligned |
E - Total Events: 270M B § ' ——--- Gluster size 2 - = ok 'H‘J,- —~—o.n1:mu;q..;-u.nna=o_noef ] 25:_ _____ tracker-only
— 200 B 1.6 === cluster size 3 i - = ++¢ . ] " E 1
1%} r 12 r ] . 3 - E 1
< [ ] C ] [~ ] N L 3
§ 150 — % 14 mm—em ] pmemmd =] ‘% - +1_ H’ _’: f - 20r B
n J C i = L - - w L ]
W 1 12F = R S \ P S S 3
n ] [ S i / 1 ‘@ 15 1
100 - r l 2 I Y A df% 1 (=% [ ]
r 1 b = o r - P - L4 r ]
g 3 h: ] 2 - 4\‘ Iy ] 8 wE =
= —_ s
50F CMS 20087 gF 3 S il P 1 = ¢ 1
C 7 s 1 - e - 3 — r B
b B C ] =120 " 7 ] 5 .
0’ I N Y Y i 06_ ] = F -v,f q n ]
TUNOYTONONOOO T NNTVORRSOGNG T L qu;' qe% &%’ E¢ WIS N ENR S ST NI S S LTI NI BT r
= 2 mr’e @2 @, (a 7 — _
8558888883355 5554558 Femy S = Eom, OQEP(:TH) m 15 5 cot{cx)1 %020 30 -20 10 0 10 50
aver ‘E - : AK/(V2 K) (%)
L0000 4000 2000 O 2000 4D0D 6000 000 ] GMS 200 E =1 . T T - Em*,..,....,......................................:
Xy [mm] A 3, . - E ——— Al Noise 3
8083 ¢ SLM1 45 = W, O H o — DATA combined meth. = E E
N F 1.4 & an= 0 -8 T HPD Discharge ]
- L = SLM2 2 2 CMS| 2008 ] % 10 e Rms-w;um @ ]
- N\, A SLm3 o 20F 1 = E  1.2{__ DATA global meth. T 10 E
E 1 = mean— 0um z E
R = B\~ B ¢ HEEE: E oo S
_!: 8073 / Z \ ‘% Gzé_gn'?w_:w‘ * "L::' T =1 W = - E
7 Yy LAY ® F L e o8 = E
8075 o5 E 4nk ] v— - i 4
o / \\‘ . ; 10: 7 e >l 0.4 - !
-B079 ; : ME-Z "\’ 95 8 -20F 3 /’f"“ 0.2 _:
= E ] H
-Bo&1 \ﬁ 95 B E E 1 500 20 5 250 o anebidbesddi s heoba i b
K - E 100 200 300 400 500 600 700 8OO 0001000
8000 G000 -2000 q.on;:‘sm ;mm;mo 4000 EODO 8000 g 305 o E 1 10 105 (Gevlc) ulp'&d' Wy [uM]  Trigger Towsr Hadronic Energy Threshold [GeV]
. ‘ B 3 Bl m VETTT TP 1]
ém‘ ® Tracker-only - ; - Vo sUUo 40 3 Em + meimez | |
£ = Giobal ’ 55E e F 55 e - MB2MES
% . lmms , w“? w _E ’ il e | % i - meames | ||
s S8 E: = B=0 .
£ == 2 _f wh2mB1 E Who MB1 ~B=3.8T 28 -
= . 255 20 H
+ 2 E k) 3
. e 1s Loa =
Fan £ saf 10 e Al
- e “ sef, W2 MB2 Wh-1 MB2 Who MB2 - Z
Lo, Saszoes AIgySViaxwelFen 11sv s 14
10 w0 o

102
o Gevio) b (GeVic)



Imperial College

March 30 2010: Collisions at 7 TeV
A Big Step Up In Energy

LHCb Event Display
Collision Event at | |
7 TeV

2 §  CMS Experiment at the LHC, CERN

las. cern.ch/Atlas/public/EVTDISPLAY/events.html

HiggsMaxwellFeb'11tsv
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1 The Luminosity Evolution in 2010
Proton-proton running Pb-Pb Running
LHC 2010 RUN (3.5 TeV/beam) LHC 2010 RUN (3.5 TeV/beam) LHC 2010 HI RUN (3.5 Z TeV/beam)
5 ! YA ? | BEA : ‘
;:3 103 ?"'PRELn\ﬁlN‘ARY“&ﬁ0%'§ca|é')'"“ 18 5 3 | £ j PRELIMINARY (+10% scale) |
< | = 3 2 ol Z 10f e
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£ f E ‘@' 'ATLAS 5 8§
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Eeﬂ ATL g 20} .......................... ..................... E 4
10 | B AUCER 13 s |
. _‘ﬂ_ CMSITOTEM 10’ B e S 2— R RRALOtS RECESURITLS®Y - v - - - - - CEeE TLRETEEEPPETERTLEePRTEPR T SRPRTPPRECESRR IO
0 | -0~ LHCb | | L -
100 150 200 250 300 0 300 %10 315 320 325 330 335 340
* ALICE : low pile-up limited since 01.07.2010 day Of year 201 0 day Of year 201 0 day Of year 201 0
(\v c |

Luminosity increased by 5 orders of magnitude
half of integrated luminosity delivered in the last week!

Level-1 and HLT were rapidly changing !

HiggsMaxwellFeb'11tsv
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B CMS: Good Operational Status in 2010

PIXEL TRACKER |
STRIP TRACKER |
PRE-SHOWER
ECAL END-CAP |
ECAL BARREL |
HCAL FORWARD |
HCAL ENDCAP |
HCAL BARREL
MUON-RPC |
MUON-DT |
MUON-CSC

Essentially with Design performance.

90 91 92 93 94 95 96 97 98 99 100

HCAL | HCAL | HCAL | ECAL | ECAL | PRE- | STRIP | PIXEL
BARREENDCAIFORWA BARRE| END- SHOWETRACK|TRACK
L P RD L CAP R ER ER

Seriesl| 985 | 99.8 | 98.8 | 99.9 100 999 | 99.3 | 989 | 99.8 | 98.1 | 98.2

MUON-|MUON-|MUON-
CSC DT RPC

Proton-proton

LHC Delivered 47 pb-,

CMS recorded 43 pb?

Overall data taking efficiency 92%

~85% with all subdetectors fully operational

Heavy (Pb-PDb) lons
LHC delivered ~ 10 ub-,
CMS efficiency > 95%
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Selection of Interesting Events

CMS uses a 2-tier “trigger” system to select interesting pp collision events
for use in physics analysis.

W
0w

COLLISION RATE

A collision is considered
Interesting If it contains high
P+ objects

(electrons, muons, jets, E,MsS)

100 kHz
LEVEL-1 TRIGGER

1 Terabit/s
(50000 DATA CHANNELS)

500 Gigabit/s

Gigabit/s SERVICE LAN

Detectors

L

Time  Pattern

E#ZE %

Energy  Tracks

11
Charge

vapra]p
(54

|

£4d

r

Computing service

3

16 Million channels
3 Gigacell buffers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. A large svitching

network (512+512 ports) with a total throughput of
approximately 500 Gbit/s forms the interconnection
between the sources (Readout Dual Port Memory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event filters and distributes event building commands
(read/clear) to RDPMs

5 TeralPS
EVENT FILTER. tt consists of a set of high

performance commercial processors organized into many
farms convenient for on-line and off-line applications.
The farm architecture is such that a single CPU
processes one event

Petabyte ARCHIVE

HiggsMaxwelFel e hundred Hz to mass storage 19
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Data Transfers, CPU, Analysis (jobs, people,..) ...

The whole offline and Computing organization + GRID infrastructure

performed very well.

Hourly Peaks to Tier-1s of 600MB/s

| Express FEVT Latency | Entries 44185
Mean 60.48
@ :J RMS  93.52
2000/
[43] L
w L
20000 |
2000l Mean is 60.5 minutes
o I - -
* {| Targetis 60 minutes
6000 [t
40001
20001

I
0 200 400 600 800
Latency to CAF (mins)

Terminated jobs
30 Days from 2010-06-15 to 2010-07-15

| R(E)utignelzy >100k jdbs per da;y

- e _
%UIU 06-172010-06-2(2010-06-232010-06-262010-06-292010-07-022010-07-052010-07-082010-07-112010-07-14

2010-07-11

Eer ._ =
2010-07-12 2010-07-13 20]0 07-14 20]0 07-15
Time

480

360

240

120

0]

307

20

Events Written
—
tn

—
=

05

0.0
Thu 07
Jan 2010

Change of slope

with ICHEP

and FastSim
250M New
Simulated Events
per Month with T2
and T3

\

Thu 04 Thu 04 Thu 01 Thu 29 Thu 27 Thu 24
Feb 2010 Mar 2010 Apr2010 Apr2010 May 2010 Jun 2010

>1000 different individuals submitting jobs

—  |Individual Users

2010

HiggsMaxtEIFeR Rtsy?2 45 48 S|

2 5 8 11

14 17 20 23 26
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CMS is well-described in computer code
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e.g. comparison in the Tracker

—

y (cm

CMS Preliminary 2010

A
-

30—

20

R Sk

10

T T T [ TRt el 1T,

L O L

A A

-20

Sl
R

S P R

" Ho.01

A
nucl. int., Data\/s=7TeV

x (cm)

el g

0.03

0.02

A —10.005

Monte Carlo events are simulated using GEANT-4 based model of the CMS
detector and reconstructed & analysed using the same software used to

process collision data
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Entries

Number of Tracks / 0.1 GeV/c

Examples of CMS Performance

Track p (GeV)

4.5GeV

EE-TECD

[ o
1~ 2851+ 03397

Lc 025ES = 00N |

CMS 2010 PRELIMINARY T TeV
ECaAL Barrel

timing resolution

22000 T aE T T
20000 1% 4
18000F 1 =
- CMS preliminary 3 & 35
16000 Data - 2010 = a
12000} e h 2.5
100005 tri 3 2
8000 : HS IpS. E 15
6000 S|gnalln0|se = '
4000F = 1
2000 | 1 s
0.:_u_lf. .......................... ]
10 2030740 50 60 70 80 90 101 05
al-To-Noise
Silicon TrackerT
" CMS Preliminary | ,50000
10° Us=7TeV g 45000
5 + Data 40000
10 @ Pythia 8
spectrum of 39000
104 pT P . 5 30000
charged particles & .0
103 ?: 20000
102 _; 15000
1 10000
10 5000
1 1]
0 5 10

20

ECAL

40 60

w III\|II\I|IIH|IIIIHI TTTTTTTTITTT III*I‘Illlllll\

CMS 2010 Preliminary
[ Imc

—— Data

n (angular) distribution
of ECAL deposits

Sw
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Physics “Commissioning” of CMS

|

2010 run 40 pb* collected
(corresponding to = 3 trillion pp collisions examined)

Commissioning of Physics Objects very well advanced
— Charged track reconstruction, electrons, photons, muons and taus
— Jets & MET
» Refine noise filters, cleaning algo’s

» Optimization of jet algorithms for resolution, scale, lepton and y fakes,
etc.

— Commission higher level algo’s
* B tagging
 Particle Flow
Also calibrate with known objects
— Study candles for leptons and photons
0 n0m,..Y,y,... initially to understand the detector, tracking, object id’s
« Extended to W, Z — leptons

HiggsMaxwellFeb'11tsv 23
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b-tagging

» EE ECal
» [EE HCal
+ B[ Jets

EOeto |273] -03] -241

Bt [160] 08[ 1.1

OfJet2 | 73| -1.3] -23

OfJets | 45| 44 30

OCJet4 | 44| -20[ 10

O0Jets | 43| -03] 041

OCJete | 42| 44| -10

OfJet? | 38| -04| -25

OCJets | 35| -15] -15

OCJets | 28| 30 24

OOJet 10| 25| -1.8| -25

OCJet11] 15| -06[ 04

Ofet12] 13| 38| -24

Ofet13] 12| 37| 20

OEJet 14] 1.1 07| -27

Em Tracks

[E=m tAuons

[E[E Electrons
OE Yetices

Em OT-segments
Em C3C-segments
=@ FPhotons

MET

CE aksPFJets
OE verexterger
OFE verexFinder

Y ¥ ¥ VP VP YN VY YYYYY
]
m

E[E genParticles

OO verexTrackassigr

i

Em inclusivevertices

0000000000060

BB

CMS Experiment at LHC,
Data Recorded: Sat Apr 2

Lumi section: 795

Two b+jets candidate

HiggsMaxwellFeb'11tsv
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Analysing Complex Events

CMS Experiment at the LHC, CERN

' Datasecorded: 2009-Dec-14 03:51:28.667244 GMT
Run: s, B 124120
9 Event: . 6613074
i section: R, W 22
. G, A ® ®
Qi P Y
Croséih‘g’;u,'““_'f /Y

(c) CERN 2000, All rights reserved £ http:/iguana.cem.chlispy




Imperial College

Analysing Complex Events

Combining Calorimetry and Tracking

0 PFJet 1

pT 41.5 GeV/c Q
2

PFJet 2

o pPrS GeY o T T T e

PFJet 3

ot 21.8 GeVi/c Q
-2

PEMET (1.9 GeV)

(n,®) view of a particle-flow reconstructed event. Reconstructed particles are represented as circles
with a radius proportional to teir pT. The direction g the MET computed ftom all particles is drgan
as a solid horizontal straigitépe. Particle-based | ith pT> 20 GeV/c shown as thinner c%es 4
representing the extension of the jet in the (n,@) coordinates.
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Missing E; Peformance of CMS

= 30
gm’x:ml%gllzg‘%u 2.36 TeV data 2 |~ typel calog, (Data)
| PNQ‘[’ 1 S | — typel calof, (MC)
o5 _ —t+— type2 calog, (Data)
pr 41.5 GeV/e Ty — type2 calok. (MC)
g - —+— tcE, (Data)
= 20 I tEET {MC}I
8 [ —+ pig, (Data) L
S T plE (MC)
° 15
10
S \s=7TeV
i CMS preliminary 2010
pr 21'8 Gevk i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
inorithm: Antii s DD 50 100 150 200 250 300 350 400
Jet algorithm: Anti- Calibrated pfzE; (GeV)

Excellent MET resolution and small non-
Gaussian tails. Understanding all sources of
erratic noise is very important for cleaning
HiggsMaxwellFeb'11tsv the distributions. 21
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Muons In CMS

CMS Preliminary,\s =7 TeV

Vic?)

£ 10000/—
> N

> E

g E plm ¢ \-U w g o r :;].r.:: ‘110 pb!
%105 _g T] wl Y(.I ’2’38) % 600({ o =67 MeV/c
g - —> a000}-

L

2000}

9.5 10 10.5 1 115 12
p*u mass (GeV/c?)

10°
10°
10° &
= CMS Preliminary
10
= \s=7TeV, L =40pb’
1
= Di-muons
T | AT ! AN
1 10 107

w*n- mass (GeV/c?)
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Electrons in CMS

rfg E I T T | I T T E
> 0L WA v, .
M Y -
B sl z ]
210 E
m — —_
U}J B ]
10° = =
10 ~
~ CMS Preliminary 2010 =
1 & Vs=7 TeV, L_=35 pb" E
~ | di-electrons H“ﬁ
B | | | | I I | | I |
1 10 10°

e'e’ mass (GeV/c?)
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a The Physics Reach - Startup

= A number of signals both from the SM and from beyond are
visible over a large part of the parameter space with a
fraction of a fb2.

¢ SUSY: 500 GeV sparticles: large production cross section,
spectacular signatures.

¢ Extra dimensions: significant reach for Z' etc
¢ Compositeness: reach multi-TeV very fast
¢ (Higgs enters a little later with higher integrated luminosities)

» Of course, all these signals can be claimed after
understanding Standard Model channels (as backgrounds)
¢ QCD jets, prompty’s, Jly, y, ....
¢ b-quark production
¢ Drell-Yan, W+Z production (plus jets); multi-IVB (WW,WZ,ZZ7)
¢ Top quark

HiggsMaxwellFeb'11tsv 30
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;,] Inelastic pp collisions: Characteristics

« Minimum bias events

— Non single-diffractive event selection (correction 6%->2.5% systematic
error)

« Soft QCD (P threshold on tracks: 50 MeV)

I | T :I T T T T TT1T1T I T T T T 117 II T T T 7117 :
i CMS 7~ * uainsD O MAL B.C. inel. CME—_
6L ® * e, o ® % - ¥ STARNSD % ISRinel.
7 Tev e @ 6 r A  UASNSD o UAS Inel. ]
B B i B CDF NSD & PHOBOS inel. * ]
- T % ALICENSD ¢ ALICE inel. 3
LA “i\é! bﬁf%‘ * 0 5 ® cmsnsp -
£ 4 " 2.36 TeV A, s i T &
B 2 N = r - _
2 Umwﬂ%%@%@eﬂ wcg . | 5 4 . :
= | 0.9Tev ] 5 i 1
o = 3 _
L © C 1
ol ) CMS NSD h ) - E
- AN ALICE NSD . r i
] Z_ P S — 0.161 + 0.201 In{s) =
o UAS NSD L S 2.807 - 0.315 In(s) + 0.0267 In’(s) -
r 1.54 - 0.096 In(s) + 0.0155 In“(s)
f ]
0 1 | 1 L L | 1 1 1 | L U'I Lol Lo Lorin
-2 0 2 10 10° 06 \{1103 10°
n : : . NS el i

« Particle density in data rises faster stronger than in model predictions. Tuning
effort of MC generators....

* Marginal impact on high-P; physics

HiggsMaxwellFeb'11tsv 31
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1 Two-particle Correlations |
Signal distribution: cvent 1 Background distribution:
S (Am.AG) - 1 d’N™™ B. (An.Ag) = 1 d°'N™
v(An.Ag VN -1y dAndAg w AT N dinalp
S0.04] S R =003 A
<10.0 Event2 <
Eu.nz ............ gu.uz
7 0.01 =t
(IR 1)} 0. (M)
4 4
2 2
“-"ﬂ 0 T |}
> 5 CMS pp 7TeV S ay
An=1n-mn, = .xf’”iiﬁﬁﬂwf' 3%a
AQp=@, -, S R | .
y(ATLAP)
R(AnAg)={ (N -1 -1
E (An.A@) (( ){ B, (An.AQ) )>N
o

p.-inclusive two-particle
angular correlations in
MinBias collisions

0
4 -2 N
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Two-particle Correlations ||

arXiv:1009.4122 (a) CMS MinBias, p_>0.1GeV/c (b) CMS MinBias, 1.0GeV/c<p, <3.0GeV/c

=
: : <1
I Min Bilas g
3
pr > 0.1 GeV/c 1.0<p;:3 GeVic
(c)CMS N =110, pT>0.1 GeVic (d) CMS N>=110, 1.OGeV/c<pT<3.OGeV/c
N > 110 3
=
<
980 nb-L - .
Special Trigger 2

Calo Sum E;>60 GeV %% ¢
N_, ¢ (ONling)>70. 85 4 ogmamerreriisy -4 Not expected



Imperial College
London

The Hard Scatter

Jet Algorithm
Anti'kT, R:O.S

Typical of hard scatter
e, uv:Er>20GeV
Jets: E; > 20 GeV

Isolation
E..p; < threshin cone

AR = /Ay +A¢
AR ~ 0.3

Hard Scatter

H; - scalar sum of E; of all jets with e.g. P+ > 30 GeV/c
S - scalar sum of E; of N individual objects (jets, e, u, y) with e.g. E; > 50 GeV/c

Transverse Mass,

M, = \/2E;‘E?iss(1 — CosAg

e, miss

E
o, =—2<0.5

I-Zli,ggsMaxweIIFeb‘lltsv 34
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W The Hard Scatter: Inclusive jet production

The measured jet production rate is in
: good agreement with theoretical

Ao § ;‘ | predictions (within errors).
] CMS preliminary, 60 nb1 \'s =7 TeV
>1011| IIIIIII |||||||
Ca|0Jets ()] ® |y|<0.5 (X1024)
S B o 0.5<lyl<1.0 (x256)
o 107 A - 1.0<lyl<1.5 (x64)
NG s 1.5<lyl<2.0 (x16)
ORReUINS \\\ N // TN . 2.0<lyl<2.5 (x4)
Stable Particles GenJets AN NNN\% 2.5<lyl<3.0 (x1)
O 5 F Ny 1
. S
Hadronization © :
Theory | & 10° o
and \ f / A g
Modeling N 1 L ) Q@ T
S 07 RS - 10E — NLO pQCD+NP* A\
i / ’ artons .- [ Exp. uncertainty & !
101 Ant| k; R=0.5 IPF |
20 30 100 200 1000
P, (GeV)
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v candidates / 0.001

Prompt Photon Production

Py
Pi Pi Py
P Pa Pz Pa
(a)

Pi Py P Py

Pz Pa Pz Ps
_I LI | L I I | L I LI LI | I LI | L
5000 -_prompt z CMS Pmllmlnaw 2010 __
- \Ns=7TeV i
- L=29pb" i
4000 _
[ 40 GeV <E; < 45GeV
3000 u —e— Data .
i —— Fit result ]
I Background i
2000} : component 8
- ; Bkgd :
1000 from ]
i ‘rr / decays | ]
0 _I L 5 l 'I':I | I L 11 | L1 i oy J. & ¢ = I I_
0.005 0.01 0.015 0.02 0.025 gﬂ
m

Shower width in n

03

d’s / dE] dn’[nb/ GeV ]

Data/ Theory

¢

1 CMS Preliminary 2010 _
= Vs =7TeV =
- = L=29 pb™ m
- - 'l < 1.45 .
1 —a—

107 = o 3
- . E/>21GeV 3
10% - s —=
- — e a
3 |
10°E 4 Data =
- Stat. + syst. uncertainty J
B ©  NLO pQCD JETPHOX 1.1 . ]
104 — CT10 PDFs / BFG-Il FFs ]
g Hg =K = pg = Er g
1 L | | | Lo | | L]
20 30 40 50 60 70 80 100 200 300
E] [GeV]

. - - -
1el— CMS 2010 —%— Data/JETPHOX 1.1 _
- s =7 TeV CT10 PDFs / BFG-1l FFs -
- L = 2.9 pb™ Stat. + syst. uncertainty N
1.4 __ mhl=<14s ... Theory scale depende:lce 1
- Comparison ... . POFa uncenamty ]
12 with theory ]
- SR ey R
hl Epy— 1 ]
o.8|— ]
0820 30 20 50 60 70 80 1c|:0 200 300
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.‘1 Intermediate Vector B

Woev| Zo k]

CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN N A—
Run 133874, Event 21466935

Run 135149, Event 125426133 E—
Lumi section: 301 Lumi section: 1345 /

< | sat Apr 24 2010, 05:19:21 CEST =) Sun May 09 2010, 05:24:09
Electron p = 35.6 GeV/c \\ Muon p= 67.3, 50.6 GeV/c

ME; = 36.9 GeV Inv. mass =93.2 GeV/c?
My =71.1 GeV/c?2
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|

Intermediate Vector Boson production W= and Z°

i T
electron(s)
CM5
ﬁ I [u'_ll IE,Eph"mlﬂ'i-?lTw ]
: m'lsﬂ -
o B 7
Q ¢
g 3100[ ]
e
o
m ¢, :
= L
N ° e
I
M(e'e) [GeV)
::l H-I'Da"l L B 'It':"'lls
@ [ (a) 28pb’ at \E=7TeV ]
c ¢ '
) Q3 . o
m 2 W—'hi
:’ % 2 — aco
g °
g |
£
S ¢

Q

Transverse Mass, °

20

40 60
£, [GeV]

M, = \/ 2E;E;™ (1-cosAg,

miss

muon(s)
CMS
- N T y | .
Eam_ (b) 29pb’ &t =7 TeV
Al ]
= | = odata
% L Z—p*y
%zm— -
5
g
£ 100 -
=
=
-—4-‘*[*’ . i .
%o 80 100 120
M(u"w’) [GeV]
=10° CMS
:? N =1 L | LI
(3 [ {b) 289pb! at JE=7 TeV 1
< 15F a
=0
E -
§ [
D 1 —
B | ]
E ]
E05 -
= ]
% 20 40 60 80 100 120
M; [GeV]

HiggsMaxwellFeb'11tsv

s
]

10

Events / 9.0 GeV/c®

L]

Q45
o

3
107,

u E'T T
= {f [EMS Preliminary 2010
@ L =1.Tpb e =T TeV

tau(s)

™rT

R TTBar -

W —stv ]

ElZ-up

W — v

Jaco

1 [ Pt
1 = DATA |

CMS Preliminary 2010 |
L,=1.7pb "% =7 Tav

20 40 &0 &0 100120140160 180
visible Mass[GeV/c"]

20 40 &0 80 100 120

M, (1, MET)[GeV/c?]
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W= Z°production: Confronting Predictions

arxiv:1012.2466

CMS 2010 29pb' @\s=TTeV
§ | I | I I I | I o I W _— E 20 ATLAS CMS | I | | I |:IITN I.I‘nEEnleyIH”‘/n | ‘ | | | | | |
= O CMS 2010,2.9 pb* W A= 03405 2.0 pb”

m 10 ™ CDFRunli w oo ok fw oxB(W) HH 0.953:0.028,,, £ 0048,
% = O DO Run I 1 x : = - -
o | b oue 1o ;7 o e | 0B e im0,
| Z ] L ] )
af T T AV | GB(W) HH 098003, 1008,
1 == = 3}
- 1 .l _ B(Z)  HaH 090008, 000
- — lumi.
- - =) Rg  Fed 0%0:003, 0004
107 — s 2
— Theory: FEWZ and MSTW08 NNLO PDFs [ i ] Ry, 100260038, £ 008,
[ 1 1 1 1 L1 | 1 | 1 1 L1 I 1 | [ ] 1 1 | | 1 1 | | | | | J 1 | | |
0.5 -
0.5 20 7 TeV 06 08 1 12 14
Colllder Energy [TeV] Ratio (CMS/Theory)
Ns;
| - Signal
olrp = WX) =7 Ldt
W X eW X f ( HiggsMaxwellFeb'11tsv 39
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e,u

.. [pb]

| CMS Preliminary
10°1-0-84 pbat\s =7 TeV
E elutiets, Nb_mgsz 1

10

—e— Data

B

[ W-siv (+ light jets)
|:| Ve(e+X

[ vbbsx

I 27 (+ light jets)

[ QCDIy+jets
QCD uncertainty

3 >4
Jet multiplicity

107

10

B I I I I | I I I I | I I I I | I I I I | I I I I I I I I | I I I I _
| ® ATLAS -~ NLO QCD (pp) i
| Preliminary —— Approx. NNLO (pp) | g
(2.9pbT) e NLO QCD (pp) T
—YCMS - Approx. NNLO (pp) ..o —
— (31 pb-1) ’_- —- -
. = CDF N
~ A DO = 27 300¢ - 1
- 250F 17
;‘i: 1 1 f: | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

1 2 3 4 5 6 7 8

\s[TeV
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Central Heavy lon Event

CMS Experiment at the LHC, CERN (‘3
Mon 2010-Nov-08 11:22:07 CET| -~

MS,
o
Run 150431 Event 541464 il
C.O.M. Energy 7Z TeVi¥—

P it

/ hR
/’/FQOG/‘ [

o

g \?

HiggsMaxwellFeb'11tsv 4
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Quarks and Gluons in a Dense Medium

* Fragmentation of quarks and gluons into jets is strongly modified as they traverse
the quark-gluon medium created in head-on (central) high energy Pb-Pb collisions -
labeled “jet quenching”.

» Such effects were observed in at RHIC for single particle spectra and particle
correlations.

At the LHC one can fully reconstruct the jets!

C 1| CMS Experiment at LHC, CERN
il Data recorded: Sun Nov 14 19:31:39 2010 CEST

/

Run/Event: 151076 / 1328520
Lumi section: 249

Jet 0, pt: 205.1 GeV

\Jet 1, pt: 70.0 GeV|

HiggsMaxwellFeb'11tsv
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p; (leading J_et (1_)) > 120 GeV, Asymmetry AI _ Pt1— P12
pr (sub-leading jet (2)) >50 GeV pT1 + Pr2
@ ows s PO faesrwt  f©
02 - ppVs=70TeV  — —»— PbPb 5, =2 76 TeV | + p,, > 120GeVic  _
;ﬁ-[r_FI:ﬂ,S ;mhveﬂmle, R05 | *’;’:"i"“"
011 4 * Peripheral |

Event Fraction

Event Fraction

50-100% |

10-20%

11 | 1
02 04 06

| 11 1
08
A= {pT,‘I_pT,Z)f{pT,f'-pT,Z)
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ndn 7 Quarks and Gluons in a Dense.Medium
~@ Where does the 'quenched’ energy go?

A large fraction of the negative Out-of-cone contribution is carried
Imbalance from high p+ is recovered in almost entirely by tracks with
low momentum tracks 0.5< pT <4 GeVl/c
T e e TG [T e B e owaae ]
f'?a* 40 PYTHIA+HYDJET _“_ % 10-20G0Ve - 40 PYTHIA+HYDJET 0-30% AR<08 T % 10-20GaVle AR08
- B ] = :: - s{;n E;w.: 3 i T = :: - s;n E,r:%
;Ej 2(]_ ’__|I;— I 8 N 20:_ _:_ 8
g- C i | §
0 = 0
I L e
3 [= Tt -
C p,, > 120GeVic i - O p,, > 120GeVic
E _4ﬂ_|:|- > 50GeVic T _ i 4{}‘_% =50GeV/ic L -
8 - ’? <18 Perlpheral S ICenltral - [%% W< |n_cone | OLllt-Ofrcorlle
E ‘“é...s T e b TP e o meme 9 oworcome ]
EB aol - : T _ a0l AR<DE8 T AR=0.8
sla_ C ThiFh\s.._l:l"BTe\F . T _ [ PYTHIA+H T
- |Ldt=67pb ' T i - T P
i | 2(]:— r ; : : '_.I_ 8 - o0l £ =
o B ’ L 5 e
I 0 {B; 0 il e
RN P ¥ ok b
r pTI1=-12{lGeWc r prl1}12ﬂGeWc ]
_4{]‘_ P, =30GeVic _40- p,, >50GeVic N
[ oAb >3 W, J<16 [ oAb 3 W )<16
| 'Ulﬂl - 'ﬂl-El 03 04 o1 02 03 04 — '{}I.1' - '0{2' - 'U.|3' - 'n:].|4' e II::||.1I - 'o.lzl - 'n’sl - 'o.lxil -

A, A A A,
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Start Exploring the Unknown!

Numerous possibilities (examples below)

Sub-structure

Exotica:
Leptoquarks
New gauge bosons (W', Z’)
New resonances (W-Z-like)
Fourth generation (b’)
Large Extra Dimensions
Microscopic Evaporating Black Holes

Supersymmetry
Squarks and gluinos
Decays into jets and MET
Decays into photons (GMSB)

SUSY-based exotica: R\ ‘ :
Long-llved part|C|eS HiggsMaxwellFeb'11tsv | 45
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ij Leptoquarks (I)

- —

 As name implies, they are both “leptons” and “quarks”: i.e. carry
baryon and lepton number — & color (large o!)

— GUT-inspired models, with (hypothetical) proton decay acting as one of
the main motivations

— Decay: into Zg (branching ratio ) and vqg (BR=1-f3)
— Easier searches (e/w): first two generations, LQ1 and LQ2

« Pair-produced (gluon fusion) final state:
look for: pe

Use variable S;= Sum E; of all objects
(including ME) with E;>50 GeV

HiggsMaxwellFeb'11tsv 46
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>

Muniber ol events Fhin

=

=]

Leptoquarks (II)

Main irreducible bkg: DY+jets; 2"9: top production

— In situ Z+jets measurement + measured top cross section in the dilepton channel to
estimate both bkgs

O ee]

-----

-'—r}..l.'.. '\J _||':l
byl L
= I
Cleer bt kg ivvasid
e L, B e 2000 R

IIIIIIIIIIIIIIIIIIIIII

mbticr of events Shin
H T
-

Limit on

| CME

T T T
—=— [aig, 33,1 pk

eeJJ el

e Sk g ||-\_'\-_-
- 1ECQ, ".I -|-I=l.'l|:||."'.

Limit on

{els

||

M(LQ1) [GeV] M(LQ2) [GeV] pRug

299 316 )

384 (exp: 391) 394 (exp: 394) |..
L. ™ = i) GieV'

HiggsMaxwellFeb'11tsv

LQ1: S; > 340-660 GeV
2 events observed:

consistent with bkg
estimate

LQ2: S; > 310-700 GeV
for M o, = 200-500 GeV,
5 events observed;

consistent with bkg
estimate
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Compositeness: do quarks have sub-structure?

Search based on ratio D socyon
of hadrqnlc j?t pairs ton S e
(leading dijets) _quark _
® 5
ZDijetS 10Pem )
17|<0.7
R - ﬂ rr T T 'E 1_6_ |||||||||| T T T 171 |||:-| T 111
g ZDijetS = E CMS @ A © tems VA :
91051 Vs =7 TeV 1.4\ s =7 TeV .
0.7<|n|<1.3 i Fa 2.9 pb! - 29 pb’ : .
o 1.2F P /| = Data ]
) 104?_"};, *In|<0.7 E " / |—Null Hypothesis |
Antl-kTS - e a0.7<|n|<1.3 . 1E f [ Syst. Uncertainty| ]
p(Jet)>25 GeV 10° 3 ‘f'?:uu 3 0 B;— ‘ [ AoaTeV ;
10%¢ "T":n 3 : ‘ |
O e
- T §
‘ et
E 1 E

:IIIIIIII|IIII..III|=I|IIII|IIIIr
100 2000 3000 500 1000 1500 2000 2500 3000
Dijet Mass (GeV) Dijet Mass (GeV)
The observed limitis A < 4.0 TeV at the 95% CL

(expected limit s8-8V, previous limitis 3.4 TeV)
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How many space-time dimensions are there?

Law of Gravity c GMm

In 3-D( large dim):

e.g. in 2-D («~ large dim): F « 1

Number of space-time
dimensions determines form
of force observed

Gravity may propagate in 4+n dimensions,
would see effects only at very small
distances, perhaps reachable in pp LHC
Collisions e.g. New particles — Z-like

Strength of Forces

Planck mass could be a “mirage”

|
|

(1mmy"yr M Mpianck
| TeV

HiggsMaxwellFeb'11tsv 49
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- spin 1: predicted by grand unified
theories, Kaluza-Klein (KK) models

- spin 2. graviton excitations GKK arising
In the Randall-Sundrum (RS) model of
extra dimensions

CMS preliminary ﬁ:?Tw.J"L ot =35 pb”

E 1r o v o - —II—IEH':TI.I o ! .

s & a's Channel LLLL ee Combined
. B i

§ — P Locn 1027 GeV | 958 GeV | 1140 GeV
= Ty (750 GV — 29 Z, 792 GeV | 731 GeV | 887 GeV

Gy kMo =0.05 | 778 GeV | 729 GeV | 855 GeV
Gue kMo =0.10 | 987 GeV | 931 GeV | 1079 GeV

Tevatron update on Jan 24 (!)
TABLE I: Mass limits on specific spin-1 Z’ models [12] in data
with 4.6 fb~! of integrated Inminosity at 95% confidence level.

BO0O 1000 Model Zi Zsee Zn Zy Zy Zy Zsmu
m{ea) (GaV) Mass Limit (GeV/c?) 817 858 900 917 930 938 1071

NaxwellFeb'11tsv
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QY

Search for Virtual Graviton Effects

e.g. Probe models with Large Extra
Dimensions where gravity alone is

allowed to propagate

-Offer a solution to the heirarchy problem

by “lowering” the apparent Planck scale

MPI ~ 10%® TeV to MD ~ 1 TeV

-Signature studied: non-resonant
enhancement of di-photon cross-section

due to virtual graviton effects

QROXOXONOXOXO.

Gkk

v

% =1 I LI I LLBLIL I rrri I rrri I rrri I rrri I LI I LI I IIIII
. (7 Dijet |
O 102 T et 5
Y [N Diphoton =
rE M, =1.2TeV, n, =5
t O & 0000 e M, =1.5TeV, n, =2
g 10 —e— Data =
W F | CMS 2010
. 34pbrat\s=7TeV
1E e L TS LS =
: eIl IS B R R TS E RS :
107 -
10-2 g ..'.I.. R
:I I LI 11 I LIl 11l I L1l R
100 200 300 400 500 600 700 800 900 1000
m,, (GeV/c?)
GRW Hewett HLZ (limits in TeV) |
A=0 A<0 n= n= n= n= n= n=

Figuses-highlighted in green are the highest to date
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.;1 Microscopic Evaporating Black Holes

THE signature of low-scale quantum gravity (M, << M,,))
BH formation when the two colliding partons have distance smaller than Rg,,
the Schwarzschild radius corresponding to their invariant mass
Cross section from geometry: 0 = tR¢? ~ TeV2 (up to ~100 pb!)

Microscopic BHs decay instantaneously via Hawking evaporation
emitting “democratically” a large number of energetic quarks, gluons, leptons,

photons, W/Z, h, etc. Candidate event with 10 jets

g ~rg OI15 E ool BLIE ER
(S r ‘.a-f-tv

Expect lots of activity in the event, so -
Use S;= Sum E; of all objects \?’ A
(including ME-) with E;>50 GeV LE "V
(good for avoiding pileup — also in the future) % ,;'-' /\&
Y

HiggsMaxwellF.. —..c.
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Search for Microscopic BHs

— 7 [ LA L s s A B B L E L DL pn
5 107 |-
> [ CMS Simulation
@ 10°H =
s Js=7TeV
Q u
< 10° QCD Pythia6 -
. — N=2 ]
10 -
101 -
10° B
10-5 e ey by b by -!j_ﬁu I
0 1000 2000 3000 4000 5000

Inv. Mass (GeV)

The shape of the S; distribution is expected to
be independent of event object multiplicity N

-~ — Y — —_

o ez a)| o Wed b}

{ﬂ L] Data -F'rnje}:\-"ﬂ {ﬂ L [~ 1H -arlﬂﬂ:l'u-\.m!
LR E - - ol

i Sackoroind T 1 Background -t'h“:l'

8 Lirasesmtadniny Tl 8 Unoatainty Fac =]

— WLz 18 Ted W =30 Te na B — e Mo 1 ATV M =230 e nab

‘E W, = 20 T, W= 30 T, no=d "; , My = 20 RV M =20 T n =&

£ M, = S0 ToW, M = B0 e, n= 2 = 10 My, = 3.0 TV M = 3.0 T, n =2

o a ] B a ]

g CMS, 35 pb Gi 1o CMS, 35 pb" |

=T TeV |

Events / 100 GeV

—r

10

7 T T T T T 1 T T T T | T T T T T 1
— N=5 C) :
= o Data 3
- Background _
A Uncertainty |
= R Mp=15TeV,M]"=3.0TeV,n=6 :
R M,=20TeV,M™=30TeV,n=4 |
[y, M,=30TeV,M["=30TeV,n=2 _
- arXiv:1012.3375 -
- CMS, 35 pb™’ -
. Ns=7TeV =
E I 1 1 | | | [l 1 1 1 | 1 [l 1 | | | E
1000 1500 2000 2500 3000
S; (GeV)

Normalized to 1000 < S; < 1100 GeV

NoO excess, so set limits
Mgy > 3.5-4.5 TeV
(semi-classical approximation)
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B Supersymmetry: a New Zoology of Particles?

Gluino decay chain for LM0

m [GeV/c"]

F—bb +cc (54%)

b — LW~ (43%)

[

zm: i :
1 iz a0

Searches require (high-P;) jets + ool " ik — |

(high) ME; and charged leptons: [ neutralino (LSP) if; =X ud, i €5 (66%)
- 0{ (all-hadronic); ui ‘

- 1L

- 2{ (and break down into OS and SS)

HiggsMaxwellFeb'11tsv 54
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SUSY: jets+ME;

« Strongly-produced squarks and gluinos
with M>400 GeV

Decaying into SM patrticles (e.qg.
guarks) plus LSP; either directly or
after a long chain

Huge background from QCD (several
orders of magnitude).

Strategy: use kinematics (o) to
reduced it to negligible level, then
tackle next bkg

« Veto leptons to avoid EWK
backgrounds with MET arising from
neutrinos

Largest remaining bkgs: Z(—vv)+jets,
W(—L v)+jets, t-tbar

HiggsMaxwellFeb'11tsv

or for 2 _ Er,
jets: “r

Expectation for QCD: a; = 0.5
Jet mismeasurements: a;<0.5

1H,—AH,
2 M,

ar forn o =
jets:

(form two pseudo-jets —
defined by balance in “pseudo-
jet’H. =& E,)
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1 SUSY: Jets+ME;
ﬁ c'InsIprle“Irr.ilrla.lry |ZDI10I T | T T T | T T T | T T T | T Llnt = 35 pb-15% = 7 TeV
q E _ -1 _ E —_— 500 B 1 1 I 1 1 I 1 I 1 1 1 1 I 1 I 1 1 I 1 I 1 I
10° _[ Ldt=35 "b_f:: Tev E % L T NLO Expected Limit B COF ;g aps2n
T - A e B~ R TS
w™ e N. .>3 Zadets 2~ - o 2
E Jet— W+ Jets 3 q l N ,J
- —wels ] o 400E 3(800) gy LEP2 T
FE =- smmm LMD 3 | +
I e [ LM1 ] 350 [ . - D0 X’VXD
10? = === standard Modet; = fanp =3, A =0, sign(u) >0 §(800)Gev
= = = G(650)GeV
1t . 250
b o 200
oo

4 . :

% 3 — C ]

-~ 2 'I' —

° 0—p3 06 08 ] 13 14
a-l-

HiggsMaxwellFeb'11tsv

150
100

100

200

300 400 500

m, (GeV)

13 events observed but consistent with
background estimates, so set limits
Already with 35 pb~i: significant
extension of previous reach
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Outlook 2011-2012

by mid-2011 1 fb1?
2-3 fbtat 7 TeV by end 20117
10 fb-tat =7 TeV by end 2012 ?

Make more precise SM measurements & confront theory
Search for the Higgs Boson

Search for Supersymmetry

Search for Exotica

Look for the unexpected

HiggsMaxwellFeb'11tsv
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> | LHC Reach 2011-2012
proton - (anti)proton cross sections
10g LILILY | LI T LN | ' L) LI l!ll! ' L) L) T 109
10° https://projects.hep;forge.org/n;\stgwpdf 10°
10° Teva:ltron LHC 10’
10° : .y 10°
10° 10° -~
o t}lm
1o' i 10" g per fblat 7 TeV
10° 10° 8 . ,
. 0 (E[ > Vs/20) - = 100 million W’s
5 o 20 million Z’s
c 10 O 10" o
5 N g
10° _ z E 10°
o (E/">100GeV) § 500k ttbar
10" 10" ~
: 2
10° ; 107 S .
1000 evts (1fb'1@75T4 ¢ ATLAS or CMS with 1fb
10° 57 10° @ .
o e ~ 0.5 million Z —ee
- o (E > Vs/4) -
L Fo. (M =120 Gev) /A / .
10 Higgs H .,_« ", 10 i
. 200 GeV o cf CDF or DO with 10fb-1
4 WJlszoog 500 GeVI ; : ' - ~ 0.5 mi"ion Z —ee
107 b e nul S da e ; 10
0.1 1 10

\/S (TeV) HiggsMaxwellFeb'11tsv >8
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An Interesting 4-muon Event |
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';1 An Interesting 4-muon Event |l
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Invariant Masses

to + p1: 92.15 GeV (total(Z) pr 26.5 GeV, ¢ -3.03),
1o + 131 92.24 GeV (total(Z) py 29.4 GeV, ¢ +.06),
Ho + po: 70.12 GeV (total pr 27 GeV),

s + pp: 83.1 GeV (total pr 26.1 GeV).

Invariant Mass of 4u: 201 GeV
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ATLAS / CMS: Supersymmetry @ 14 TeV

5c discovery in the pu channel

M (TeV) :
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Luminosity needed at 7 TeV wrt 14 TeV
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> Summary

LHC and CMS (and the other LHC experiments) have made a truly impressive
start after twenty years spent on the design, R&D, prototyping, construction,
assembly and commissioning

The thorough preparation of CMS detector, the offline and computing
systems, and physics analysis work-flows has allowed very rapid extraction of
physics results.

CMS is already approaching design performance in many areas!
CMS has become a physics producing engine!

With ~ 40pb* the CMS has observed all particles of the standard model (save
for neutrinos directly). Solid basis for understanding the “background” to
searches at higher mass and transverse energy scales

CMS is already exploring new territory in many areas.
Much to look forward to in 2011/20112 and beyond.

But we are just at the beginning - the expectations still are that we shall find
at the LHC will alter the way we view the universe at the fundamental level.

HiggsMaxwellFeb'11tsv 64



Imperial College
London

Dijet searches: summary

CMS, 2.9 pb ATLAS, 0.32 pb CDF, 1130 pb
PRL 105, 211801 (2010) B L AR LR E g R [ PRD 79, 112002 (2009)

M =>1.58 (1.32) TeV M > 1.26 (1.06) TeV M=>0.87 TeV

M > 2.50 (2.40) TeV M=>1.4TeV
(our estimate)

M>1.17 TeV (M = 1.23 TeV)
and not (1.42 <M < 1.53)

M>1.25TeV

Exclude 0.50-0.58 & 0.97-1.08 &
1.45-1.60 TeV (M > 1.05 TeV)

M=>0.63 TeV

Quark Compositeness (left-handed quarks)

CMS Centrality 29pb? [A>4.0(2.9) TeV
PRL 105, 262001 (2010) actual (observed)
CMS Angular Distributions 36 pb? |A>5.6 (5.0) TeV
(to be submitted soon)

ATLAS (Angular Distributions) 3.1 pb' A> 3.4 (3.5) TeV
(Centrality) PLB 694, 327 (2011) A> 2.0 (2.6) TeV

DO (Angular Distriburions) 700 pb' A>2.84-3.06
PRL 103, 191803 (2009) (2.76-2.91) TeV

HiggsMaxwellFeb'11tsv 65



Imperial College
London

.;'1 Search for Stopped Gluinos

« Predicted in many extensions of the SM: SUSY, hidden-valley models,..
 Search for slow-moving (<0.4) long-lived gluinos that stop in CMS and then decay usec,

sec or days later producing a signal (in HCAL) when there is no beam passing through
CMS. Designed a special trigger.

......................................
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Most stringent limits to date.
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e Exploring new territory
@ Search for narrow resonances in di-jet final states.

We have measured, in 0.84pb-! of data, the dijet mass differential cross section for
In1,M5|<2.5 and |An,|<1.3. The distribution is sensitive to the coupling of any new
massive object to quarks and gluons.
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95% CL mass limits for String resonances >2.1TeV; Excited
quarks >1.14TeV; Axigluons/Gelesens >1.06TeV; E; Diquarks->0.58
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The Hard Scatter: Jet angular correlations

* Probe of QCD higher-order

Difference in azimuth:
A¢ — ‘¢jet1 o ¢jet2

pProcesses

— Mostly sensitive to ISR (sentivitity to

FSR low)

« Advantages

— Very slight dependence on JES (main
source of systematic uncertainty in jet

2-jet event

measurements)

— No dependence on luminosity

3-jet event
Jet 1l

Ad=

Jet 2

Jet 2
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SUSY: jets+MET

* Apply a cut at a>0.55, QCD is negligible

CMS preliminary 2010

CMS preliminary 2010
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* For remaining bkgs (estimate): two data-driven methods
— Direct estimate of EWK bkg using W+jets and g+jet events
— Inclusive estimate using extrapolation from lower-HT
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SUSY: jets+tMET

Spill-over in a;>0.5 from:

(a)Processes with genuine MET (EWK, TOP, and SUSY ©)
(b)Some remnant QCD

[ Ldt= 1§.1 QP-1F§!§ =7 TeV
C T | T T T | T T T | |J| T | | T T T | T T T

Core of resolution function:
Jet loss due to jet min p; cut

Events/0.0025

LM1 ? A

Tail of resolution function:
Catastrophic mismeasurement
of leading jet up to jet p; cut

~0.52 054 0.56
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