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Outline

ACMS @ LHC: motivazioni generali

A sistemi tracciantsi

A calorimetri

Al commissioning e le performances

)
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Standard Model Dopo LEP

20 Mi | | 0
10 F _
%
1 E
qF Vers>oss
10
= F
© I
-2
10 F
e 1989-2000 LEP Run
10 F
g— m,-114 GeV
-4 e'e” = HZ — qqqq
10 F

% qqqq %

L3

Z0Ss

e'e” — e'e hadrons
Ww.‘:’ 5 GeV

e'e — y/Z— qq(y)

1989-->2000

Total Luminosity: 1000 pb-?

Courtesy of G. Rolandi

80 100 120 140 160 180 200<AfeWH|ggses’?>

Energy: 88 -

209.2 GeV
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Global Fit allo SM

Internal.Consistency of the Standard Model?

Measurament Fit dDmm—DmI:‘amm
- 3 . Pull distribution = Normal Gaussian?
m, [GeV] 91.1875+00021 91.1875 | INPUT 5
[, [GeV] 24952 +0.0023  2.4957 Z 51/ Mean:022°028 | .
ol ,Inb] 41540 +0037  41.477 3 1| Sigma: 1.1° 0.4
R, 20767 +0.025 20744 ?5 RN
Al 0.01714 +0.00095 0.01645 E ]
A(P) 0.1485 +0.0032  0.1481 E ]
R, 0.21829 + 0.00066 0.21588 o 3 g X
R, 0.1721 £0.0030 0.1722 ] '
Ag’ 0.0992 +0.0016  0.1038 S —
Als 0.0707 +0.0035  0.0742 ] :
A, 0.923 +0.020 0.935
A, 0.670 +0.027 0ssg | IN] 0 1 B B .
A,(SLD) 0.1513 £0.0021  0.1481
sin®e . (Q,) 0.2324 £00012  0.2314 s
m,, [GeV]  80.398 +0.025 80.374 Pull
[y [GeV] 2.140 + 0.060 2.091
m, [GeV] 1709 +1.8 171.3 Largest discrepancy (-2.9s) well inside

statistical expectation;

92 probabilliyy=-883. Just fine.
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La misura indiretta della massa del top

1988
1990 4 l."'l._ = : -
1552 -+ T ! =y I !—il
i Inferred — %=
e oy .
| L measurements
. 1996 + =
E T ..melr.u El.l.rpig x
{998 u ppcolliders limit e =
1 e*e- colliders lim
2000 1 COF Runi
| u D0 Rl
g Furd World Average .—||_—rH
BT o DORun? result
i COF Run best measurement
2004 + | B

Eunﬁrpeisuimrinairy;?f IE‘u"n. fits I[ L‘iEﬂ tnia '1=‘EIEEES}Ii§1ig:[n::ir'm:I hép—lpﬁi}%ﬁ%"[}iﬁalﬁ?: %)

my,, prediction from EW fit verified,
has been an impressive result!

)
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Hi ggs di etr o

Il Modello Standard gode di ottima salute:

6 _ m,_imj*l=144GeV
5oL I _ SM Global Fit (misure di
5 Ao = | precisione LEP, Tevatron,
_3-3275?3-233?2 e altri esperimenti):
1 == 0.02749A0. : y
4 - -+ incl. low Q° data Jf ¢ - m, < 193 GeV (95% CL)
> g Limite diretto LEP:
) ] my> 114.4 GeV (95% CL)
1 ) LA |
0 | EXC,IUd,ed . ..};?“. A Prelilminary_
30 100 300

M (GEV) " MANCA UN PEZZO CRUCIALE!

)
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Misura di Mtop & Mw

Misure precise da LEP200 & Tevatron

Mw = M,° + C, + C, IN(Myji46%)

Inputs:
805 | &g, Agm(M5?), M,

200
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Misura di Mtop & Mw

Mass of the Top Quark (*Preliminary)

July 2008
T

{ — LEP2 and Tevatron (prel.)
8054 — LEP1 and SLD

_ -
COF-1 di-l . 167.4+10.3+4.9
DOl di-| 1684123+ 3.6
. . ——
COF-Il i 171.2+27=29
‘DO-Nl di-l 1744+32=21
. —r—
CDF-1 14] 176.1= 51+ 5.3
D1 14§
| 180.1+ 3.9+ 36
. , &
COF-Il 14 ) | 1722+ 1.0+1.3
DO-lla I+ R 171.5=215=1.5
DO-lIby 14§ 1 13_1} +1.3=17
COF-1allj 186.0+10.0+ 5.7
. , i
COF-Il allj 176.9+26=33
‘COF-Il vk 175.3 6.2 3.0
“Tavatron July'08
1724=0.07 L9
w'idof = 6.0/11.0(81%)
| | | | | |
150 160 170 180 190 200
M., (GeVic™)
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Correzioni radiative & SUSY

Additional guantum corrections from SUSY partners

experimental errors 68% CL.:

LEP2/Tevatron 2005
- L EP2/Tevatron prel. 2008

80.70

80.60

— — LEP1/SLD
>
@ 80.50
S,
=
=
80.40
80.3 —
SM i
MSSME i
80.20 both models & ]
| | | IHeinemeyer, ‘]N'eiglein ‘06 :

160 165 170 175 180 185 190
m, [GeV]

)
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LHC: new energy fronteer

LHC alla caccia di segnali rari!

Villa Gualino 10/11-05-2011

AA spanne:
un fattore 2in s equivalead 1'm™b
un fattore ~10 in luminosita

AEnergia limitata dal raggios 4 ,,

dell 6anel |l o esi st
s
e
ALHC deve operare ad alta =

luminosita: 1 nb

luminosita finale di
disegno: 1034 cm-=s-t

AAlta frequenza eventi
AGrande fondo QCD

Fermilab
CEHT l LHC
T I [ I
S 1ot E710 ot 17
L
]
B b
{107
] 011 cor Tl 1111
LAy ]
/" 1 10°
£"go 25 | ]
1] "B0.25 TeV
ﬁ[w—h‘ﬁb'}\\—ﬁitiipﬁ} -+ _
10
LIA1/2
(==
(".Fggr'ﬁg = SO0 Ge'V)
o, CDF/DO -1
_ e mmp=1?dl:31a 10
bop: I
N
my, = 100 Ge\)
(s} -3
m_.=1 TeV — 10
s Higgos
My = S00 Gef —
| | | |
0.001 .01 0.1 1.0 10 100
= Tew
M. bDiemoz - INFN Roma | INEN 10
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L a luminosita

ALa sezione doéburto dei proces:
assai piccole (~pb = 1036 cm?)

ASe si vuole osservare un numero ragionevole di eventi in
un anno (1y=10’ s) assumendo una qualche efficienza di
rivelazione (e =10%)

_ N/ € _1000/0.1

L —— =10 cm 57!
10} 10°s10 “cm

q s q

S — p— Jet

Vd '\
Ma é
q > a: q —_— Jet
)
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L HC una NnNfabb

Frequenza di produzione di eventi a luminosita 1034 cm-2s!

Processo o Eventi/s | Eventi/ | Altre macchine

anno | (Stat. totale)
QCD jets 100 nb 100 10° 107
pr > 260 GeV
W—ev 15 nb 15 108 104 LEP/107 Tev.
Z—ee 15nb 15 107 107 LEP
+t 800 pb 0.8 107 10* Tevatron
bb 500 ub 10° 1012 108 Belle/BaBar
gg (m=1Tev) | 1pb 0.001 104
H(m-08Tev) | 1pb 0.001 104

oy
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LHC @ CERN

7x10'2eV beam energy
10%*cm-2s-1 luminosity
2835 bunch/beam
104 protons/bunch

15-m long
“" LHC cryodipole

; / /4 “
Magnetic Field
p (TeV) = 0.3 B(T) R(km)
For p=7 TeV, R=4.3 km
= = = a B=84T

= = N, =s.fL
, 2 ev ev
;g‘;.{ Beam crossing 10 7 Hz

.q.'i .
Proton collisions 10 ¢ Hz ‘ Measurement of:

P P mass
M Parton collisions l . charge
4 + ’ 2 spin
New particle production 0.1 Hz ‘“/0 production cross section
8 Higgs, SUSY ... u-
decay modes
vilia ouadllliv LU/ L1-Vo-4VU.llL IVI. ICIHTHIUZ = 1TINTIN N\VUlIlIliIa mewm sy 13



Gl | Esperi ment |

n G

LHC PROJECT . UNDERGROUND WORKS
Point4  |pu. iy

Point 6

CERN

S e

LHC - B
q.*?olnl 8

Point 2
=

Point 7

1 Existing Structures

| HC Project Structures
ST-CEAJLB-him

18/04/2003

ATLAS A Toroidal LHC ApparatuS (general purpose)
CMS Compact Muon Solenoid (general purpose)

)
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LHC EXPERIMENTAL CONDITIONS

Max Machine Luminosity 1034 cm2 s-2
Sinet =100 mb - 10° events/s
Shiggs = 1 pb - 10-2 events/s Life is not so easy!
1 crossing/25ns
20 events/crossing - 1000 tracks

Neutrons: up to 1017 n/cm? |
Gammas: up to 107 Gy * Z> in 10 years

Unprecedented conditions for detectors

AGranularity (105 - 107 channels)
ASpeed of response (25-50 ns)

MADAQ + trigger (10°- 102 ev/s)

Adigh radiation resistance

. . . ) (* 1 Gy = 1 Joule/Kqg)
Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LBF”N 15



La particella guida: Bosone di Higgs

Gli stati finali completamente adronici

dominano ma sono inutilizzabili a
causa del fondo di QCD.

Cercare stati finali con leptoni e fotoni

Isolati (nonostante statisticamente
sfavoriti)

Villa Gualino 10/11-05-2011

1072

10-3

A. Djouadi, J.Kalinowski, M. Spira
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Regioni di massa

Low My, < 140 GeV/c? Medium 130<M;;<500 GeV/c? High M,;; > ~500 GeV/c?

jet jet
Zyr
P H P

- ) =
?
E+
‘_,_,..--""II .
&
¥
5000 F s . =
2 2 | H=2Z2Z —
7000 | Y = 5
&O00 H ! o
- , % 3
K000 § ]
w
4000 E} !
= w L Y -
foo 200 GO0 1000 1400 1600
|'Ill. -
good e-m energy good p ID and mom oo0d dijet mass resol.
resolution resolution in a wide en ranee  fine seementation in had. calo.
- - - /j
Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma  INFN



Richieste sul rivelatore

A Buonarisoluzione elettromagnetica (Jh|<2.5)
U < 1% sulla massa invariante di 2 elettroni a 100 GeV/c?
U Ricostruzione del vertice primario e/o misura direzione ¢
U Reiezione di p°
A Buona identificazione e risoluzione per mu (Jh|<2.5)
U < 1% sulla massa invariante di 2 muoni a 100 GeV/c?
U Riconoscimento della carica fino a >1 TeV/c
A Buonarisoluzione in eneria mancante E;™'s% e massa
Invariante di sistemi a due jet
U Calorimetria adronica estesa fino a |h|~5
U Segmentazione laterale Dhx D f < 0.1 x0.1

A Buona capacita di tracciatura nel rivelatore centrale
U B et tagging (rivelatori a pixel)

)
Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LBF”N
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Collisioni pp at 14 TeV at 1034 cm=?st

20 min bias events

overlap +
H- ZZ
Z- mm

Reconstructed tracks
with pt > 25 GeV

H- 4 muons:
t he ¢l eane
signature

)
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Compact Muon Solenoid

vacuum chamber

central detector

electromagnetic
calorimeter

hadronic
" calorimeter

! —
=

T |

4T solenoid, muon =

chambers in return .
yoke. Good muon
momentum measurement
needs central tracker

Detector characteristics

Width: 22m
Diameter: 15m
Weight:  14'500t

viliada 'Sudilliv LU/ 1L1-UO0-£ZU.ll IVI. DICITNUZ = TNFIN RUITIaA vy

)
L/R(JMA

e A



La Misura Chiave

A THE issue: measure momenta of charged particles (e.g.
muons),; so which measur ement

A Basic goal: measure 1 TeV muons with 10% resolution

A Reminder: in a constant magnetic field B over trajectory
length L, for N measurement points and spatial resolution
S per point

_ 0.3BL?
S
X 8pT

9y,

s(R)e [ 720 . _py
P N+4~ 0.3BL2

i Need high BL?and/or small s

)
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Choice of magnet : CMS

CMS: SC Solenoid (azimuthal angle bending)
B=4T over 1.2m + 2T over 3m : Needs s=100mm

J Uses 20mm beam spot redundancy
J Only one magnet

K Solenoid Y measures Pt

(and becomes worse in P as

polar angle increases)

KlroncoreY domi nated by mul ti
scattering; but excellent when

combined with inner tracker CMS Calorimetry
INSIDE SOLENOID

CALORIMETER
. B=4T

RETURMN YOKE
B=-18T

u
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Il magnete di CMS

Parameter

TTITETy I
pe

Solenoid

Inner diameter

Outer diameter

Axial length

Number of coils
Number of turns per coil

Conductor size (mm?)

Current

Stored energy

Villa Gualino 10/11-05-2011

Sc cable

5.9m
6.5 m

1
2168 |
64 % 22 LT

2l s 1l
AR .,IJ.' ( '
O 1A L

19.5 kA

oo

{ & i!l.‘q I

AL
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CMS |1 MAGNET SYSTEM

E/M (kd/kg)

12.0

10.0

8.0

6.0

4.0

2.0

0.0

|

L1 ‘ L1 \ Lol ‘ | ‘ | ‘ L1

ATLAS

‘ T T ‘ T

ALEP
CDF
H1
mCLEO2 %

OPAZ wm DE
m VENUS

N
m
C
LI}

\\\‘\\A—” T

ATLASE

-sol.

LPHI

:nd-caps

ATLAS Barrel

10 100

Stored Energy (MJ)

1000

"Solenoid composed by 5 modules
i(CB-Z, CB-1, CBO G







Detectors for CMS

The choice of the magnet influences the rest

of detector design, in particular CMS (should

be compacte) made a challl
electromagnetic calorimetry and tracking.

om m Im am
Key:
Muaon
Electron
Charged Hadron (e.q. Pion)
— — — - Neutral Hadron (e.g. Neutron)
====- Photon
L)
«i
1153
i
Superconducting :“*
Calorimeter Solenoid [
Iron return yoke interspersed ?
Transverse sl with Muon chambers 3
through CM5 =
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Densita di Tracce

' ' .

Y, ,..\?"
‘ ""‘"\lu..,,,- a
Lanes 7N
A - W A<
Densita di tracce per unita di rapidita a distanza r dal vertice a
~ 30/ r?
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Sistemi per Muoni

The muon chambers are installed at r > 4 m and are shielded by the
calorimeters. Here the pileup is not an issue and the constraint on the
response time is relaxed. Gas detectors can be used to cover the
large surfaces needed for muon detection.

While these detectors integrates many bunch crossings they must be
capable to identify the bunch crossing of each particle that they track.

)
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Sistemi per Muoni

o8 Trasverse view

ME/Z/4/4
5 wheels in 300 ( (I)) c. M. S. movement with field on: 0.5 cm, distributed
the Barrel - e Compact Muon Solenoid ¢~ E Feldoit E | ¢
sectors Longitudinal View ! g 2 2 ! g
\| MB/2/2/4 e o - J
7490 m—— n=11 n=1 | [n=05 | |

— T7.380m

6.955 m

/{3%"_
LI 1 =1.479
4

1 | ™

[ mEns ]

B = =

A A
I

ch
a4 8
3 3

ME/2/2

NEHE BN 2 o @f @

wwwww

B (AN o

o D NN

—2950m 5ge4m

ME/2/1

= —1811m

—1.200m 1185 m

b\ S B .
v =531 | | | T | SBN
‘ ‘ 0) =T I ; r; ——=—%— 0.00m
. | e . ser
3 - X EE E[ee E E E EE E EE|l E ¢
w 3 - ul‘-’ wn wn 3 o g n
& 2, Ny ?f Towards ' 3@ & ¢ 1& § g3 & g
& Z+ Center of LHC -t - il o =5
—a k Field off
movement with fieldon: 1em All dimensions are indicated with field off
o CME « PARAS 002 = 141067 PP ighr

CMS identifica e traccia i muoni nel ferro di ritorno del campo magnetico
di 4 Tesla. Questo fornisce una prima misura della sagitta che viene poi

rifinita usando | dassociazione dell a n
tracciante interno.

)
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Muon Tracking Systems

Drift Tubes DTs
-Coverage n| < 1.2 250 camere DTs
-Number of chambers 250 468 camere CSCs
-Number of channels 172,000 012 camere RPCs
-Function Precision mv:asurementl triggering |
Cathode Strip Chambers 2800
-Coverage 1.2<n <24 S DrifiTubes
-Number of chambers 468 700 ég R ]
—Numt.hcr of channels SOD,F[.D o E — )
-Function Precision measurement : ]
Resistive Plate [triggering o —— :
[ | 1
Chambers =
-Coverage In| <2.1 “ ;— g_ ;
-Number of chambers 912 300 I i — h
-Number of channels ;
-Function Triggering 200 | —— ]
100 [ @L .
: =
0 ! ! ! | ! ! | ! ! ! | L ! ! | ! !

. R
0 200 400 600 800 1000 1200
- - - - - _Z(cm)
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Camere DT

///

/ ///// /

/ JRON YOKE

chamb
i

’/ f avi==
a0
«/ i

f

7] RPC

Su perLayer "

Risoluzione spaziale:
Singola cella ~200 mm
Camera ~ 100 mm

2250 -
'R MB1 2,3 = 8 ¢-layers Tn comam O e
1500 = pMean
+ 4 0-layers 2 som
0
«MB4 =38 ¢-layers =
) 0320 330 340 350 360 370 380 390 400

MT2 ns
N Roma LBF”N ve



Risoluzione iIn momento

— resolution (%)
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Risoluzione In funzione di h

;7

)

o
no
&)

b) CMS
e p =100 GeV ! !
mp,1000GeV. i _. P ]

-
no

resolution (%
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RPC SYSTEM

Gas mixture

95.5 C2H2F4
ionizing 3.5iC4H10
particle 0.3 SFe

— + RH 50%

"-* — f  Main Unit of a RPC:
- Single Gap (SG)

Gasgap ¢ Electron Resistive
multiplication plates

Two SG coupled with
readout plane in between

Main characteristics of the RPCs
used in CMS:

Makelite thickness: 2 mm

MBakelite bulk resistivity : Readout Strips —o e rs

2-6 101°Wem g — b

AGas Gap width: 2 mm | Bakel.lte

ﬁope.[atin voltage: 9.2-9.8 kV Graphite Coating oy
Villa Gualino 10711-05-2011
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RPC SYSTEM

Amuon identification
Amuon transverse momentum assignment
Avery good timing (25 ns / bunch crossing)

A Bunch crossing assignment

Alow sensitivity to neutron and gamma
A irradiation (up to 1 Gy)

Aexpected maximum hit rate: ~100 Hz/cm?

Chamber Requirements

Efficiency

Efficiency > 95 %
Time resolution < 3 ns

Cluster size < 2 strips

Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LBF”N
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