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SILICON TRACERR
Pixels (100 x 150 wme)
~in? 66M chamnels

Microstrps {50-100um)

Pixals ~210m*  9.6M channeis
Tracker
ECAL
HCAL
Solenoid
Steel Yoke
STEEL RETURN YOKE
-13000 tonnes
SUPERCONDUCTING
SOLENOCID
Niobium-titanium coil
carrying ~18000 A
HAB}ION CALORIMETER (HCAL,
Total weight : 14000 tonnes Brass + plastic scintflator ( )
Overall diameter :15.0m
Overall length :28.7m
Magnetic field :38T

CRYSTAL ELECTROMAGNETIC
CALORIMETER (S CAL)

76k scintillaling FOWQ, crystals

PRESHOWER
= Silican strips
~16m2 137k channels

o FORWARD
! CALORIMETER
' Stesl + quartz fibres

TSN CHAMBERS
Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Endcaps: 450 Calhode Strip & 400 Resistive Plate Chambers

LHC detectors and accelerator are the most complex scientific

instruments yet built
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CMS

The StandardVModel

Commissioning a new accelerator in an
unexplored energy regime with a new
detector -> “rediscover the SM”. As of today,
CMS has, indeed, observed all the particles
of the SM (not the H) !.

J=1 9,7, WH,Z°,W- Force Carriers
¢ 23 Quarks
d S b -1/3
J=1/2 Ql/e=
€ H ¢ 1 Leptons
Ve vy V. 0
J=0 H *

FNAL- August 2010




(;MS

1010_

o(pb)

o(pb)

10°

10

10°

ReAISCOVERY 0];

S S

Cross Section for Standard Model Physics Objects

° MB, UE

o Jets

PY-MET,MB o
> 50 GeV

T

O

Jry

b Jets

Z->e,pn

strong
EM )
EW
W->e i
o o Z->1
top o .

10°

In
5
months

FNAL- August 2010



(_:_MS

racking; Systerij

TeV - more soft
particles than
predicted.

CMS Preliminary ] CMS all Si tracker
10° \s=7TeV = - start by
e Data ; understanding

10° @@Pythia8 |- the MB and UE.

: Tuning of the
104 - Monte Carlos

. needed at the new
10° _; CM energy of 7

2

Number of Tracks / 0.1 GeV/c
)

—

0 5 10 15 20
Track P, (GeV)
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CMS N
0 Inclusive CroSSISEG:

UEE . T —— q T T ]
L CMS 7~ = uA1INSD NAL B.C. inel, CMS |
_ 5 ISR Inel ] L ¥ STARNSD ¢ ISRinel |
0.6 = UA1 N5D &l & UASNSD O UAS imel
. 4 Eras Nsh | " W COFNSD O PHOBOS inel 9
0.55| - Ei’;fﬁi " : P & ALCENSD 7 ALICE inel J
| " i<z 4) = 20 ® cwswso
0.5 —— :
| PZ 4
. 0.45 =
[ o :
0.4 E
0.35 ' —— 0.413-0.0171 Infs) + 0.00143 In®(s) 1" T ::: *::f;;::b 8.0867 in'te) 4
[ ] --------- =0 + B, mys :
; 1.54 - 0.098 In{s) » 0.0155 In"(n) |
0.3 - : . . 0
10 100 P10 10 10 100 10° 10*
vs [GeV] v 5 [GeV

CMS data taken and published at 0.9, 2.36 and 7
TeV. Tracking commissioned down to ~ 100 MeV

= Pt. Rapidity density of 6 charged particles.
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CMS .
Particle |D — dE/QXanNcCKE,

CcMS Prehminary 2010 : Data with\s = 7 TeV
= 10 s g Use energy
S ob Fittoreference Data I8 1  deposited in several
= B g Extpoltion 2 Si strip layers to
S 8F S B measure dE/dx.
E FE P e 2506 - 0.001 = 1 Useful for particle
i 65— W o E id. Once
° E 1 1 commissioned, use
= 5 — in heavy stable
4 z ; particle searches.
>3- dE/dx ~1/ 2 ~ M2 [ P?
minion 2 f— 1 -mass measurement
e using P and dE/dx
1
. . 2 & : from tracker
QLS Pl%etaloaesdossalosnalonsslocnslvoaalesyi 1
005 115225335445 5

P (GeV)
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CMS
MB' Events — SHOUEIRS

N N I | | I | ] | | I | I I | '| n °

2 CMS Preliminary LTI GIEET: <
= - ? decays -

D Yield: 187.6 + 19.9 d

= 100— Mean: 1672.2 + 0.4 MeV/c® _ S L TGy

o Sigma: 2.9 + 0.3 MeV/c? vertices for

~ - Statistical uncertainties only A, Ks, B, Q.

E : - Use the dE/dx
L ] | to find K, p.
= Checks tracker

= i 1 momentum
O 50 scale and

resolution.
L 1 i i I I L

l I | | ]
1800 1900

| |. |
1700
A° K invariant mass [MeV/c?]
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Conversions/0.2 cm

beam pipe, pixels, strips

L L L L S L S B §30_ Pl o AR L ey - 0-03
10— CMS Preliminary 2010 L ) I~y o v e
E |Z|<26 cm ] > *’?ﬁ,‘."-":"""‘"' X{Q’?ﬁ-\ 5
: —+Data n . .
. [ simulation: conversions - N
10°=¢ [ simulation: fakes =
[ 1 o
e
r &
10° =
E £
©
- £
E
. ©
10 I a
1 T wn
A 3 Sonih
ST O D T 1Y | ) .l I JI |- | (&) _3 Bty o o Sinln eate Loy ey e 050y 4 LoondP8e0 8000 4 e .‘0
0 10 20 30 40 50 80 B 2040 0 100 20 30
Conversion radius (cm) for |z|< 26cm nucl. int., Data\ s=7TeV x (cm)

radius

For a complete understanding of the momentum scale and
resolution a detailed understanding of the tracker material
throughout the system is needed - use photon conversions
for high Z and nuclear interactions for low Z material.

FNAL- August 2010



CMS

y

Efficienc

o
()

o
~

Triggers - CoMMISSIENnRY

o
o}

'\E ?TeV

L1_Singledet3ou

| [

S prelimmary 291

L1 SingledetsU
L1_SingleJeti0oU
L1_SingleJet20U

At L =10%/(cm?sec)
MB rate is ~ 107
Triggers need to be
sharp in Pt due to
steeply falling
spectrum. Start with
MB and look at
“mark and pass”
triggers. Establish
the turn on curves,
behavior in Pt. As
luminosity
increases,
commission higher
rejection triggers -
bootstrap.
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QMS

PF Jet
Ne=7 TeV L=73 nb’ CMS preliminary
PFJets (Ant-k A=0.5)
031 D<inl<1.4 -
A
g )
e »— Asymmetry (MC)
g 0.2 - Asymmetry (data)
‘3' = B =
e ~=.
% 0.1 e TR
s VF .
8 °H
3 :;8 s i
50 100 200 300 400 1000
p, (GeV]

Jets from q and g -
strong production.
Use azimuthal

symmetry, dijet
balance and single
particle (isolated)
response to calibrate
the jet energy scale
and measure the jet
energy resolution.
Resolution ranges
from 14 to 5 %.

Pt2
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CMS . R
Jet Cross SECHEN

. CMS preliminary, 60 nb1 \'s =7 TeV

I I I I I LI I I 1 J I LI I

> =10 . lyl<0.5 (x1024) Establish the jet
(2 oF o 0.5slyl<1.0 (x256) cross section as a
o D o 1.5<lyl<2.0 (x16)

07 . 2.0<lyl<2.5 (x4) Pt. Monte Carlo
-8' : »  2.5=lyl<3.0 (x1) agreement is good.
S . Now ready to look
e 10 o> at high masses for
° N BSM Physics -

10 "N more later.
RN
10E — NLO pQCD+NP" N

[ 1 Exp. uncertainty 3 1
1071 Antn k; R=0.5 PF

20 30 100 200 1000
p, (GeV)
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CMS L 3 N - -~ BB
MET “Core” Commissioning

30
3 [ tywet celok (ate) Use calorimetry and
Q@ | — typel calog, (MC)
< | yp . trackine to i
o5 —+ type2 calok, (Data) (G0l UL oo S
w — type2 calok, (MC) the MET resolution.
.é - :zET Ea?;;”l Tracker has better
20— T 1
é —— pfE. (Data) resolution at low E
3 —— piE- (MC) and there are many
k-1

soft particles in UE
and jet fragments.
Cleaning of cosmics,

—
o

=k
=
T [T 717

beam halo and
| calorimeter discharges
S s =7 TeV is needed.
- CMS preliminary 2010 Gaussian core of MET
%50 100 150 200 250 300 350 ago  Yresolutionis
Calibrated pfzE, (GeV) ~50%/ > E;
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CMS

MB events :

AR A R A R R

% i _ The MET noise
g 10f i —— Defore cleaning filtering greatly
- ——— After ECAL noise cleaning reduces the tail.
a 10° — Adter HF noise cleaning An irreducible
i” —— After HB+HE noise filtering floomisiset by
W 104 | the EW
5 ; processes, which
5 10 4 are ~ 107 times
0 H smaller in cross
g 10? section than the
Z | inclusive MB
10 ] :
10x 'l" | | “ ‘ § events.
% — I .
EW 1 L II‘“I L0 IIJI II*II‘MI JII’IHI N MET

0 50 100 150 200 250 300 350 400 commissioned to

CaloE;[GeV] EW scale-v,, v

Ve

pl
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.y CMS Experiment at LHC, CERN : ‘
IV, }om Recorded: Sat Apr 24 08:31:20 2010 CEST . o . =
| Z Lumi section: 795 . : 3ot TS ) 5

Note error

ellipses on
primary and

secondary

vertices

¥ Two b-jets candidate

—
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CMS .
b Cress SECHBN

GMS preliminary, 60 nb’ g =17 TeV
= ME@HL‘: T T ] T

At the LHC the b
-- Pythia i cross section is

Anti-k, R=0.5/PF_

=
d.

Exp. uncertaint
:l{ce:ﬂered aly ansat%

large -> LHCb. The
b jet rate is ~ 2 %
(Pt dependent) of
the inclusive jet

oy rate. Well modeled
by PYTHIA Monte
Carlo. Use
secondary vertex
mass, Ptrel
templates for
utd+g,c,and b -
efficient b tagging
P, (GeV) with good u+d+g

rejection

=
iy
=3
h
1
T
=
1
e
|
T |

_'_I
D
4}
>
<
50.05F ]
—
£
o,
0
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CMS

The CMS ECAL has

a transverse
segmentation ~ 1
Moliere radius. Use
that fine granularity
for photon ID and
for track matching
in the case of
electrons. ECAL
energy resolution is
very good for E/p
matching of the e
track.

FNAL- August 2010
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CMS

~. 400 10’ CME Preliminary Data -B=7 TeV
- : ! : e
: : = 4~ ECAL Barrel
< 3s0] M = 133,82 + 0.02 MaV z
SR o= 10.6 % ' o 35
= = g
E E.El:li %_1. = ur‘E1 E
= E'-:u'l; & 25
£ | & 2
= 150 0.31 nb™ =
= : : 1.5
00| : )3 Data
| Data 11 ;
50| : 0.6
EI [ T L T ! LI T Y ) I L T | I | Y R I a b o= 4 I; ﬂ Ll L L 1 I L1 L I L1 L 1 I L1 1L 1 I L1
EI.EIE- o 15 o 20 o3 35 0% i o6 il i 0T 0.8 .
Invarnant Mass of Photon Pairs [Gey) vy invariant mass (GeVic’)

Use low mass resonances to study energy scale
calibration and energy resolution. Use azimuthal
symmetry to check uniformity of response over
the full, |y| <3, detector coverage. Photon + ]
(Compton) used to check the JES using the better
resolution of the ECAL

FNAL- August 2010
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Inter-calibration precision (%)

oft) [ns]

CMS preliminary s =7 TeV
LA ILBLILELE BLELELELE LR BRI R L 5|

B
- = [ata E
9 ] M& Expectation g
af- L
: |]# |i1g
3 St
: g
2 f .
T E
- EB EE _
e bl s e asalas o lo sl selesssls
050 20 30 40 50 60 70 80
| crystal i index |
J -
3.5% CMS 2010 PRELIMINARY 7 ToV
3] . ECAL Barrol ‘
] "\Fming resolution
o.s; \\M“‘
SR e e
An/on

10°
10?

10

ECAL CommisSsioning

ECAL “clusters”. Present

calibration to 1 % in the
barrel. Timing good to <
0.5 nsec - very useful in
“cleaning” and
cosmic/halo rejection.

CMS 2010 Preliminary

[ Imc

~=- Data

ECAL Barrel

energy distribution

4 6 8

10 12 14 16 18 20
energy (GeV)
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CMS

Photon Comm

SSIENING

FNAL- August 2010

“:PEl rrrrrrreeerrrr e rrg
iy : T I | | 3
CMS, | et w5 : Photon % : 3
7 pr =76.1 GeVic cﬂ - CMS Preliminary 2010 ; rﬁh o .
é ; n=00 - 1 partonic
: @=19rad _LE m‘[ ﬁ-TTEE [ MC ¥ ISRFSRY
"A = 0 E L=74nb :H‘cﬂﬂlﬂr 7
O [ Inj<1.4442 ]
. SRy o 'E i 3
[ s T L
/ oS = 2
n m :
7 LI - T ¢
e /I ; = 10
- o - B :
Anti-kr 0.5 PFJet ' ' L
pr =720 GeVic
n=00 C
@=-12rad C
10
Clean photon + J events.
Photon spectrum quite clean win- - L - 3
for high Pt photons, > 100 Photon E, (GeV)
GeV. Data /Monte Carlo
agreement is good.
20



Understanding
material of the
CMS tracker is
crucial. Bremm
in pipe and Si -
> collect E in ¢

=40000

30000

20000

MNumber of electrons

10000

=

e e
CMS Preliminary
Vs =7 Tey
L, = 1.65np”
—— Data
[ promipt alectron

[ conversion
[ others

2010 |

Use E/p and 05 2 25 3 35 4
o c E/P
isolation -
ECAL endcap
RN R RN R L T T
IIIIIIII el et CMS Praliminary 2010
ﬁ - CIC Loose MC Fake rate CMS Pmumlmlw 210 é NE=TTaV L, =198 nb"
1 ® ©ICLooseDataFake rale o7 yoy L =784 nb" = Endcap g
z = CiIC Supertight MC Fake rate 3
i 4= CIC Supartight Data Fake rate 4 —4— Data
107 E [ T E
. . B £ backgrounds
TN s R
—x0E |y, .
WF |' { .‘ |' . t 1 R
107 E |
- =4 L i . . . e
: C | | :L I:]l:] 2 4 @ 1ID 1I2 1I4 1IB 1IE 20
L ST e 55 b 150s,,, (GeV)
n 1SO
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CMS

Experience from ~
10° muons recorded
before beam in the
LHC. Muons up to
1 TeV in cosmics -
gives experience
with showering
muons (critical
energy). LHC
“halo” also used
for alignment of
large |y | muon
and tracking
detectors - break
alignment
degeneracies.
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CMS

Muon PerfermmancGe

5 CMS preliminary 2010 \Ns=7TeV
N 10 T 1 1 I T 1 T T I T 1 1 7T I 1 17T I L R r F_
— E 1]
o ) L dt =198 nb’
— .
2] —+-data
C W —uv
g B EWK
@ ! B acp
= *
o
T
@
S 10°| .
S
=
-

0 0.1 0.2 03 04 05

Isolation Variable

10

Width of qlr.)r rel. residual

T I\II\I| T T TTTT T I\IHI| T
— @ Tracker-only ——
- | B Global -
- A TPFMS i
LY TMR —— |

—

==

HE
==
=
— M p—
= CMS 2008 -
| I\II\I| | \I\II\‘ 1 I\IHI|
10 107 10°

p, (GeVic)

Isolation uses tracker + ECAL + HCAL. Typical energy cuts, relative to

the muon Pt are 0.05 to 0.15 depending on the specific analysis. Muon

scale, efficiency and resolution established using tracker/muon system
redundancy. Resolution ~ design value of 10% at 1 TeV.
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CMS

Dilepton “StandardiCandiesSks

\s=7TeV, L_ =1.25 pb

e Jhy
%105 =
Q E
z & " Y(1,2,39)
5104 §—

10° ;—

107 ;—

- CMS Preliminary
10 =

u'u- mass {GeWc )

II| | | IIIIII|
1 10

Use known resonances for mass scale, mass resolution and
trigger/reco efficiency - “tag and probe”
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CMS

Y Y- o/ M ~1%

1)) A RS I RS AL IR LIRS IS AT~
o = s -
o = CMS Prelimi , W =T TeV = 1 . - =
S sopor S Frelminary V5 =7 Te Lu=278n8" 3 3400 CMS Preliminary, \'s = 7 TeV
L C - data - ; C q’q
g 25005 signal+background 3 9350 [ L=11 pb"

e back d-onl <24 = ~ L
g 3 ackground-only Il E gﬁﬂﬂ:— 5 =71 MeV/c?
Z20005 o= 43 Mevic? 4 g r ¥l <1
o = ] S250—
S 19001 = = @ Data
= - . - ;
] - . n200— Signal + background fit

1000 3 = C [ Background component
o ] > -
500 = 1S ‘
R T T 100
96 27 28 29 3 31 32 33 34 35 E b 3
p* w invariant mass [GeV/c] 50 T -
: e
Cow oo | L Loowow o | ] |
08

L1 I 11 1 I I I -
1 11.5 12
w'y- mass (GeVic?)

@
o
w
o
m_
-
=]
-
o
@

The several “standard candles” will light our way to
new discoveries
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" | CMS Experiment at LHC, CERN
CMS | Run 133875, Event 1228182
Il Lumi section: 16
Sat Apr 24 2010, 09:08:46 CEST 4

’- o R

Muon p, = 38.7 GeV/c l = 227 N = z
ME; = 37.9 GeV W it 5
M=753GeVicigp i &

Z Candidate

. 7 CMS Experiment at LHC, CERN SU— ——
CMS i| Run 135149, Event 125426133 S—
I| Lumi section: 1345
L Sun May 09 2010, 05:24:09 \
Muon p,= 67.3, 50.6 GeV/c
Inv. mass = 93.2 GeV/c? | | I
. i -~ Q S = - \ /

26

W Candidate
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CMS

Muon SpectraiGraviEsclidaVvi

CMS preliminary 2010 Vs =T TeV

DD T r LI | L r T80 '| L r L CMS prﬂliminary 2“1 u .\IE 7 TEVI
L - T T T T | T T T T | T T T
E -+ data Jf_ dt = 1.1 pb” % 10%c 3
O [CIW = pv O E JL dt=1.1pb" -
™ I EWK o - .
~ 300 4 N -
% I aco @ 10L |
c - - e data §
g | 2 E
200 O L4l Il maco
"E . o l: e E
2| |
S 100 £10 =
= = i =
cC
0 1072
0 20 40 60 80 100 120
My [GeV]
50 100 150 200
+ -
M(u™ W) [GeV]

Jacobean peak
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CMS

w—.hv

CMS preliminary 2010

CDF Run Il W* = Iy
DO Run| W —=IV
UA2
UA1
Z-1T
/pp/
PP

Theory: FEWZ and MSTW08 NNLO PDFs
CMS points do not include luminosity uncertainties.

1 llllll 1 L 1 llllll 1

o x BR (pb)
2
* > B ® 0

| lllllll

10°

T TTTTI]
o

10?

1 llllll

Collido]roenergy (TeV)

Luminosity error now at 11%. This should drop quickly
quite soon - van der Meer methods.
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CMS

AR CMS Experiment at LHC, CERN ’ thad
ke Data recorded: Tue Jun 29 13:34:19 2010 CEST
_~ | RunEvent: 138921/ 17818013 3 P

thad >\.‘_~ 'y
Purity 75% \ $

; / \
lntegrated lumlnosuy 70 nb" x Y
N\
1"'"< v

pp,=22.8GeV/ct E = 32.9 GeV Vis. Mass = 60.8 GeV/c?
e M_(p, MET) = 10.1 GeV/c?
A tau “standard candle” - one tau decays leptonically, one decays
hadronically. T > +v,)+v, o —>((h")+v,
Virtual W decays.
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CMS

W

CMS preliminary 2010 Ns=7TeV
—— | 1 1 1
" ]
o 40 ;F‘:_ J‘ L dt =198 nb"' Processes are
< 5 1 backgrounds to
2 N W—evuv 1 top. Need to
= 10°F * Er>15GeV 4 ynderstand the
- MadGrapn s 1 heavy flavor
i PYTHIA (DET) i—| contentof W+
10E —— PYTHIA (P0) E
E —— PYTHIA (ProPT0) 1 nJ. Backgrounds
B normalization: MCFM NLO i to J + MET
'E 1 SUSY
| statistical errors only i Signatures- Is
1 l 1 ] ]

10 o : 5 5 ] the. Monte Carlo
= reliable? Early
812041 . 1 days...

- \?,i'—'—
A5 02F P -
2+ |
> |
il U §
< 1 2 3 4
inclusive jet multiplicity, n
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Events / 5 GeV

CMS

( \45 CMS Experiment at LHC, CERN

7T T I ] Data recorded: Wed Jul 14 03:32:41 2010 CEST
100 —CMS F'IBIII'HIHEH,' —+— Data —] > RS:?EC::: 140124 1 1749068
: 78 nb" at \.r_ T TeV - i : g___ > | Lumi section: 3
a0l B W ] )
- B 2=
i [ laco ]
60 — 2] aco uncertainty]
: : b tagged Jet
- . _ B, p, =822 GeVic, n =-1.79, @ = 1.03
40 i ,L}' +J ets - Jetp, = 56.6 GeV/c, n =0.389, ¢ = 2.38 ~
20| - rd 3{ £,=119.0 Gev, ¢ -
' = 119. , @ = 0.010
E N._.=0 / Ai\/’
I . Jet = ] Pt - 27 }T\\
0 et p; = 1522 GeVle, n =0.354, ¢ = -2‘7’5_:_/“
D !'ﬂ . ED Eﬂ 'I'ﬂ'ﬂ J //"h 1 -
MIEEIHQ Transverse Enﬂrgy [GBV] e 7 // Jet p; =43.4 GeV/c, n =0.827, ¢ =-0.587

/

muon pT =30.6 GeVic, n =-1.67, ¢ =-2.06

Look at lepton + MET + 4 Jets
Candidate events with
enhanced number of jets with
b tags ( all objects

commissioned already ). t>W+b—>(Uu+d)+Db
Basically no background - n

clean top signal due to rapid _ _
commissioning of b tagging. t >W+b - (u+v,)+b
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Top Canaidat

t>W+b—(e+v,)+b
_|_

t >W+b > (u+v,)+b

Dilepton with MET
and b tagging is a zero
background top
sample

FNAL- August 2010
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St

CMS

At the discovery
mass scale of ~ 1
TeV the LHC,
operating at 7 TeV
has > 1000 times
larger cross
section than the
Fermilab
Tevatron. Truly,
theLHCisa
major advance
and a machine for

discovery.

rt the BSIMES

LHC (7 & 10 TeV) vs. Tevatron

L) L] L) Ll L) L) L) L] L) L] L) L) | " & ! L] L]

ug

g| w—

Parton Luminosity Ratio

al

Bauer et.
arXiv:0909.5213v2
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Parton LUMINGSIHES:

How can 10 pbt==10fb* ? It isn’t the hadron
luminosity, it’s the parton luminosity

a(pp) ~ (M) f,(x) f,(x )
~ (M) (M /s)f (M /+/s)Ay
xg(x) ~ (1-x)°

For M =1TeV, ratiois ~ 1000 for 2to 7 TeV. For 1.5
TeVitis ~ 1,000,000.

Data shown is from ICHEP (1 month ago) with ~ 0.2
pb-1. Now hit L = 103Y/(cm?sec) and 10x the ICHEP
set. Progress in 2010 has been dizzying.
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CMS

*At CM energies well below the new physics thereis an
effective interaction, like G in the Fermi theory.

*On the tail of an S wave BW resonance, the effective
couplingis ( n.b. interference) , M propagator

2 A 4
o) ~ HewS KMHE?H’

Flew

+ At higher CM energies one begins to see an s channel
propagatororat channelexchange peak.

*The point-like SM processes go like o-wmgéfﬂ

*The interference term would go roughly as

2
igS_-H arnew ’f M Hew

*Ratio grows with partonic CM energy ¢, (o [ Oty )(EEMSN)

e
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Look for more central, S wave, BSM effects.
SM is t channel dominated -> check angular
distribution of dijets

——

~ 7" Jet.1Pr: 585 GeV

Jet 1 Pr: 585 GeV

Jet 2 Py : 557 N
-4 \“ S
Run : 138919 l :
Event : 32253996 250 h ey
Dijet Mass : 2.130 TeV el ae
n °° sy
-+ t“‘" ..‘-‘\'"\ .
2 ,\“ Sl
\‘ “‘\
4 = . s s 2
The highest mass dijet event in the first 120nb-' of data 0
a2 ¢
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CMS

ﬂ-::‘- I 1 ] I I 1 ] L] | L} ] 1 I I ] 1 I L} I 1 I:

5 3E —— CMS Data (836 nb™) .

=10 E — Fit E|

'E_ - ---- BExcited quark 3

Lo - Etring \E =7 TeV -1

E10°E o <25&an<13 o

T F M, >220 GeV .
b |}

E=ERT) Anti-kt R=0.7 CaloJets

L8 (1 Tav) .

e ) E

- ¢ (07 Tey) -] . r“‘s (1.6 TaV) .

107 ) E

- a (1Tav) :

10 \ ¢ : E

- CMS Preliminary 3

1D'3= I L | I PR T T S NN SN TR SO NN N TR T I L=

500 1000 1500 2000
Dijet Mass (GeV)

bump hunting in dijet mass. Limits with 0.8
pbare now at or above Tevatron values -
e.g. q* mass > 1.14 TeV.

FNAL- August 2010

37



(;MS

Expected resonance mass limits

from dijet spectrum

|
o String CMS Expacted Mass Limis
* Excited Suark Ji= T TaV
0 Axighuon/'Colonon Jut In 1, 1.3
s E, Diguark

o=
in

A=

Expected Mass Limit (TeV)
h w

—
n [u*]

=
[£)]

10" 1 10 10° 10*
Integrated Luminosity (pb™)

L now ~ 1 x 10%, aim for 10*2 by end of 2010 -> ~ 10 pb-
I/week. Have ~ 100 pb! by the end of 2010 -> mass
limits ~ 2.0 to 3.5 TeV in dijet resonance mass search
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the BAVAGTAL,

? 1u' : L] L] L I I I 1 L] I L] L} I 1 L] L] L L} | L] L] L] L I 1 I L] L]
& o @ CMS Preliminary 7
ﬁ 'Iﬂ' i : i
- Hil B W/ TauNu
o 10° = B Fhowondste
€. 3 B aco
@10 [ WENy
E 2 Wonma ENW1000
10? [ WarmeENU3000
=] Wprime ENUS000

Having established the W, look in the high mass tail
for contact interactions (enhanced tail) or new W’
resonances (Jacobean peak).
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CMS

10 TeV, pseudn-experimentj L dt =100 |:||I:||"I

a

» pseudo-data
—all SM + Z°
[Cldielectron bg.
Ojet bg.

Oy Y

2

R | Himﬂ coml 4T

CMS preliminary

Nb events / 20 GeV/c?
2,

=
=

-

10

1 1 L I 1 1
10200

| | 1 | I
1000 1200
M, (GeVic?)
Having established Z look in BW tail for contact interactions or Z’
resonances. Interference effects of a Z’ or Contact Interaction will
also show up in Afb decay asymmetry.

1 I 1 [ | 1 1
400 600 800
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Top llageinge

>2 Jets 1 Muon CMS preliminary 200 pb™

2 -
= Z(M=1TeV/)x3
o i —— 2 (M=2TeVi)x 30 HCAL Deposits ==
) - — Z' (M = 3 TeV/c?) x 300
B single top P
40~ ECAL Deposits
i — gM }e':s
- + y
L B WV+jets SYDREES
_ =3 acD
20
Fgure 1 Reconstructed top-quark jet in cylindrical view with pr = 800 GeV/c. The cones
I represent the subjets, The HCAL and ECAL deposits, and the subjets are indicated on the
% 1000 2000 4000

Reconstructed M, [GeV/c’]

High mass parent decaying into a top pair will cause a “fat jet”
with W and b jets merged. Look at jet mass and other variables to
distinguish from QCD J backgrounds.
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> NS prefiminary | I COF 5 21, s, 40
0 = ] Do gq 21fb1 tanf=3, 1<0
® 450 \'s=7 TeV o L x

\';l Hadronic search, 95% C.L. curves

tanp=10, A0=0, u>0

O 5. ; .
0 100 200 300 400 500 600 700 800 900 1000
my (GeV)

Energy is very important. By the end of 2010, substantial
new parameter space for SUSY will be opened up.
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CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

Hyy + HWW + HZZ

— 95% CL exclusion: meaan

N 95% CL exclusion: 8% band
95% CL exclusion: 95% band
--- 95% CL exclusion: mean (no sys)

I = GgsucL /Om
—a
=
|

i
¥

100 120 140 160 180 200

Higgs mass, m _ [GeVic A

Higgs takes longer. By the end of 2011 ( ~ 1 fb!) CMS will
exclude a significant mass range for a SM Higgs.
Combined CMS + ATLAS excludes ~ (140,200) GeV. This is
only for cut based WW+ZZ+yy. Studying gains due to
advanced techniques, e.g. NN and adding other final states,
e.g. bb + 77 - May increase exclusion range to LPC limit.
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2010

2011

2012

2013

2014

2015

2016

M|J|J‘A‘S‘O|N|D

J‘F‘M|A|M|J‘J‘A|S|D|N‘[

-Mas maintenance

splices

i collimators

Collimationin IR3

ALICE - detector completion

‘M‘A‘M|J|J|A‘S‘O|N|D

J‘F‘M|A|M|J‘J‘A‘S|D|N‘D

J‘F|M|A‘M‘J‘J|A|S|O‘N‘D

J|F|M‘A‘M|J|J|A‘S‘O‘N|D

ATLAS - Consolidation and new forward

beam pipes

-Masmaintenance

'-Masmaintenance

Mack

crab
ATL
foru

ALIC
CMs

New
tracker
for high

CMS - FWD muons upgrade +
Consolidation

Phot
FWD

14 TeV
10 fb?

7 TeV,
0.1 fb!

L

LHCh e,
vertex detector etc.

1 fb! 40 fb!

LHCb - consolidations

SPS - LINAC4 connection &

SPS upgrade SPS upgrade
PSB energy upgrade
2016 2017 2018 ' The Wit and wn;domaf 2021
J|F|M‘A‘M‘J|J|A|S‘O‘N|D J|F‘M‘A|M|J|J‘A‘S‘O|N|D J‘F‘M|A|M‘J‘J‘A|S|O‘N‘ ‘O|N|D J‘F‘M|A|M|J‘J‘A|S|O|N‘D

- Yogi Berra

PHIL PEPE

on|
Machine: Collimation and prepare " b} .
. = + & Triplet d
for crab cavities & RF cryo system LHC U = riplet upgrade
d I}
ATLAS: new pixel detect. - detect. pgra e = ector
for ultimate luminosity. ° E
o]
beyond design cector uparace
ALICE - Inner vertex system <

CMS - New Pixel. New HCAL
Photodetectors. Completion of
FWD muonsupgrade

luminosity

LHCb - full trigger upgrade, new
vertex detector etc.

EERRRRRAY L WE I R o)
It's tough to make predictions, especially about the future.

PSB energy upgrade
“ax
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To keep pace with the LHC the detectors are

starting a long term series of phased
Upgrades. Technical proposals this year.

45

2011 plan:

LT - nlzngbunch /ﬂ*

*Achieved design for n
-10" p/bunch

*Have gone to 2 m for
(design 0.5 m)

* More bunches N (but
stored energy)

* N =48 (now) -> 384 in
2010 to achieve 1032

*Efficiency =0.2

*Headroom? *->2m, N -
> 936 are possible
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Terascale Iincoey]

We will soon be arriving in “terascale incognita”, please fasten your
seat belts. The exploration of the TeV mass scale has begun.
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CMS

L HC Acceleratera =i el ES

evatrpn (ai*de{gn)
= ergy \\\ >7a W i
um|n05|ty x 20

| *To reach the required energy in the
- existing LEP tunnel, the dipoles operate
- at8.3T & 1.9 Kin super fluid helium.

- That makes the LHC colder than the

- CMB at 2.3 K.

*The LHC is the highest energy collider
in the world

7 *The LHC has the worlds largest
cryogenic plant.

*The LHC is designed to have the
highest reaction rate of any collider.

*The associated experiments are the
largest and most complex scientific
instruments ever built.
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CMS

Each detector is like a 100
megapixel camera which
takes 40 million pictures per
second

Highest energy proton collider

1 billion interactions per second

First silicon pixels in a proton collider

First all silicon tracker

100 million channels of radiation hard electronics
Calorimeter with 60,000 PbWO4 crystals

First use of accordion liquid argon calorimeter
Largest magnetic toroids

Largest magnetic solenoid

Selection of ane in 10 million interactions at a 40 MHz speed.

Enormous data logging rate — 1 million CD per year

Worldwide grid computing analysis

i‘\ Lllfﬁlh !

i !." %

! Il'('. ' b

¥
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Detectorn PErRGHmanGe

PIXEL TRACKER
STRIP TRACKER

PRE-SHOWER
ECAL END-CAP
ECAL BARREL
HCAL FORWARD
HCAL ENDCAP

HCAL BARREL
MUON-RPC
MUON-DT

90 91 92 93 94 95 96 97 98 99 100

MUON-CSC

HCAL | HCAL | HCAL | ECAL | ECAL | PRE- | STRIP | PIXEL
BARREENDCA| FORW BARRE| END- | SHOW TRACK|TRACK
L P ARD L CAP ER ER ER

Seriesl) 98,5 | 99.8 | 98.8 | 99.9 100 999 | 993 | 989 | 99.8 | 98.1 | 98.2

MUON- MUON-/MUON-
CSC DT RPC
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CMS

Progress on SM ==

-~
2l

gror ~1 0>

Process SM Object Techniques Cross Section (pb)
Inclusive MB, UE Tracking, A, Ks, =, Q 7 x 10"
Jets uds,g Dijet balance, ¢ 108
symmetry
Single particle response | ( <20 GeV)
MET Neutrinos: ve, vy, V; Particle flow 10°
Calo + tracking (MB, > 50 GeV)
Noise filters
Decay Vertex c D, D* --
b Ptrel, vertex mass, 10°
secondary vertex (>30GeV)
ECAL Photony J + vy balance (JES) 10*
$ symmetry (<30GeV)
T, n
Dileptons e WY,z 10°, 3 x 10°,
vl Cosmics, beam halo 10%(2)
Lepton + MET w Tag and Probe Z, 10*
Mass scale, mass
resolution, trigger
efficiency
Lepton + MET + Jet T Z decay, “standard 10°
candle”
Lepton(s) + MET + Jet(s) |t Lepton(s), W,e, b tag, 10°
jets, MET
2?7 BSM All of the above ?7?
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et Enengy;Scalge

PFlow
E |
HF. .
= HE_.,_:EE ;Tm'kfm - CMS calorimetry uses
514 L a < et o™ < 68 GaV different technologies in
E B8 < cpet 07 < BS GaV different regions of |y|.
o0 + BScetp <120 GeV Check that JES is well
o Lincertanty modeled and that CMS
= 1.2 ; s
= has a uniform calibration
| for jets over the full, |y|
_ <5 coverage.
ascaa L R
CMS Prebmnary
1
DBD 1 2 3 & =
|
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. B R A R SRR TR Ay SRR LY R ' RALLRAT

> 300 3 S [ ML AL R ,

0 ] = =k 1

8 EC“S_mannary D%—Kn ;“m_ CMS Proliminary - 7180 CMS‘Prelimlur_\ 4

ézso \3 77 Tey _: @0 \S = TTeV E’”f 7 TeV data :

o 1 Bud 140\
® 200 3 gmo— “«
§ 1 Wiooo— 1201
150 : 100,

& 800>~ | piete |
100 o (® f
. i . f D*—Kn'n* (and cc]
u 1,867 = 0.002 GeV ] - L 605t |
00162 0.002 Ge\ 1 » . F i -

2 00163 02 oo ] o . v eswew

SI\S+8 121 L - 0 " - ‘ Meaa = 18693 £ 0.0021 |

_ 200 D*—-D%Kn)n* (and cc) - 2 Sigma = (1729 231) MeVi |

17 176 18 185 19 195 PPTTORU PN PPPLTITY POV YUY TOPTPOPY P Boiiistias ! 3

[GeV] 0.4 0142 0.944 0.46 0,948 0.15 0152 0.954 0.956 0,158 5 16 1.7 " “ 2 “ 22 23 24 2

M(Kzx,) - M(Kr) [GeVic] M(Kxz) [GeVic’]

Use tracker secondary vertex finding. Tools are
vertex mass, P, ., templates for u+d, c and b.
Commission for ¢ quark with D decay chains
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Jet Angular D

Look for more
central, S
wave, BSM

219 <M, [GeV] < 320 20« M, [Gel] < &0 effects. SM is
t channel

- — dominated ->
e flat chi
11 } - distribution.
500<M, [GaV] < 820

Ry

—t+— data
——— KNLO + non=pert.

I =cale + POF une.

M, [GeV] >80
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CMS

1 -
} 16'];“ﬁprﬂllmhllm: ED Ir.lﬁ I I ‘.. BI = ?ITEv- E‘\ El T 1T I L L L] L L L] I LI L I T T 17T I T 1T 17T I T T 17T I I:
E 14III:—IH =24 | : eq-:l:nprala B E C CMS Preliminary - Vs =7 TeV |
ﬁ E 1 l- N G lemplatbe - g B Line = 100 nb™! 1
= 120 B lighi lemplate — > 102 5t e background _
: 1{"] :_ 3? w p_T - EE Gﬂv _: § E ----- background + non-prompt E
i #%/NDF = 18.9/17 1 woor rotat it :
T 80C . " -
& 80 _= 3 E
E 3 ] - ]
z E : :
EU:_ _', 1 =
I:||II1:I.5'I 15 2 265 3 35 4 45 5 i =t (;01541152 25:
Secondary vertex mass (GeV) ’ ) | Iy, (MM)

Many BSM scenarios, and top decays focus on third quark
generation. Commission b tags with templates and
vertexing.
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| CMS Experiment at LHC, CERN
| Run 133874, Event 21466935

Il Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

Electron p = 35.6 GeV/c

ME; = 36.9 GeV /
My =71.1GeV/c? J‘
e \
\
: e =
1 - \ - . .
e § . '
iq..' /_.’-"— ’ .’
Pl = = - '
' .‘ - S L

ME,
W Cdndidq’re

L Candidate

[ | CMS Experiment at LHC, CERN
CMS

‘ Run 133877, Event 28405693 e
I Lumi section: 387 P =
‘ l Sat Apr 24 2010, 14:00:54 CEST / ,\
Electrons p; = 34.0, 31.9 GeV/c { / \
Inv. mass = 91.2 GeV/c? \ A~
\ A |

= e -=
N

- .
\ S

'

N g g
¥

/

e
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CMS preliminary 2010 \s=7TeV
5> SR L L B L B B
GJ »
(5 400 det=198nb'1 -
To B
~ i —o—Data
8L W — ev 1
c 300 B EWK ]
9 ) B acp |
o
© 200
0]
0
£
2100

0

0 20 40 60 80 100

. [GeV]

number of events / 2 GeV

10

Electron SpectraiGralViscii BV

CMS preliminary 2010

\s=7TeV

i - data -
[ |Z— ee _
| maco -
I EWK ]

1 it

fL dt = 198 nb"

150 26
M(ee) [GeV]

100
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CMS preliminary 2010 Ns =7 TeVv
T T T
> 0.6[— fL dt = 198 nb™ ]
=
D
=
£ 0.4 —
=
72)
ey
- T
S0z ¢ -
—
< t Tt
S
= O _
o
= o W — uv data
DD | V'S W — ev data
-0.2 == NLO+NNLL (ResBos+CTEQ6.6)
| 1 | |
(@) 0.5 1 1.5 2 2.5
lepton pseudorapidity, nl
4GCMSpreliminary2{:1ﬂ s =7 TeV CMS preliminary 2010 Ns=7TeV
—_—— T T
o det=1ga bt - [ e data det=198 bt ]
2 i 7 0.5 — POWHEG —
« aol " -e- data ] = I .
S Aue®  [Z— < | ]
2 1 - il ] s | —+— ]
= qhar q @ 0._,—'7_
D B b E=1
> - - o i 1
@ I i @ - E
P L .
ks r ] 3 - 1
o [ i c. ]
E=] = i ] ]
E ] ]
=3 4 ]
C E| .
0....1....|....|....q AT R BRI B B
-1 0.5 0 0.5 1 40 6O 80 100 120 140

cos Bcg” M(uu) [GeV]
8. is defined in the Collins-Soper frame [1].

The uncorrected forward-backward asymmetry is measured to

Mass bin [GeV] [40-70] [70-110]  [110-140] be -0.50 + 0.4 in the mass range 40-70 GeV, and 0.14 + 0.11 in

# forward events 1 44 1 the mass range 70-110 GeV using 198 nb? of data. The

# backward events 3 33 ] measured values are consistent with POWHEG + full CMS

Total # events 4 77 1 simulation predictions of -0.03 and 0.01 in these two mass
bins [2].
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C CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 17:44:17 2010 CEST
Run/Event: 140385 / 90009543
Lumi section: 101 Er=44GeV/c,p = 1.8
Orbit/Crossing: 26434904 / 101

p.= 61 GeV/c,
b-taed\leN
pc= 68 GeV/c,

n=-04,@= LI
=-1.7, 9 =22

1
i
Ll
v

¢

i

a4
Electron p.= 41 GeV/c
n=04,p=-22

pc=73 GeV/c,n=-1.3,¢p =-0.2

b-tagged Jet
pe= 109 GeV/c,n = -0.6, ¢ = - 1.7

CMS Experiment at LHC, CERN
= Data recorded: Sun Jul 18 11: 010 CEST
o ’ \| Run/Event: 140379 / 1366 5

|
§ Lumi section: 160
NN
Er =57 GeV/c, @ = 2.2 \

b-tagged jet
pr=45GeV/c, N =-1.2, @ = 0.9

b-tagged jet
pr=56 GeV/c, n = 0.7, = 0.0

IIII

I \ p* pr=27 GeV/c, N = -2.0, @ = -1.9
Dimuon mass 26 GeV/c
/
\ /
I

p-pr=57GeV/c,n=-1.4, ¢ =-2.1

Two J tagged as b jets -> top signature
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S zlflel © Tzic)

At least 1 jEt b-tagged

m —
= L CMS Prellrnlnary » Data - Because of
m .
S 102 | 0.25 pbat\s =7 Tevy ™ — I rapid o
L [ Ve(e)+X - commissioning
e+jets and |_,|+jetg ;?_i.l.migm s 7 of b tagging, a
, mbined [Jaco | clean top
10 B QCD uncertainty Signal in
| | lepton + > 2
jets with at
least 1 b tag is
1 .
- possible.

| et+jets and

10"F p+jets combined %

1 2 3 =4

Jet multiplicity
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Gluinoe Pair Prodiciieg
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CMS Pratminary 2070 ----- Expactad: 2.6 us Counting Exp.
J-'-"” = 332 o e  Expacted =10 2.6 pe Counting Exp.
107 Expacted =2a: 2.6 us Counting Exp. E
. E=7Tav -:=:=-=- Obs.: 10° s Counting Exp.
e mimaia Ohbe.: 100 ps-1 hr Counting Exp.
My - ”E‘= 100 Gal Chbs.: 2.6 us Caunting Exp.
10° k o Obsr 200 ne Timing Profila

10 E7

101 EZ T NLOSNLL

100 150 200 250 300 350 400 450 500
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Figure 5: 95% C.L. limits on gluino pair production cross-section as a function of gluino mass
assuming the “cloud model” of R-hadron interactions. The mz — Mg mass difference is main-
tamed at 100 GeV; results are only presented for Mg > 50 GeV. The NLO+NLL calculation

is from a private communication with the authors of [12]. The theoretical uncertainty on this
-::al-::ulatmn (represented by the blue band) is taken to be 15%. The lifetimes chosen are those for
which the counting experiment and time profile analysis are most sensitive. With the counting
experiment, we exclude mz < 225 GeV/ 2 for a lifetime of 2.6 us, and with the time profile
analysis we exclude mj < 229 GeV/ 2 for a lifetime of 200 ns.
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CMS 2010 Preliminary
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|| Cther Bkgs e
[0 ZiZ* + jets
I ttbar

—— L esjj M100
— L esjj M200
— LO eejj M300
® data

300 350 400
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Quarks and leptons are unified at some high
mass scale. Implies “lepto-quarks”. Look at q

+ 1 mass - bump hunting.
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Heavy Stable Char;

CMS Preliminary 2010 \/s =7TeV 198 nb™
— — L 1 I 1 L 1 I T L] 1 I 1 1 T I I L] —]
L ~ H : : : m
a a [ Tracker - Only Theoretical Frediction - oo
=10 e eeon st e Ty £ Use tracker timing
2 ~ —— Exclusion Stop Giuino (NLO+NLL) 3 and dE/dx —_ and
‘g .103 L —#— Exclusion Gluino Th. Uncertainty _ -
2 E ' : = e muon system
< L o timing. Tracker onl
o = ———q——-‘?
- . here.
'1 D’z E— """""""" ' —;

1073

L N P B B
200 400 600 800
HSCP Mass ( GeV/c?® )

Figure 10: Observed 95% C.L. upper limits on the cross section for production of the different
models considered and predicted theoretical cross sections. Upper: analysis of the muon iden-
tification plus tracker candidates; Lower: analysis of the tracker-only candidates. The bands
represents the theoretical uncertainty on the cross section values.
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CMS preliminary ICHEP2010 \s=7TeV

L
NNLO, MSTW08 68% CL prediction

fL dt =198 nb™ 10.44 + 0.52 nb
W — uv ; N
9.14+0.33 = 0.58 , = 1.00,,., nb
W — ev e
9.34 = 0.36 ,,, = 0.70  ,, = 1.03 ., nb
W — v (combined) e
9.22:0.24 ,, =047 =101, nb
. L . | L L . | . L . | L . L 1 L L L | . " . |
) 2 4 8 10 12
o(pp = W+X — v+X) [nb]
CMS preliminary ICHEP2010 \s=7TeV
- ‘. 1 - - - - rTr - - T 1 T T &1
; NNLO, MSTWO08 68% CL prediction, 60-120 GeV
f L dt =198 nb’ 0.97 + 0.04 nb
Z/'Y* — U  o— N
0.88+0.10,,, = 0.04 = 0.10,, . nb
Z/Y* — ee o o———
0.88=0.12,, = 0.08 , = 0.10,,,, nb
Zv* = 1l (combined) g —h
0.88=0.08,, =004, =010, nb
1 " n n n L " n n P n n n i L
0 05

1 1.5
o( pp = Zy*+X — 1I+X) [nb]
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SUSY: and \VIE)

=QCD contributesto j_ + Jets+ MET signature:
= mainly due to heavy-flavor decays to muons
= A fit procedurefor Relative Isolationto predict bckgrd from non-prompt muons

Entries / 0.05
>
L=

8
_S

100t
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150(

b . - -

IIIlII!lII'IIF'III'II']I

- Data
— Fit result
t::_Ms |:n.h?.~|ir‘:‘.irmr'ﬁ,ul_1 ...... Fit prompt
ws=7TeV,53nb> | Fit background
—_— MC prompt
MET > 20 GeV —— MC background

Prompt:251.2117.9, Observed=248
Beckerd :66.2111.3, Observed =72

+ 4

|I.l]|.i|||l

t’ll

05 1 15 2 25
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Relative isolation

Entries / 0.05

60}
50
40}

30t

70

CMS preliminary |* Data
Ve=7TeV,14nb" |—  Fit
[ ] Fit signal

wiindf=1.3

-iIIIIIIIIIIIIIIIlIIIII

MET <20 GeV

OF  Hp206ev Y $
0—- Lo o v o bow w0 by v o by v s by
o 05 1 15 2 25

Relative isolation

Prepare for SUSY searches by using data driven
methods to predict the MET spectrum at large MET

values
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Expected contact interaction scale =25
limits from dijet centrality ratio - - CMS P"E'i7<i"3f¥/f\=1-5TeV :

TeV

* Data 120 nb” :
— NLO+Non-Pert. Correction
— Contact Interactions
/ — Excited Quarks

N

- CMS preliminary
\'s=7 TeV

N(Inl<0.7)/N(0.7<l nl-=1
4) |

Predicted A limits [TeV]
N

; 1 .
i 12 P A
It ——— 95% CL, limits 3 0.51 ? I 7
0.5 L]+t ! * T i
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P b o ' e e 0"~"500 1000 1500 2000

10’ ] Dijet Mass (GeV
Integrated luminosity [pb™] ljet Mass (GeV)

FNAL- August 2010 65



