Experimental aspect of Higgs search
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Scale of universe and LHC probe

Big Bang
\"s.,.. » For probing new territory of 10 2 m
e L= % Proton we need energy ~10*13eV = 10 TeV!
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Constituent of matter

Crystal Atom Atomic Elementary
Molecule Nucleus Particles
Hadrons
e —
= Mesons .
Leptons
? =, U, T, Ve ’Vu,,v‘t
/ Pointlike
Baryons

Nuclei Quarks

Proton
Neutron

~10 KeV 10 MeV 100 MeV

1cm 108%cm 10'%m 10 %m ?
Thomson Rutherford Chadwick SLAC
1897 1909 1932 1968

Probe smaller distance with higher energy =» Newer structure



Improvement of knowledge in particle physics

Energy
A

= Precision

Rarity



Energy Frontier/Principle of accelerator

We know only how to accelerate charged particles in a controlled way

— Lorentz Force: - - . =
F=q(E+VxB)



lon source

accelerating gap —

—magnetic field

N

History of accelerators

— vacuum chamber

electrodes —

Precision Graphics

q(VxB)=mv?/r

P, =0.3Br

Nobel, 1939, "for the invention
and development of the cyclotron
and for results obtained with it,
especially with regard to
artificial radioactive elements"

. Lawrence

Ermest Orlanda Law rence
Berkeley National Laboratory

First Cyclotron built by E.O.
Lawrence and his student
M.S. Livingston

Diameter ~ 4.5” , Ep ~ 80 keV




Discovery of antiproton

Dirac equation in 1928 and the discovery of
Positron in 1932 predicted also an antiproton.

But, to generate antiproton (conservation of baryon
number, 1.19 GeV/c antiproton in spectrometer),
need an accelerator, which can give about 6.5 GeV
proton.

1955 : Segre & Chamberlin used bevatron of
6.5GeV proton at LBNL : Used momentum and
velocity (scintillator and Cherenkov) detector.

One in 44000
particles produced
in the interaction is
antiproton

Emulsion chamber : 430 um
antiproton track, annihilate
with proton and produce

nine charge particle (pion)
.
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THE ENERGY FRONTIER
(Discoveries)

Hadron Colliders

(top quark} Tewatron

(W= Z bosons) SppS -~
100 gu _~5LC, LEP  (Ny=3)
_~®TRISTAM (Goal was top..)
rising total pp «=’PETRA, PEP (gluon)
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e+e— Colliders
ECM z\/2mtarget Ebeam VS 2Ebeam
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1260 1970 1980 1880 2000
Year of First Physics

Initially increase of energy by ~10 fold in every ~12 year



LHC Accelerator Layout 1939 - 2009
(not to scale) Energy ~10° times

CMS i70 i ~105
)¢ Size is also ~10

LHC 7 TeV
8KM North Area
ALICE @~ /\p LHC-b
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Colhsmns at the Large Hadron Collider

Bunch Crossing

Proton Collisions

Parton Collisions

New Particle Production
(Higgs, SUSY, ....)

Beam size | 4.0x10%?ey Beam Energy
~9.5¢m X 7.2x10% cm~2 s~1 Luminosity
15 um X
15 pm 1374 Bunches/Beam
1.4x10% Protons/Bunch
$5m Gons)
T ———————————

. e
= ===
- - —— -

4.0 TeV Proton Proton
colliding beams

1.53x10 ' Hz <0. 01 Hz
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E? dN/dE [ev m™® 57" sr7']

Cosmic ray vs collider

|
12 [ |
10 A HiFes |
M 4 HiRes ||
P ® Auger (2010)
10" % |
* 3
8 [ |
10 + ATIC
#* PROTON
+ RUNJOB
ﬁ I p—
10 « Tibet ASg (SIBYLL 2.1)
m KASCADE (QGSJET 01)
o KASCADE (SYBILL 2.1)
1[:]4 B & KASCADE —Crande (ECIC-Q:I |
LHC (p—p) H
10° I B L L1,
17 14 16 18 20

log E [eV]

for Epeam>>my

_ ECI\/I ~ \/2mpEbeam

Expect only 1000
events/year/km?
with VS>14 TeV,

whereas in LHC,
~10° event/sec
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Identification of collision processes and products

*Heavy particles are decay to low mass particles and only lighter particles are stable,
which can be observed with instrument (detector) and reconstruct to identify collision
processes

8-decay o Particle Mass Lifetime
_ Proton ~1 GeV >1031 — 1033 year
n W, e 60Co 5.27 year
3 p Neutron ~1 GeV 15 minute
H \ " Muon 106 MeV 2.2 x 107 sec
u 2 1197 MeV 1.5 x 10-0sec
e DO 1864 MeV 4.1 x 10-13sec
D*+ 2010 MeV 7.0 x 10?1 sec
W/Z 80/91 GeV ~3x 10725 sec
Higgs 125 GeV 1.65 x 10722 sec

» Physical world is made up with only first generation
« Massive particles are available in laboratory

» As technology improves to go to higher and higher energies in laboratories,
more and more massive particles are produced to study their properties



Golden period of particle physics
4w acceptance i 4

Trace a charged particle with (B
good efficiency /"' :
Calculate momentum Al 5
|dentify particle, e/n/p/p/n 4
Separate them out, spatial A P
resolution (~8um) with particle
multiplicity up to 150 <
Mass identification, identify :‘\
mother v 4
« Secondary vertex

(
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*Bending of charge particle in presence
7 (Ke) of magnetic field provides the
information of momentum of charge
& () particle F=qVxB
K-(tag)%\1 : . i HC module
7.4
SRuaAREg
__ﬁ.f-“”’x# \ \ \ l // O B! O BN S =2
e (Jhy) — WO s :
Wi 2%

Calorimeter is mainly used @%gg uuianiss; TN\
for the measurement of — \V N RRT A
energy of neutral particle § FA—
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Basic concepts of HEP detector at collider

- Stable particles (t > 10-8sec) : e~ Y, P, p-bar, K*, a®, K|, n, n-bar, ui :
* Design detector which can detect all these stable particles
« Layers of subdetectors to detect different particle in different detector layer

* Most interacting particles are detected in the innermost layer and less interacting one in the
outermost

E]I II |
m I

KE'}": 2m
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Meutral Hadron (e.g. Meutron)

----- Fhoton

Silicon
Tracker

3 Electremagnetic
}_|! l ' Calorimeter

Hadran Superconducting
Calorimeter Solenoid

Iran return yoke interspersed

Transverse slice with Muon chambers
through CMS

D Bearnay, CERN, Febricary 2004



The Challenge T|ny Slgnal -10- Background Ratio
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Higgs signal (will not see these figures any more)
Medium 110<M <500 GeV/c?

M+
L
Z/.
H
P e —
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H (150 GeV) — 2070" — 4,

Low M, < 140 GeV/c?

Events/500 MeV for 100 fb~!

6000 |- Higgs signal
5000
4000

L L L L L L
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Events for 100 fb™ / 2 GeV/c?

25— H—ZZ we'e e'e my = 130 GeVic*
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The CMS Collaboration

Belgium

Bulgaria

A large collaborative effort Austria
3600 Physicists, Engineers and students

N USA i
38 Countries Finland
182 Institutions
France
Gradually Russia _—— Germany
Increasing —
Uzbekistan 7 Hungary
Ukraine
Italy

Slovak Republic

Georgia

gi UK \

Belarus poland
Armenia
[ nd| Spain  Portugal
. China
Pakistan Estonia
Switzerland
Korea Cyprus
Jan 29t 2009/sm China (Taiwan)

http://cmsdoc.cern.ch/pictures/cmsorg/overview.html

Croatia



Concept of a CMS detector during 1992
r(m) A . [ EPT | 74 B’C{d/a'eab’

' ~N=15
Cu/scint HCAL o Ol

047

B A A

S A ) AT SRR R AR e TS _/ >l : - 2.0
1.0 P 5cm CHg,.....--'1 0 g
1.0 M0 MSGC Tsacker g
. .‘.' 1.0 ................. / o 2-6
............... g
2 .._.'.’ .‘.......- ..... 2.2' .o .”.2.‘2/:”
0.4 % R . SI Tracker”“' 221 o Bem Gl
_.'. ._..-'. .............. 3.3 3
0.2 B8 e ...
O T‘. .................. : | ' l .
0 1 2 3 4 ZAm)

v g p ea 13
Fig. 14 : Neutron fluence and dose in CMS. The numbers in the figure are the fluence in units of ?‘() ;
n/cm2. Numbers in bold are the dose in Mrads. These numbers are giver for an integrated luminosity o
L = 102 cm2, corresponding to 10 years of running at design luminosity .

CeF; ECAL instead of PboWO,
LHC ¥-source fre jfpk MSGC tracker in place of Silicon strip
004 ¥ad [ ~ 58 vad /s 132 MeyY



India and the CMS collaboration

Concepts of LHC and CMS came in mid 80s
LHC approved in 1993
In the same year TIFR/DU joins in the CMS experiment
Initial activities at TIFR
— Radiation hardness study of fast scintillator material

— Simulation study for electromagnetic (EM) calorimeter detector design,
granularity, material etc

— Study of shashlik EM calorimeter
— Optimisation of tracker detector material/geometry

Designing, building, commissioning, monitoring of the Outer Hadron
Calorimeter and Silicon preshower for the CMS experiment (1996 --)




Indian contributions toward CMS detector

TIFR, together with Panjab University
constructed the outer hadron calorimeter

HO covers central rapidity region |n|<1.3
occupied by the five muon rings to
Improve jet and MET resolution
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CMS Preshower Detecto

Higgs discovery : Good =
rejection for H —yy mode
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End caps of CMS detector

ave 4300 silicon strip
etectors covering area of
bout 17 m?

Under India-CMS
collaboration, India has
delivered more than 1000
detector modules for the
CMS preshower




The CMS Detector

Total weight 14000 t
Overall diameter 15 m ECAL 76k scintillating < M S
Overall length 216 m PbWO, crystals

HcC AL Plastic scintilator/

Brass sandwich Muon

4T Solenoid End-Caps

Cathode Sirip ChACSC)
Resistive Plate - (RPC)

Pixel (1
Tracker Pixels & Tracker
ECAL - Pixels (100x150 pm?)

~ 1 m2 66M channels
HCAL = Silicon Microstrips
Muons ~210m2 96Mchannels MUON BARREL

Solenoid coil Drift Tubes (DT) and
Resistive Plate Chambers (RPC)

~77 million electronic channels readout in every 25ns



Mass resolution @ 125 GeV
CMS

Yy 3.72 (FWHM) 4.15
4.21 (FWHM) 4.15
7711l 1.6 (4p) 1.7 (4p)
2.1 (2n2e) 1.7/2.2
(2e2n/2n2e)
2.7 (4e) 2.3(4e)
WWolvly 20%
TT 20% 13-20%

bb 8-9% 13%

24



The LHC Machine and Experiments

Luminosity
First phase
701033 cm—s71

pp collisions at 7-14 TeV
Pb+Pb at 2.76-5.54 TeV/

.
_gh lumi‘phase -«
m_2 -1 LHC - B CERN
i ., Point 1 ==z Point 2

4
e aml|

High Energy => factor 7 increase w.r.t. previous accelerators
High Luminosity (# events/cross section/time) = factor 100 increase o viooss



LHC performance: 2010-2011-2012

Performance over the last 24 Hrs Updated: 03:34:22
~4000
2E14 -
. -3000 2
= 1.5E14 I v
o i -2000 &
g 164 @
SE13- -1000 “
| | | | | | 1 ﬂ
08:00 11:00 14:00 17:00 20:00 23:00 02:00 05:00
— I{B1) — I{B)) — Energy CMS Total Integrated Luminosity, p-p
o L wogserrev e
o o0 2011,\_s=TTeV :
19-Aug-2012 05:33:42 Fill #: 2985 Energy: 2012, 5= 8 Tev "
Lumi Performance over the last 24 Hrs Updated: 03:33:326 14' 2012 certified 314
- . . ' ‘Golden’: 5.19 fb! (85%) 3
. 4.2x108 collision/s 12 12
< i : - Muon: 5.62 fb! (92% ‘
| 6000 ’\ 10 60 10
.';' 4000 - 8 | 8
= 6 6
= 2000 | |
£ 4 4
08:00 11:00 14:00 17:00 20:00 23:00 02:00 05:00 2: | 2
— ATLAS — ALUCE — CMS — LHCh 0 02/05 b2/07 01/09_ 0
o Time in year
Maintains a constant luminosity Total # of proton-proton collision :

@P8(LHCb) throughout the run ~16 x 10'4 (used ~7 x 10%4) 2



Proton proton collision - Pileup

Date Recorded: 2009-12-14 04:21:03 CEST
Run/Event: 124120/542515
Candidate multijet event at 2.36 TeV

ATLAS Online Luminosity

0 Vs=8TeV, [Ldt=631b" <u>=19.5
0 Vs=7TeV, [Ldt=521" <u>= 9.1

Recorded Luminosity [pb 70.1]

10 15 20 25 30 35

pT cut on tracks displayed > 0.4 GeV

3 PFlow jets pT > 10 GeV { Mean Number of Interactions per Crossing

Upto 78
vertices

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:16:20 2012 CEST
Run/Event: 195099 / 35438125

Lumi section: 65

Orbit/Crossing: 16992111 / 2295




One year’s data from LHC
would fill a stack of CDs

20 km high

Boeing 747
~10.5 Km

X

| ——egme

Mt. Everest
(8.85 Km) e <2

I ‘In hard numbersl ‘

LHC collides 6-8 hundred million
proton-on-proton per second for
several years.

Only 1 in ~20 thousand collisions
will have an important tale to

tell, but we do not know which one!

= so we have to search through all
of them!

= Huge task!

* 15 PBytes (10 5 bytes) of data a
year

* Analysis requires ~100,000
computers to get results in
reasonable time.

GRID computing is essential




CMS Grid Structure ier C

site 10 GBPS links

n—u

Tier 1 (Tg}?/lv':n) USA  armany Italy ‘rance
8 centres ‘§
Logical, geographical Tier 2
association of regional groups / SN
T2 IN_TIFR

Different Universities, Institutes Tjer 3

EHEP, 'HECR @ Panjab U. )( BARC
(TIFR)

Individual scientist’s PC



True concept of Compact Muon Solenoid

-
L=
>

2011 Run, L=1.1b" | 5,
CMS \s=7 TeV

B,

Events per 10 MeV
2 8

W Y

trigger paths
A
B J/y

B — u'w
Y

i low P. double muon

® 0 high p double muon
3
10
= V4
10° =
= ‘%ﬂm CMS Preliminary, Vs = 7 T
10 E: ’g 800
=
— :,: 600
17
: 200
10" 3 T ot
8 8.5 9 9.5 10 10.5 1 1.5 12
p*p” mass (GeVic?)
I
| | |
1 10 10°

dimuon mass [GeV]
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CMS Higgs search : In case of no Higgs signal

w 10*

0 10° 1§ _n=0)

2 . f(ﬁ:;Iu:n —

;103 Observed value NUp — f(NObS’ Nb; e)

E T . . .

Ep 95% confidence limit on 6, = N,/ JLdt x B x &
: up up
0 5

1o TR— Gup/GSI\/IH

Test Statistic EH

. Expected limits . LR — 3

- CMS Preliminary —pCombined . CMS Preliminary Expegtedgmnz .

f \s=7TeV.L=51 fb: H— bb i [ Vs=7TeV,L=5.11b" e ]

i ‘S=8TEV,L=53 fb —  H.s 11 7] = ‘S=8‘TEV,L=53 fb—1 oy ]

i \ — Hoyy i i H—)tt |
— H—yy
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101 — H- 27 10 ML 77

L
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TE T Qs ]
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100 200 300 400 500 110 115 120 125 130 135 140 145

Higgs boson mass (GeV) Higgs boson mass (GeV)
If there is no Higgs it can be excluded with existing CMS data



In case of signal, quantify an excess of events:
Probability of background fluctuatlon

] 10°
f data |0, 8 ) 2 0%k
Qo =—2 ( 10,6,) and 42>0 5 .
910
f(data | i1,0) 5
10
£
— P(q Obs) = 402
0= 2 2 2 10
= — > Z
P(AY" =X =X, >0) =
A LI T B i R A I I B IR I = o Yl
= ATLAS 2011 + 2012 Data 0 5 10 15 20
Q [Ldt~46-48f" 1s=7TeV |Ldt~5.85.9f" vs=8TeV Test Statistic q_
— cMs (5=7TeV,L=511" Vs=8TeV,L=53fb"
---Expected Combined - -- Expected H— ZZ* — Il --- Expected H— bb %I__l__:_:l:‘,i,l,,I,,I,,I,,I,,l,,l,,l,,l,,l,,l,l,I,,I,,‘,,‘,,I,,I,,I,,I,l T I__‘kj

—= 20

---Expected H — vy --- Expected H — WW* — Iviv Expected H — 1t 36

____________________________________________________________ 4o
10°
______________________________________________________________ 50
8
10 TN N 66
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Tellzaa . 10—11 — :ﬁo_n)‘lbined
A e W T g 7o
110115 120 126 130 135 140 145 150 | — o
107 = how
- mH[GeV] L1 _> T v b v b b s
Note : different mass ranges 110 115 120 125 130 135 140 145

m, (GeV)

Higgs can not hide within this mass range .



Higgs Search at LEP
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Early search in the domain m, <20 GeV
& H

"
"
=" ]
+ 1

] -'.-f-.-.
& 7,

f

Acoplaner lepton-pair. m,<2m,, Higgs boson is long lived and thus escape
detection

Acoplaner pair : pair of charged particles from Higgs decay recoil against a Z—vv

Mono-jet topologies : Hadronic decays of the Higgs boson with an intermediate
mass and with a more intricate fragmentation process, where a single jet recoils
against a Z*—vv

Last two has backgrounds from e*e-——y*Z

35



Events /3 GeV/c*

Events / 3 GeV/c*

25

20

15

10

Direct search results from LEP experiments

- I:l Background

Il signal (115 GeV/ch)

- LEP Vs = 200-209 GeV IL.oose
i —+ Data
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| | Data 119 17
- Backgd | 116.5 15.8
|| signal 10 7.1

1

P I .
80 100 120
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| Backgd | 14 1.2
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———————— Expected for background

———————— Expected for signal plus background
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Higgs Search at LHC



A candidate of H—ZZ* with FSR

CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

CM

w(Z) py : 28 GeV

7 TeV DATA

dp+y Mass : 126.1 GeV

w(Z,) pr : 14 Ge

n(Z,) pr:67GeV



H—ZZ()—four lept

. py>7/5 GeVand [n| < 2.5/2.4 for . 04 by Of the 4 leptons
; T4 H—=ZZ™")—4pn é
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Di-jet Tagging H—yy candidate
Exclusive selection of di-photon events with
VBF-like topology: Di-jet event with:

. Two high pT jets with large pseudo-rapidity « diphoton mass 121.9 GeV

difference and invariant mass « dijet mass 1460 GeV
CMS * jet p: 288.8 and 189.1 GeV

> * jetm: —2.022 and 1.860

~
\\ \

High S/B
~80%-pure VBF events for large
di-Jetinvariant masses

A 32 o

\
\

l,‘ .{

©MS Experiment at LHC, CERN
Data recorded: Mon Sep 26 20:18:07 2011 CEST

Run/Event: 177201 / 625786854
Lumi section: 450



H—yy

P:,>m, /3 (m,/4) for leading (sub-leading photon), for VBF P, >m, /2

| <25&1.44<n|<157

Jet in VBF : Pt>30/20 GeV, |An[>3.5, m;;>350/250(500) for 7/8 TeV data, |AN;l

<2.5, |A‘P[w][ij]|>2'6
BDT for photon identification
Vertex : conversion tracks,

YR - and (Y P —-P")IQ P +PY)

Background from nonresonant yy, y+jet, QCD eTv nts

CMS {s=7TeV,L=51f"s=8TeV,L=53f"
T T T T T

% [ — 1t r T T
0] Unweighted

1500

1000

| ¢ Data
500 " semFit
...... B Fit Component
[ 1+16
| I 20

1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 L 1 | L 1 1 L | 1 L
0 110 120 130 140 150

m,, (GeV)

S/(S+B) Weighted Events / 1.5 GeV

1 CMS Vs=7TeV,.L=51f"V{s=8TeV, L=53 b
@ E
=3 ~
© - N
> -{7 - )\ ([ A\ /] 1o
S10'N/
g = -
S e
102 """ Tramee . ST <
- 30
3= v
10 = Observed
-l e Exp. for SM Higgs Boson
A
10 g 7 TeV Observed
= 140
B 8 TeV Observed
10-5 [ | | TR N R N B L1 T N B R
110 115 120 125 130 135 140 145 150
my, (GeV)



Compatlblllty of data with SM Higgs

w = CMS (s=7TeV,L=5115" s=8TeV,L=531"
l'.ﬂ 1 0 B —— ObSENEd -E T T 1 T T T T [ T T T T [ T T T T [ T T T T [ T T T 1T ] T T T 1]
E F\s =7 TeV, L=5.1 fb' | [f558 Expected (68%) g 1 —=— Observed —
° 1 gs =8TeV,L=531f"| ... Expected (95%) £ - Expected (68%) | 3
~ E S 1w Wy Expected (95%) |< 950,
= 10 2., ' 199%
2] 10 =
m _2 % =
210 2 o0 199.9%
L 3 I E
10 ]
= = 0 ~
wn a w = =
—— 10 L — m
(@] o 5 _
107 E =
cn 5 0 = =
—10 d = -
O 10° E
10° - s
7 10-? ET o o Lo b s P I B I R
107l . 1L 110 115 120 125 130 135 140 145
100 _ 200 300 400 my, (GEV)
Higgs boson mass (GeV)
1045 & —
((data | 1,0 ) . 5 — 1@ _Ju=0)
q,=-2In ,where 0< < u — f(q Ju=1)
/(data| 4,0)

Ob;served value

p, = P(a, = a2 | us(6;7)+b(8) = [ f(q, | 1.6;7)da,

obs
,u

= p(d, 2 a5 |b(d5™)) == [ f(q,10,6;>)da,

obs

Qu

Number of toys
)

a’ T

95 20
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o
w
—
(=]



Significance of the observed excess

CMmS ls=7TeV,L=511" {s=8TeV,L=531"
q’ 1 T T T T T T T | T T T T | T T T T J_I T 1 T
2 SN 10
f:g , B " 126
L 107 —
Lok \\7Zant
CU - ]
(@) 4 |
ook \// _
3 e = 40
-6 ., ]
107F ' \_/ 190
108 ‘ —]
66
| | == Combined obs. T
107% | -- - Exp. for SMH —
| |—V{s=7TeV B
" | = {5=8TeV | | X 7
1 - == T [ [ | T T T T T T T T T T T T T T 1T T T T T.I [ T T T I [ T T =4
0 110 115 120 125 130 135 140 145
m, (GeV)

Note : Different mass ranges

2

L L L L L BN BN BN B
ATLAS 2011 - 2012 Obe
\s=7TeV: |Ldt=4.6-4.81b" oo Exp.
{s=8TeV: [Ldt=5.8-5.9 fb D+
1 et - - o o e L LI LIIICIIIIIIIIIIIIIII IS TIIIIIIT It = Oc
10 T T T T T T e 1o
10‘2 ------------------------------------------------------------------ 20
108 o LT 3%
10"
1075 ------------------------------------------------------------------ 40
10°
10,7 """""""""""""""""""""""""""""""""""""" 5c
10°® .
10 [ -mmemmme e r oo N e
107 .
10"
;=S R W TN W T NN T N T TN T T T T N O [ o A O O I =
110 115 120 125 130 135 140 145 150
m,, [GeV]

« Observed significance in more (less) than the expected significance at m =125

(126) GeV in the ATLAS (CMS) expt.
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Significance of the observed excess
(local p value) @ 125/126 GeV

Decay mode/ Expected Observed ATLAS ATLAS
combination (o) (o) Exp (o) | Obs (o)
Ty 2.8 4.1 2.5 4.5

ZZ 3.8 3.2 2.7 3.6

WW 2.4 1.6 2.3 2.8

T 1.4 0.0

bb 1.9 0.7

1t + bb 2.4 0.5

vy + ZZ 4.7 5.0

vy + ZZ + WW 5.2 5.1 4.9 6.0(5.1)
yw+tZZ+WW+1t 53 5.0(4.5)

+ bb
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0/,

Signal strength ()

Mass of the observed boson

GCMS \f_ ?TeVL 51 f' Vys=8 TeV, L = 5.3 fb'
L | H— "Y'Y + H _l) ZZ ! == Combined i
L %= H — vy (untagged)
5 4 H— vy (VBF tag) ||
B &%= H->ZZ
4 -
31 -
20 =
- 3= ]
0 B ‘ 1 Il 1 1 ‘ 1 Il 1 Il | Il 1 Il Il | 1 Il 1 1 ‘ 1 Il 1 Il | Il 1 Il B
123 124 125 126 127 128 129
m,. (GeV)
_I T T T T | T I T T T T I T T T T ]
- ATLAS 2011 — 2012 ] °
 Vs=7TeV: [Ldt=4.7-4.8 fb" + Bestfit ]
L \s=8TeV: [Ldt=58591" —68%CL ]
N ---195% CL ]
[~ i —H->2Z" >l 7]
- - —HowWW) S iviv ] o
- 1 e

: E CMS Prellmlnary —— Combined
= 9 vs=7TeviL=sam | T HTY(Unacged)
- —— H — vy (VBF tag)
o 8f Vs=8TeV,L=531b" g
71 :
o
5F E
Al <
1F -
E ||||||||| | M% R B |E
'P22 124 126 128
Mass (GeV)

Imperfect simulation of electron and
photon, extrapolate from m, to m,~125
GeV (0.5%), lepton scale (0.5%)

2D plots : Relative yield among three
channels are from the SM

m,=1253+0.4+0.5GeV
126.0 + 0.4 + 0.4 GeV)

(ATLAS :



Compatlblllty with the SI\/I nggs boson

2.5 = : ——
= CMS F‘rellmlnary - EB% CLband 5 % CMS F‘rellmlnary £
— — EB% CLb d| 3
2-05 Is=7TeV,L=5.1fb" 16 20F (s_gTev,L=53f" - an E
1.5 45 15 =
1.0F 95 1.0 E
0.5 @ 05 =
0.0F 0.0 E
-0.5 -0.5
PR T S TR T T T IS T S SR N T T S S N S T S T N S SR S R S T R N Y T T T
o 115 120 125 130 135 140 = 14 110 115 120 125 130 135 140 145
Higgs boson mass (GeV) quqs boson mass (Ge\r’]
EE.SCI\I.’ISIIIIIIIIIIIII\’_TTeVL51be\f_8TeV|L53fb’ = e O ‘ ,
& - ‘-68% oL band | ] = 25 ATLAS | 2011 + 2012 Data1. .
® 2.0 — © = —— Best fit Vs =7TeV: det_4.6 4.8 fb'
= - . & of [M-2iniw<1 {s=8TeV: |Ldt=5.8-5.9fb" ]
D 15F = = .
o : g 1.5/ =
1.0F - »n F .
- . L] Sl e & ]
0.5F — - ]
N 0.5 —
0.0 . g
: 5 o :
-0.5j . E .
:I v b v v b v by e b by Ly |: -0 5'_ AN T T TS S O Y S S '7
110 115 120 125 130 135 140 145 110 115 120 125 130 135 140 145 150
my (GeV) my, [GeV]
Best fit value for 7 TeV and 8 TeV data are consistent with each other

Observed o/og,, = 0.87£0.23 @ 125 GeV (ATLAS : 1.4 £ 0.3@126.0 GeV)



Compatibility with the SM Higgs boson @ 125 GeV

H— vy

H— ZZ

H— WW

H— 1t

H— bb

CMS

V\s=7TeV,L=5.1f5" \s=8TeV,L=5.3fb"

m, = 125.5 GeV

-1 0 1 2 3

Best fit G/GSM

IATL'ASI 201I - 20'12

W,ZH — bb

I I
m, = 126.0 GeV

Vs = 7 TeV: [Ldt = 4.7 o'
H— 1t

\s = 7 TeV: | Ldt = 4647fb

H—>WW —>Iv|v

Vs =7 TeV: JLdt= 4.7 b
Vs =8 TeV: |Ldt= 5.8 b

H— vy
Vs=7TeV: |Ldt=4.81b"
\s = 8 TeV: ILdt 5.0 b

H—>ZZ —>4I

Vs = 7TeV: [Ldt = 4.8 o'
\s=8TeV: [Ldt=5.8f0"

Combined

Vs=7TeV: [Ldt=4.6-4.8fb"

nw=14+0.3
Vs=8TeV: [Ldt=5.8-59b"
| | | |

-
I I

-1

0 1
Signal strength (u)

Need more data to reduce the error on individual measurements
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Conclusion

Direct constraints from LEP, m, > 114.4 GeV

The CMS/ATLAS collaboration has looked for the SM Higgs boson with
pp collision data at Vs = 7 and 8 TeV with luminosity ~5.1 fb~% and ~5.3fb -1
respectively.

Reported search results on five decay modes : yy, ZZ, WW, Tt and bb
channels.

Observe a significance excess for CMS in two high resolution channels with
local-p value 5.0c, whereas expected local significance of signal was 5.8,
whereas for ATLAS, those are 6.0c and 4.9c

Mass of the excess signal, m, =125.3+ 0.4+ 0.5 GeV (ATLAS : 126.0 +
0.4 £0.4 GeV)

vy channel disfavour spin-1 hypothesis

With more data in 2012, both CMS and ATLAS collaborations will study
properties of this signal.
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Limits for low statistics (counting expt with/without background)

Upper limit at 907% CL, s,

For Poisson distribution, counting a certain number Y o57% —> h=0.4
of events, n : random repetition of the experiment o8 i\\ '
with p=N,, (N,,) has probability (1-a) to observe z\g N,,=5.91
more (less) than n events Nibse Con +b))(Nup+b)” - \§
In presence of D P n! \\
background - R b" NN
g | exp(— b)| 0.05 \i
n=0 n: \
L © Boyésion fidt ' b=3.0 ' - B
11+ @ Bayesian 1/sqrt(s+b) - N\
- O Bayesian 1/(s+b) . °0 = 5 =" 1‘0 ; o 1.<
| W clossicol ] = i Observed event (n) )
" A stot. significonce & ,
91 A integration of likelihood = 25
[V MC likelihood technique R =
| X Feldmon Cousins " 8 - = :
7L . » JdSmall number|.z = |
A o4 - =
d § “ lisalwaysa 2 - -
5 E— h ﬁ y —: t”Cky %‘g: 10 d*
: A i {problem. =
L ) ! " . o 2
3 g L 4Thereisno |= £e
P \ > s
8 N 1thumb rule :
- - . o
ik e -{for this.
il ; o ] i 1 o 1
0 2 4 6 9% s 10 15
Number of events in the signol region, n

Expected BKGD events (Ug)



Limit calculation (qualitative argument)

MC prediction on limit : assume null signal, S=0 and expected background,
b=9

= [~ i ' : ' : i :
L Observed CLs Limit CMS preliminary.
— N.=9—>S5 N,,.=7.77 - 2 B[ eeeeenn Median Expected CLs Limit = =5 Tav | = 4 76 fii'
obs up \\ :I: : [ = 1o Expected CLs ?E_?T?VL_M{G y
° lG range \\ 5 AE: [ +20Expected CLs ’ :
o q Af : :
— Ngps= 12> Ny =10.7% ¥/
— Ngps= 6> Nyp = 5.52 Yo

— Ngpe= 15 — Nyp = 14.15
— Ngps=3 = Nyp = 3.99

Ixogy

q‘ITd - I1‘:5I - I'|20 125 | 130 | I‘|35I - |14d - ‘145| - I15C|
.. m, (GeV/c?)
e Observe limit (data) : \

— Expected background, b=9, N,=13 - Ny, =11.85

‘\Ili II;\I l |

95% confidence limit on o, = Nyp/ [Ldt x B x

« CMS/ATLAS does not use this procedure, used
* Modified frequentist limits (CL5S)

50



Modified frequentist (CLs) method for limit

p. (§i |6;) The probability of measuring 6;-bar, given the true value 6,

¢(data | i, 0) = Poisson(data | - s(8) +b(6)) H p(@.|6)

n.
(s +b;)” o HSi D
n!

Poisson(data | zs+b) =] |
j

for an unbinned likelihood over k events:k™] ] (x5f,(x;)+Bf,(x;)).e“**® D
j _ u
, CLs(p) = —=

] ((data| u,0,)

Profile likelihood ratio, q, =-2I /(data| 2.0)
ata | /1,

p, = P(d, = 0" | 1s(62) +b(65™) = [ £(a, | ,657)da,

Gy

p = P(a, > [b(65™) == [ (a,10,6,)da,

Ay

For p=1 and CL;< o = The SM Higgs boson is
excluded with (1-a) CLg confidence level (C.L.)

Adjust p until reach CL¢ =0.05 to quote 95% CL upper limit, p%%CL

.where 0<

A< p

-
(=]
=9
TTTT

Number of toys
=]

Number of nuisance
parameters were 156 to
222 in last publication (
Depending on mass)

0

Observed value

| WMH 1

0 5 10 15 20
Test Statistic q,



The predictable future: LHC Time-line

2009 Startof LHC N
\)
Run 1: 7 and 8 TeV centre of mass energy, lur— $V>°$ T
ramping up to few 1033 cm=2 52, few b1 - 6‘%%
< ‘g(‘\

2013/14 LHC shut-down to prepare mack’ S o§\\\ c\\‘b“ \
nominal luminosity s . %(ﬂ‘e \
Q‘OQ 0‘ e‘b¥'\“ S\oée A
Run 2: Ramp up I oi‘“e m‘o‘é 6‘5‘6 _u t0 100 fb?
© \ W\
2018 Injector e’ 3&\‘& 936‘(0 ke e%@..nate luminosity I
LY < Q« “66\
Run3:Ra 0 ‘oeﬂ“ _1ominal, reaching ~100
fb~1/ year & AC® ured fb!
wi°
~2022 Phase-11: High- v.y LHC. New focussing magnets and
CRAB cavities f¢ .<cry high luminosity with levelling
[ T Run 4: Collect data until > 3000 fb—!

2030 |



HE-LHC — LHC modifications

HE-LHC >2030
CMS Epeam=16.5 TeV

LHC

Non:h Area S PS+ :
1.3 TeV, >2030 LHCb

TT40 TT41
‘E}\mim:ms
CNGS

2006 Gran Sasso

TI2 \,

'“-ooster
1988 East Area

= :5;\ : ;
PS
]

1958 (628 m -
CTF3
éﬁ
&=

LEIR
~EPS, Grenoble 53

July 23, 2011 S. MYErS



LHeC options: RR and LR LH.0

CMS RR LHeC:
new ring in
LHC LHC tunnel,
th — wth bypasses
' "“.‘ '
LHjPund
e e €Xperiments
SPS
neutrinos
TT10
—\ ATLAS CNGS
TT60 e Gran Sasso
= = RR LHeC
T2 4 BOOSTER - e-/e+ injector
) 0 R o) )\
LR LHeC: L2 » ISOLDE 10Gev,
recirculating % - 10 min. filling time
_ _ S
linac with e PS 1
energy ‘0 tnac2 ” (] < CTF3
recove ry’ neutrons N 4 O -
1 LINAC 3 \ LEIR
or straight lons —

linac S. Myers ECFA-EPS, Grenoble 54



CLIC Layout at 3 TeV

Drive beam time structure - initial
240 ns

e
LU agytnl

140 us train length - 24 < 24 sub-pulses
4 2 A -24 5V -60cm between bunches

Drive beam time structure - final

)

240 ns

—

5.8 s

-

24 pulses - 101 A - 25 cm between bunches

K K
N
{ e~ main linac, 12 GHz, 100 MV/m, 21 km

800 klystrons Drive Beam
SMWASSWs | ] Generation
drive beam accelerator Complex

A
\J

2.5km

| Drive Beam '

M _ BDS - BDS .
2.75 km P 2.75 km

800 klystrons
15 MW, 139 s

drive beam accelerator

circumferences I I I
delay loop 73 m

CR1292m
CR2438 m

A
Y

2.5km

et main linac

\

r

-
<

CR
TA
DR
PDR
BC
BDS
P
|

48.3 km
combiner ring
turnaround
damping ring
predamping ring
bunch compressor
beam delivery system
interaction point

dump e~ injector,

2.86 GeV

Main Beam '

booster linac
2.86 to 9 GeV

e* injector,

2.86 GeV Main Beam

Generation
Complex




ATLAS and CMS Detectors

B field: 2.6 T (Solenoid), 4 T (Toroid) 3.8 T (Solenoid)

Inner tracker: In| coverage
a(pr)/p7 at pr=100 GeV

EM calorimeter: |n| coverage 3.2 3.0

o(E)/E 9%/VE + 0.5% 3%/VE + 0.25%
HAD calorimeter: |n| coverage 4.9 5.2

o(E)E (EM+HAD combined) 70%/VE + 3.3% 70%/VE + 8%
Muon system: In| coverage 2.7 2.4

o(pr)/prat pr=1 TeV 7% 5% 6



b+Pb mteratlon

Sum Energy m HF

CMS I:xperlmeqt at\be\tﬁc CERN A good varable to

Data recorded: 9wmm1‘§ 44 420271 GIF ‘..§‘ 7:44 3 8T) :
Run / Event: ”51076‘!430“5\);}“«» ‘ n ‘5‘ i N v i e e

cenl:ralit)7
data driven check




Nature of interactions
Gravitational --solar system/galaxy Electromagetic ——poton

Weak --radioactivity Strong --binding of nucleus



Electromagnetic interactions : Maxwell’s Equations

VeD=A4np Inverse square law
VeB=0 No magnetic charges
cV x E = 0B /ot Electromagnetic induction
cVxH=-0D /ot Ampere’s circuital law
James Clerk Maxwell )
+ 471t] + charge conservation
1831-1879

Unified Theory of Electricity and Magnetism
co,Fw =4n Jv
OMFV* + OVFEM + oMY = 0

The road to unification



103" m 1032 m 10" m 10" m 1G-'* m 10 m
10" GeV 10 GeV 102 GeV 1 GeV 1 Mevw 10 eV

Magnetism

Unification of fundamental fofgces _._...

maghetism
NMarxwelf

L ong range

Electricit

Fermi

Weak Theory Weak Force

Grand ?,3 - Standard
— %
w0

Unification v model Short range
Quantu_m : QCD Nuclear Force
e _ Short range
U nififali?oe; Kepier Celestial

Gravity

Long range
Terrestrial
Gaiitei Gravity

Universal

Gravitation
Einsiein, Newifon

Theories:
STRINGS? RELATIVISTIC/QUANTURM CLASSICAL



Standard model processes at Ys=7 and 8 TeV

.. CMS Preliminary
CMS Preliminary,\'s=7 TeV = [
= | e CMS combined 7 TeV (1.1 fb’)
= m CMS combined 8 TeV (2.8 fb' )
) ~ o CDF
! o DO

CMS e/mtjets+btag

164+ 3+ 12+ 7
TOP-11-003 (L=0.8-1.09/pb)

(val + stat. + syst. + lum) 102

170+ 4+70 + 8

(val £ stat. + syst. = lum)

CMS dilepton (ee,nmem)
TOP-11-005 (L=1.14/fb)

Approx. NNLO QCD (pp)
Scale uncertainty

CMS all-hadronic 136 +20+, + 8

TOP-11-007 (L=1.09/tb) (val  stat. + syst.  lum) 10 — [ Scale @ PDF uncertainty
- i Approx. NNLO QCD (p[p)

; 26 : %%@ ,’ Scale uncertainty
CMS dilepton (i) 149+24+5 + 9 -/ 7 BN Scale ® PDF uncertainty

TOP-11-006 (L=1.09/fb) (val + stat. + syst. + lum) Langenfeld, Moch, Uwer, Phys. Rev. D0 (2009) 054009

MSTW 2008 NNLO PDF, 90% C.L. uncertainty

CMS 2010 combination a) 154+17 + 6 1 2 3 4 5 6 7 & N
arXiv:1108.3773 (L=36/pb) 8 (val £ tot. + lum.) Vs (TeV)
o o E i
CMS e/ntjets+btag = 150+ 9+ + 6 = - W i @ 77TeVCMSmeasurement (stakesys)
arXiv:1108.3773 (L=36/pb) = (val + stat. + syst. + lum) | ! 8 TeV CMS measurement (stakss
. 5 10° —o—*— Z ¢ - =
) 1 R 14, < o = | ; i | ——— 7 TeV Theory prediction
CMS dilepton (ee,,me = 168+ 18+, + — =21 ——— _—
arXiv:llOS.SEGl (L=(36/pb) m ) (val £ stat. + syst + lum) - — =1l i i —— 87TeV Theory prediction
< S 10 ™ =1j !
R = | =2f i i '
CMS e/miets T 73414238 & 7 = S : ) | | |
arXiv:1106.0902 (L=36/pb) (val  stat. + syst. + lum) 8 a — | : =2 ! : ! ,
| D 10°E | =3 | F Wy |
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009 = i i i Y ! !
MSTWZOOIT(N)NLO PDF, scale A PDF(TO% cL) uncTrtainty | 7] = - =3 :‘—U—E . :
o - =4]. — \ | L WW | |
0 50 100 150 200 250 300 O 10°E | e T | | | |
@ (ob) 5 = il I i o Wz |
S p = I \ | ; P77
"g' 10 ! E; >30 GeV | E{>10GeV ! o l
= In*i1<24 | AR(y.D=07 o=
« (Good agreement B E " | ana | o
o 1 = E E E -1 -1 i
 Lotsofd ata, S 36, 19 b’ ' 36 pb! ;:g E.1 1.1 b ;:g E“

— confident to look on Higgs pidasdiion it N tpyndini

CMBE-PAS-SMP-12-011 [W/Z 8 TeV) 007, O3, D14 [WW ZZ)



Common uncertainties in Higgs searches

Integrated luminosity : 2 (4)% in 7 (8) TeV data

Trigger efficiency of electron/photon/muon

Electron/photon energy scale

Muon energy scale

Jet Energy Scale

Theoretical uncertainty on production rate and braching fraction
— QCD scale (pg,pg) : +7-8% for gg, 1% for WH/ZH, +4-9% for ttH
— Branching fraction 5%
— PDF : 8 (4)% for gluon (quark) initiated processes
— Jet associated channels : upto 25%
— Interference of Higgs signal with other SM processes, <0.3%

62



Physics goal at LHC and design of detectors

*CMS and ATLAS are “general purpose” detectors — those were designed to be able to detect
anything!

*\We believe that the Higgs boson, and/or Supersymmetric (SUSY) particles exist, and the
LHC will provide collisions energetic enough to create them

S LHC NVs=14TeV L=10>cm>3s™" rate: =Niear
barn 10
BUt We CannOt See S P Y [ ] e &"i‘ﬁé‘ié“si'l‘é """"""" o= "I'.'-'\"'.i"i""_‘l""""-'l‘_t"“' """"""" S GHZ 10 15
Higgs/SUSY particles directly LR T I 5 LR e 5 o 15
as they either decay to lighter me i e L 10
(stable) particles or cannot be e N —dmMHz Jd1o ™®
seen with any known detector o S S 1 . 2. 10 2
T i e S . "rna_x“_— = S - 10 M
We have designed our iAW kHz d10 1°
detector to look for the stable s e
particles and signs of ANl - 1 e
o s 9 . B g P Hz 107
invisible” particles..... 5, i .
"""" ;«\;‘::\ 10
- . pb \\\\K 10°
Interesting physics processes e a
. e s mHz 10
are 10719 - 107 times smaller = e ML 103
than inelastic pp Interaction - 7:\\|\ -
rate =% Searching for a needle | e L pHz 10
. s¢alar
In a hay StaCk 50 500 i1l:l|tlll.'.l 2000 5000 1

particle mass (GeV)



Present Knowledge About Fundamental Particles

Emmmsmms e pionNns SRR

Discovery
3rd G e T ete — e*Tu¥ &£ 1975
# = - Neutrino
v, v, — 1 + X 2000
d e .
on 4 ol Muon 12+ Cosmic Ray 1937
v, r-beam study 1962
Ist  |etectrontai®® -1 o & Electron e Since ages
v, Reactor Expt 1957
Generation : 1 neory does not predict this number
meeesssss Quarks e
Electric Sharge i, d 5 = H = | d ron &3 rly
3rd Spectroscopy 60's
Charm p Be — cfe X
2nd Strange e 7 1, : & e == -X(f.f—) 1974
Beauty pPt — et~ X 1977
1st Top pp — €€ X 1995
each quark: ~ = ‘ei—'—Jet

Late discovery : High mass or low interaction rate (rare process)

« Heavy particles (unstable) decay to low mass particles
« Stable particles (t>10-8sec) are detected in the instrument



BR for SM Higgs

Higgs production cross section
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Status of Higgs search before LHC run

| Experlmgnt B SM theory
Indirect constraints from precision EW data : o
M,< 260 GeV(2004) The triviality (upper) bound and
M,,< 186 GeV/(2005) vacuum stability (lower) bound as
|\/|H< 166 GeV/(2006) function of the cut-off scale A
: Direct limit from LEP:  «triviality” :
M, < 154 GeV(2008) _ yo.o o
M,, < 157 GeV(2009) M= 1144 GeV Higgs self-coupling remains finite
800
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H-WWU)slvly
P>20(10) GeV

Separate selection for o-jet, 1-jet and 2-jet categories
— Same is true for ee/pp and ep channel
M, >12 GeV and | M,, —-M,|>15 GeV

EmMiss (Emi_SS +x Sin(min(4e,4/2))) > 25 GeV, for opposite/same flavour Ap=angle
between E;™s and nearest lepton

Dominant background is tt-bar and DY, also WZ, ZZ and Wy

CMS V's=8TeV,L=511b"
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Events/10 GeV

H—11
en, uy, €1y, pTy,
Also according to # of jets (P+>30 GeV)

Leading P+ >40 GeV for hadronic tau and >35(30) for ep/pp channel
m_. : reconstruction using missing E; projection along lepton direction
Backgrounds : Z—1t/pp, QCD, W+jets, Z+jet, tt-bar, Diboson

M- of lepton and missing E; <40 GeV (remove W+jet events)
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VH-—Il/Iv/vv bb

Due to large background and trigger criteria, it is looked with an association with
Wor Z

P+(V) :[50-100] GeV range with Z ( 1l)

P-(V) >170 GeV with W(lv)

120 < P+(V) <160 GeV with Z(vv)

BDT trained at discrete mass points

Backgrounds : QCD, W/Z+jets, tt-bar, Single top, Diboson
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Types of Particle Collider

Proton-Proton Collider (e.g., LHC)
Discovery machine

d - 9
¥y ¥

Eprotonl = Edl t Eu1 t Eu2 t Egluonsl

Eproton2 = Ed2 t Eu3 t Eu4 T EgluonsZ

Collision could be between quarks
or gluons, so

0< Ecollision < (Eprotonl t Eprotonz)

I.e., with a single beam energy you can
“search” for particles of unknown mass!

Limited by the strength of bending magnet

Electron-Positron Collider (e.g., LEP)
Mainly for precision study

e e

Electrons are elementary particles, so

EcoIIision = Ee— + Ee+ =2 Ebeam
eg, in LEP, ECO"iSiOﬂ ~ 91 GEV
= mZ

l.e., can tune beam energy so that
you always produce a desired particle!

Limited by synchrotron radiation loss

Combination of these two, electron+proton are also there, e.g. HERA



Precision and rarity

Wilson Cloud chamber : lons act as nuclei for the condensation of
supersaturated water vapour

Wilson’s original
cloud chamber, 1911

Discovery of positron in 1932 :
63 MeV positron passed 6mm lead
from bottom and emerging as a
25MeV positron

Not possible to study interaction of
particles, Position resolution : 500um, ....



Gargamelle Bubble chamber : Discovery of neutral current in 1973

Camera
1=4.8m -
d=2m NN "
Wit=1000ton 0 83
18 ton liquid Sl | [1igutd |5
=
freon (CF;Br) >articles & gg
@
O Q
o o
S o
Pisto
o o
o o
) : Magnetic field

« Aliquefied gas like H2, D2, N, freon etc is kept in a pressure vessel below but
close to its boiling point

« After the passage of ionising radiation, the volume of the chamber is expanded
by the fast movement of a piston during about 1us-1ms is such a was that the
boiling temp is exceeded.

« Along the ionising tracks gas bubbles are formed in the liquid, due to the heat
developed by the recombination of ions. "



5 tiles are arranged along Zin a ring 2 tray _
Length of the tray = 2.51 m along Z and
5 deg. along phi

Scintilletor Ties

Optical fibres are grouped together as a
pigtail and inserted into the grooves

Signal collected by wis fibre, but carried
by clear fibre

Optical Ccnonectors

FRUR—— - 111110

WLS Fiber Shrink Tube Clear Fiber

Ton Flastic Cover

Scintillator Tile

Clear fibre WLS fibre
Optical connector



The Preshower Silicon Detector

Rad-hard front end
electronics
(made at CERN)

Preshower silicon strip detector is

used for %y rejection in the ECAL, CMS
« Strips of 1.80 mm width with a pitch of

1.9 mm
e Area- 63mm x 63mm

Detector specifications are very stringent as they are to be
operated in a high radiation background of neutrons
(2x10*/cm?) & gamma ( 10Mrad) for a long period of ten years



95% CL limit on 6/c,,

CI\/IS results on Exclusion I|m|t
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Higgs boson mass (GeV)

Higgs boson mass (GeV)

With 95% CL Higgs is excluded from 110 - 121.5 GeV and 128 - 600 GeV

In the range 121.5 <m, < 128 GeV, observe upper limit is much higher than
expected limit = Extra events from the physics beyond the SM background

(excluding Higgs)
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Aparatus used to detect antiproton

BEVATRON * Proton-mass particles of momentum
| 1.19GeV/c incident on S2 have v/c=3=0.78
=T and has momentum resolution within 2%

+———— + Threshold vel, >0.79 for C1

* <B>=0.765 in C2, which counts particles in
narrow velocity interval 0.75<<0.78.

S1, S2 Plastic scintillator counters 2.25 in. diameter by 0.62 in. thick.

smieome | C1 Cerenkov counter of fluorochemical 0-75, (CsF160); up=1.276;
P = =1.76 g cm™3, Diameter 3 in.; thickness 2 in,
C2 Cerenkov counter of fused quartz pp=1.458; p=2.2 g cm™s,

Diameter 2.38 in.; length 2.5 in.
Q1, 02 QOuadrupole focusiﬂg magnets: Focal length 119 in.; aperture
4 in.
M1, M2 Deflecting magnets 60 in. long, Aperture 12 in, by 4 in. B==13 700
gauss.

79



Early studies for the choice of CMS detector materials and designs

TIFR/EHEP/94-12
CMS TN/94 - 238

August 31, 1994

Radiation Hardness Study of CeF3;, PbWO,; Crystals and
Heavy Glass to MeV Neutrons !

TIFR-EHEP/94-13
CMS-TN/94-240
September 8, 1994

Study of Light Collection as a Function of Shashlik Tile Size

S. Banerjee, S. Mangla, G. Mazumdar
Tata Institute of Fundamental Reseg

Neutral Pion Rejection and Position Resolution for
Gammas as a Function of Granularity for a Pb\WQO),
Crystal Calorimeter

S. Banerjee, R. Raghavan
Tata Institute of Fundamental Research. Bombay

TIFR-EHEP /9415
CMS-TN/94-291 rtu, M.Maity, G.Majumder,
December G, 1994 Moulik

Fundamental Research,
|0 005, India

TIFR-EHEP/94-17
CMS-TN/94-292
December 21, 1994

-----

MeV Neutrons and Photons

S.Banerjeé; G.Ma.jun{dér"a'r.la R.R&ghavah .
Tata Institute of Fundamental Research, Bombay

Neutral Pion Rejection, Position and Angular
Resolution for Gammas as a Function of Granularity for
' a CeF; Crystal Calorimeter

S. Banerjee, G. Majumder, K. Mazumdar, R. Raghavan
Tata Institute of Fundamental Research, Bombay




