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Preparare e capire I rivelatori

Calibrazioni & Allineamenti ma non solo
L a comprensione del rivelatore

)
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Lavoro preliminare

Cosmic Muons “Pre-Collision Physics Structures”

High energetic muons that traverse

the detector vertically | S| —

—>particular useful for alignment b
and calibration - barrel region.

e I
Beam Halo Muons (Hadrons) Beam=>—48 F
Machine induced secondary particles that
cross the detector almost horizontally — —(—
—particular useful for

alignment and calibration - endcap region.

r!'-'!'__‘rm

Beam Gas Interactions
Proton-nucleon interaction in the active detector volume (7TeV—E_,=115 GeV)
—resemble collision events but with a rather soft p; spectrum (p;<2 GeV)

All three physics structures are interesting for alignment, calibration, gain
operational experience, dead channels, debug readout, etc ...

1
Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LBF”N 3



Pre-collisions

~ 1 miliardo — 1 milione

Reconstructed
muon track

'1.“|

Il
!

. Reconstructed -
muon track

- II' mli Il

A;’ l
il

53 1{ Il

I1-5ep-2008 Run 62232 Event 83

B eam h a.l 0] Beam 2 captured

Beam splash

Cosmici

2008-2009 un lungo commissioning con muoni cosmici e dai primi fasci
* Allineamenti

« Calibrazioni
e Sincronizzazioni
« Comprensione campo magnetico

)
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Cosmico In CMS
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dE/pdx (MeV cm?/g)

HB Energy (GeV)

Energy deposited by muons

-y
(=]

Muon Momentum (GeV/c)
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Campo Magnetico In CMS

 Mappatura del campo [TrackPosP i1, .5 | et inlont

. E 39 T | 40 T ¥? [ ndf 18.4/27
effettuata in ottobre 2006 = Zhi.. °°
T |— Uniform3.9 p1 0.001532 + 0.000229
300 p2 0.01528 + 0.00023
1o~ - C RelDiffRecoSimTrackUniform3.9

- P reCISI O n e ~5X10 4 250 :— K Eent;ie:co = = orm6723
E S ¥ I ndf 29.28 /26
_ 200 — po 330.3+ 5.8
- p1 -0.02354 + 0.00022
150 — p2 0.01493 + 0.00023

m APeak=251% I

100 — —

50— =

G006 006 504 005 0 002 008 oo w001

Mnn_ M KS

Si puo verificare il valore del campo
magnetico usando ad esempio
il picco di massa dei Kg o delle J/'¥

)
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Campo Magnetico In CMS

In the Tracker Region

1Bl (T)

Measured by Field Mapper (at 2, 3, 3.5,
3.8,4T)in 2006 MTCC

TOSCA field map agrees <0.1%

NMR probes inside solenoid confirm
agreement scale < 0.1% between 2006

and 2008

In the Return Yoke

Compare tracker vs stand-alone muon

-0.15—

momentum scale;:
jma == = _|_—|—+_|_-|-‘i—|‘_|_+_|_—|-

-0.2

-stand-alone muons, momentum is over- E .

estimated by 20% 0.25- g — Cratt Data
Field model overestimated the field in the ©3 material effects |—me

. Y| | IS Y U IS I i srwrsrers Srw s e
Iron yOke. 5 10 15 20 25 30 35 4DPT4EEEVE::D
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Splash events: ECAL timing

ECAL wonderful source of synchronous hits in the whole detector
///
//’
“ Previous settings based on synchronization
splash muon/beam-halo with laser events (fiber length to reproduce
R Timing Correction L. ..
+2/c collision timing)
IP assumption in ECAL readout timing. . .
o T e Splash events allowed to time in the
| detector at 1ns level

F &

beam line

. . Z
splash direction ~¢—— Time resolution within a tower c=1ns

g %
T 0 0
gBU: %
- I 102 = =
L ) F
55,_ =z
50/ . 10}
* measured time i
:_ — expected time “
45
! 2
i 4 1F
Qo Lo E,
-100 -50 0 50 100 04 ‘ _ ]
. . detector coordinate AT [erocks]
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Allineamento: tutto si muove

| rivelatori si muovono nel tempo per effetto del campo magnetico
e delle condizioni ambientali, es. variazioni di temperatura e umidita

| E 2 | Vv m“ﬁrﬁ
BOL = B Ly
E ¢
BML %1 = o
L L [}
2 -
BIL 1 : . .
[ .
05 B f
EO B i
= i i "
Spostamenti di una delle bobine del magnete di ATLAS 0 Elhu-l" F
misurata dal sistema laser di allineamento delle camere mu o 0 p= o 0 =

hours

Procedure di allineamento: combinano sistemi ottici e tracce per seguire gli spostamenti
recuperando la risoluzione intrinseca nella misura delle traiettorie delle particelle

 Sistemi ottici (laser & LED): misura on-line, I’accuratezza e di pochi micron

» Tracce: ne servono tante, metodo non adatto a seguire movimenti “veloci” dei rivelatori

)
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Effettl disallineamento

0.015
E 0.01:— + + +
o .
E 0.005[ ++ ++
L it o |
E T T
E—U.ﬂﬂﬁ
5— -0.01:— — W COT wire alignment

E —— Corrected COT wire alignment
_0-015_.|....I....I....I....I.

=1 0.5 0 0.5 Cot E1

Fig. 3.10: Difference in E'/p for positrons and electrons
before and after a curvature correction applied to the
alignment in CDF [18]
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AlliIneamento Tracclatore

G(pT)!pT Vs, p_= 100 GeV/c

Op, )P,

& Mo Misalignment
10pb-1 Misalignment
&  100pb-1 Misalignment
1000pb-1 Misalignment .
T
i
G
A i
10-1 ket
B T e e
P i e = =
i e ke
il -
e D i -
_— =i
Ly a A R B
g ST — ——
R _e_.r—.—'—.— &
——0——|__l__'__74'__.__' e
PPN o os chin S
102
0 0.5 1 1.5 2 25
n

Pixel: 720 moduli (barile)
Si-Tracker:~15,000 moduli

Goal =10 um nei pixel

50 um nelle strisce per 10 pb-!

con eventi di collisione
Minimum bias/Jets
J/Psi, Upsilon —pu
W, Z—-pu

Esempio di studi di sistematica:
L’'impatto di vari scenari di
misallineamento del Tracker sul picco
della Z Effetto a 10 pb-1, 100 pb-1, 1 fb-1

Z->uu mass from Z->uu

e i) Mig3ligranient;  mean = 80252 RAMS = 5221
10pb-1 Misalignment; mean = 80.432. RMS = 5768

100pb-1 M ;. mean = 30472, RMS = 5404
1000pt-1 Misalignment, mean = 90489, RMS = 5328

10pb-1 Misalignment, APE not used; mean = 90.354, RMS = 7.038 J"-‘
|-I.

0.04

0.02

0.01

=

a
III|IIII|IIII|IIII|III|'|

| -

ui’ll' 75 80 85 90 95 100 105 110
GeVlc2
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Number of Tracks / 0.1 GeV/c

Number of Tracks / 0.1
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Performance Tracclatore
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Entries /

Entries / 1 MeV/c?

Performance Tracclatore
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- 900 GeV and 2.36 TeV Mean: 497.7 £ 0.1 MeV/c?{ ‘=, == 805 Oo¥ PO 8.51+0.02 Run/Event: 123596 [ 12BBE6346
C Core 5: 4.5+ 0.1 MeV/ic? | & YET t(ps) 80+ 2.1 Candidate KD Event
—  PDG K mass: Tail o2 1.1+ 0.4 MeV/c® @ « PDG: 89.53 +0.05 ps |
[ 497.614 + 0.022 MeV/c? Core fraction: 0.58 £ 0.03 CED -— CMS: 90+2.1ps
_ - -
— _1ow
800 1% "
B N 8 - '
r 12 107
600— - © . *
[ | QJ *
L 1= 4
L 1 QO - Corrected data
400 40O -
i m/m PDG 7:|:l 4) . 10_4 ] Exponential fit
200 - _ _
- i o 1 2 3 4 5. 6 7
0 1 | 111 | 111 | 1 I“;--l--l--;"I--l--l--l--;--l--l- IJ: | 111 :i 111 r_-lmlf- KS Ct (Cm}

420 440 460 480 500 520 540 560 580 Scala dl momento

nt invariant mass (MeV/c?)
CMS preliminary corretta a 0.1%

i 900 GeV and 2.36 TeV 1
C 1 5 A—— _
500 4 R _ 12 I ndf 116
- Yield: 3334 + 68 12 CMS Preliminary | Co 700
- Mean: 1116+ 0.1 MeV/ic? | = 4o, 7900V Typg) 2714195 o Y
400 — Core c: 1+ 0.3 MeVi/c? 1 2 . : L Vo
B Tail 6: 3.2+ 0.1 MeV/c? ] g ~* i \ Bri
r Core fraction: 0.15+ 0.05 1 - _‘___EF'I'IEIF‘;"
300~ 1= ; )
g PDGA mass: 1| B =1
- 1115.683+ 0.006 MeV/c> ] <
20or 1% |
L m mPD i 8 - Corrected data T
100 (o7 EwonenbiWG:263 £2ps | 2 tracce alta qualita e
C CMS: 271+20 ps .
S | | | | | 7 PS | carica opposta
180 1100 1120 1140 1160 1180 0 2 4 6 8 10 12 14 16 Vertice VO 15¢ (r$) da VP
pr (+ c.c.) invariant mass (MeV/c?) A" ct (cm)



Performance Tracclatore

10 CMS Preliminary 2010 : Data with\s = 7 TeV CMS Preliminary 2010 \/5 = 7 TeV
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dE/dx stimato dalla carica depositata negli hits del Si-tracker (readout analogico)

si puo usare per identificare le particelle a bassi valori dell’ impulso

)
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MC Normalized to Data

B-Tagging

= Validati diversi metodi di b-tagging alta efficienza/purezza
= Eccellente allineamento e performance del tracciamento

track

jet axis

sign”
X

interaction primary vertex

Kol
CMS Preliminary 2010 CMS Preliminary 2010 CMS Preliminary 2010
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» EE ECal
» @MW HCal
v EE Jets

EOeto |273) 03 21
(Bt Jien] os] 11
Ofet2 | 73] -1.3] -23
Ot | 45| 41| 30
Oets | 44| 20/ 10
OEJets | 43| -03] o4
OClsete | 42| 44| 10
Ofet7 | 38] 04| -25
OfJets | 35] -15] -15
OClseta | 29| 30| 24
OEJet 10| 25] -18] -25
OEJet 11| 15] -056| 048
OOdet12] 13| 39| -24
Ofet13] 12| 37| 20
OEJet14] 11| 07| -27

» EE Tracks
» EW Muons
» EE Electrons
» [E WYettices
» EW DT-segments

> EW CSC-segments

» EE Photons

» EE MET

» [ vertexTrackAssigr
» Em

» [ akSPF.Jets

» OO verexMerger

» OO wvertexFinder

» B[ genPardicles

B-Tagging all'opera

CMS Experiment at LHC,|CERN
Data Recorded: Sat Apr 24 08:31:20 2010 CEST
Lumi section: 795

| andidato con 2 jet da qua
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Materiale di fronte a ECAL
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CALORIMETRO EM - CLUSTER ely
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ECAL: Calibrazione

From single channel electrical signal to Ee,y
TBD

7-G><f><

absolute energy scale

amplitudes
inter-calibration constants

algorithmic corrections

(particle type, momentum, position & clustering algo)
Account for energy losses due to containment variations

THIS IS THE KEY ISSUE TO MAINTAIN PHYSICS PERFORMANCE
IN POTENTIALLY VERY PRECISE CALORIMETERS o(E)/NE ~ 2-3 %

)
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Why precision matter so much?

Response to monochromatic + H — yy bad resolution

source of energy E J H — yy good

/ resolution

Perfect
good

1.8
1.6
1.4
1.2

Eckground

mW

Signal = constant

0.8
0.6
0.4
0.2

o

T Calorimeter si1g°héll * integrated B oc G, —
c(calo) defines the energy SIB o 1/ N oyy
resolution for energy E. ... but ¢, = f(ccalo)

)
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Calibration before LHC Start Up

A very intense 10 years long pre-calibration campaign. Several orders of
magnitude in energy: from 1 MeV of Co® source to 120 GeV electron beam.

Laboratory Test Beam:

measurements Cern electron

during crystal beams.

gualification

phase. From 15 GeV

(2000-2006) to 250 GeV.
(2004-2007)

Channel Beam Splash:
intercalibration In September 2008
with cosmic and November 2009,
muons (only beam was circulated
Barrel SMs) in LHC, stopped in
collimators 150m
(2006-2007) away from CMS

Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LBFMN 24



Calibration @ Start Up

Problem: delay in crystals delivery, can not expose all ECAL on Test Beam

» Test Beam at Cern (50 GeV)

10 Supermodules on electron beam
(intercalibration accuracy ~0.3%)

» Cosmics Calibration (20 MeV)
36 SMs (~1.4-2.2%)

* Light Yield Measurements (LAB Co0% 1 MeV)

36 SMs (~4.5-6.0%)

Combination strategy:

Select best calibration available
Combine when comparable g,

L2000k

precision from two sources

Energy scale set at Test Beam
with electrons of known energy
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Inhomogeneity at the construction:

1800F
1600F
1400F
1200F
1000f

80of

crystal 250
F

F crystal 270

number of crystals

-
|y

$25 (ADC)

VAT P PRI L 2 i YA 0 O s d
00 1200 1300 1400 1500 1600

11.2% due to xI different Light Yield
pre-calibration precision of 0.3%-2.2%

Entries 61200

)
INFN

C T 1
60005— Mean 1
i RMS  0.1116
5000[ =
4000f— —
30005— Ci —
2000 —
000k BARREL -
- START UP 1
e N E—

Calibration Constant
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Calibration in Situ (use physics)

Intercalibration precision goal is 0.5%. Main contribution to the constant term
of energy resolution (all the others minimized!).

= Several methods to calibrate In-situ:

« @-symmetry calibration: invariance around the beam axis of energy flow in
minimum bias events. Intercalibrate crystals at the same pseudorapidity,
other methods are needed to intercalibrate regions at different
pseudorapidity. |]m—

= 19 and n calibration: mass constraint on photon energy,
use unconverted y’'s reconstructed in 3x3 matrices of crystals.

= High energy electron from W and Z decays (E/p with single electrons and
Invariant mass with double electrons). High luminosity required. Helpful at
the startup only for energy scale. Testing also J/y.

)
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Calibration studies: W—ev

A fully functional Tracker is assumed
Method minimizes difference btw P4y
and Egcp, -

The main difficulty is the

: Eﬁﬁﬁﬂ EH B
P // /"“/// \"‘//}// /// 3

calibration accuracy (%)

Bremsstrahlung in the tracker material 2 I
in front of the ECAL § 3
Event selection aimed at rejecting I
events with high Bremsstrahlung & 250
o [ ;
s of
4 s
- © -
35 01.5:— -
= 1=
25 E
2E 050
1f_ Q§ 10 1 HLTe\fentS-l[g]er Crystal
0 IOIZ‘ | I0.|4I | ‘0[6‘ | IOIB‘ . 'll - ‘1[2‘ | |1.|4‘ depends on Tl
pseudorapidity /7
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ANEEAN W

7t° calibration

f“"’_’f //,.—-"“’:‘
| ] L1 i iSti
,,EAL pegiszglt High Statistics Reco of low energy vy
T = il // . . . .
.ﬁ;él%- = p= x| by xI inter-calibration High energy y overlap
" - - ) ] .
= <) Energy scale calibration Sizeable background
LA T
' 7‘%:—@,«:%_\\_451‘ _
- A Calibrated photon energy
-
Di-photon invariant mass n® mass peak at right position
m_=./2E,E,(l—cos.9) n
Minimum peak spread
10> CMS Preliminary Data \s=7 TeV 3 — =
> 400?‘-'|""|""\"'y‘|""\""E > gsof".).,,.FM?'.R'?!'W'P?F",M.QETTT?Y
- o ] o L i
g 350 M = 133.82 + 0.02 MeV — g : M = 134.98 + 0.03 MeV
S 3000 0=10.6% E S 200 c=10.4% -
o - ] : L ]
~ S/B_, =0.81 ; 2 S/B_, =0.69 i
E 250 +eo ] 7)) B R
= E - % 150 i
O 200F = o r ]
< C ] c . ]
g 1o o g g 1o S §
o - ] < ]
100 5 - o i
ol DATA E 50F MC :
;ltlllllltl|IIII{MIIJIIIMI‘JILI[; :L||ll|||L||||J|||JJI|]}JI[}}]E
Bos 01 015 02 o025 03 035 §o5 01 015 02 025 03 035
V Invariant Mass of Photon Pairs [GeV] noz - IN

Invariant Mass of Photon Pairs [GeV]
C
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Combine available methods

By combining methods
the inter calibration
precision reach 0.5%

In the region with less
material in front.

Of course this precision
will improve with time
(collected statistics).
But remember,
monitoring the variation
of the crystal’s response
IS essential
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CMS Preliminary - ECAL Barrel
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The effect of the resolution

If light, it will take a while...

Relative Higgs mass resolution
versus mis-calibration.

— _I I | LI : LU : LI : LI : LI : LI : LI : LI : 1 I !_
| .
> |
Q - 5:
9 of 1
od - —
515
5 [ 3
O - -
7] - .
L 1 i
7)) i ]
4 5
cd - i
=05 i
V)] - .
[@)] o i
ko) i
I | ! ! ! ! | ! | ! |
0 Ll I_"I_"I_I I L1l I L1 1| I || I _I_I_I Il | L1 I_ 1 I L1 1| | L1 11 i_l._l Ll I

0 05 1 15 2 25 3 35 4 45
mis—calibration (%)

nggs Boson Mass Resolutlon

1400 -] I == l- P
L No fmis—cefllibrati(fnn H ) y/y .
12004 \ -
10000
i ; l l After final calibration
! ! corrections
soof
‘Barrel ;.
4% mis— calibratjon‘ | Llw H
ogo|No corrections . (T4 ]
| _I_Ll ot

100 105 110 115 120 15 130 135 140
Higgs Mass (GeV)

On paper resolution on y y invariant mass:
CMS 0.7 GeV

-
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Spettro massa invariante e+e-

E:J: E I | I I T 1 | I I I I I T 1 | I E
sl YL vaess -
o F S
D i Z ]
£10° ¢ =
@ = =
b - N
10° =
10 & e*e” widths: =
~ CMS Preliminary 2010 J/¥Y 52 MeV -
1 Vs=7Tev,L =35pb* oMY /’ﬂﬁ" —~
: | ] | ] L1 1 | | ] ] | ] L1 1 | mﬂ_ﬁ

1 1C 10°

ete” mass (GeV/c?)
R
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Jets

We are not going to measure single hadrons...

Contribution from

e Physics:
e Parton shower & fragmentation
e Underlying events

e |nitial State Radiation & Final State
Radiation

e Pileup form minimum bias events
e Detector:

e Resolution

e Granularity
e Clustering:

e Qut of “cone” energy losses

Use physics events to understand jet energy reconstruction:

v/ Z(— ) +jet, W — jet jet, ...

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

w8

=
it

FH

“calorimeter jet
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“parton jet” “particle jet”
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JETS

CMS Experiment at LHC, CERN
Run 133450 Event 16358963
Lumi section: 285 -'*'

Sat Apr 17 2010, 12:25:05 CEST

Jet1 p;: 253 GeV
Jet2 pr: 244 GeV
Dijet Mass : 764 GeV

E{(GeV)
80

Jet 1

Jets are reconstructed with the anti-k; R=0.7 algorithm
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JETS: USE CALORIMETERS

L2200F s pretiminary 20100+ pam |
%UOU;_ \IS ?TEV |:|.Jll"ﬂLI|EItIOI"| _: :::. EI TTT I TTTT | TTTT | T TTT | TTT |LL| TT .| |.| TTT | T TT IE
Hhgoor o> 25 Gev E g E CMS mi?af 2010 7
1600 M0Vl . a8 " D [j;t;l:_:- 2: GeV
1400F C 0L e
1200 CaloJet : E § _'““g;{; =2
1000 . i [ simulaticn
8001 E B _
6005 - j: _
400F E - | .
200F = - “ J‘ ’ -
005 1 15 2 55 B 107F U
A ¢d| jet E -
:l T |(‘|\'h“1\8| |p|r|e|"|n'|“|rla|r\y: |2{}|1|{}| T | TTTT | T |.| T |[|);t|a| | TTTT | TTT |_ i
1200— \s=7Te [ simulation = -2 il 1|
: (,eu:;s\éev : 10%5500"500 300 400 500 600 700 80
1000 . m,, x[GeV]
- CaloJet '
800 ]
600 ] eCalorimeter Jets
4008 g Inputs: Calorimeter Towers
200 .
E «E_tower thresholds
0"5 1015 20 253035 40 45 %0

number of jet constituents )
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Particle Flow

Use the best system you have to measure all particles in the event

Identification and reconstruction of:
ey * charged hadrons (~ 65%E;,)

=Y un ’

2\ Event 6613074 e gt - neutral hadrons (~ 20% E,))

PRet 1
415 belh * photons (~ 15% E)

Cluster single particles in Jets

PRets with (uncorrected pr > 20 GeV/e M ]
Particle inside the jet: C S

- Charged hadrons ® h | g h B
e « excellent TK

\\ - Nevtral hadrons

Particles outside the jet: ° g ranu | al EC A |_
- Charged hadrons
- Photons

pr 21.8 GeV/e - Nevtral hadrons

e >3 Jet algorithm: Anti-Kt 5 Strong improvement
Multijet @ 2.36 TeV in JET/MET resolution
Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma  INEN 35
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PF: combine detectors

— ECAL
— = HCAL
------- TRACKER

—
e o~
 —— .
— e -

— |

Villa Gualino 10/11-05-2011

M. Diemoz - INFN Roma

H102 10°
E (GeV)

CALORIMETERS IMPROVE
THEIR PRECISION WITH
ENERGY ON THE CONTRARY
OF TRACKING DEVICES.

TO USE THIS FITURE YOU
MUST BE ABLE TO ASSOCIATE
A TRACK TO THE RIGHT
CLUSTER AND TO
SEPARATE CLUSTERS OF
DEPOSITED ENERGY IN A
DENSE ENVIRONMENT LIKE
A JET.

-
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Particle Flow.vs.CALO JETS

| CMS Preliminary |

Jet Response

0.2

0

-0.2

0.4F

-0.6

0.8

.....| == Particle-Flow Jets

= Calo-Jets

Jet resolution: profits of Tracker
excellent momentum resolution,
The benefit is lost for very high

energy Jets.

D<ml<15

-1

400

500 600
P; (GeVlic)

Jet response: (pf© — pi"f“)/_pfg[e“

About 65% of Jet Energy measured
with tracks. No invisible energy and

no energy dependent electromagnetic

fraction in the hadron shower.
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0.4
0.35

L

o
(X!

\

0.25

o
X

0.15

Jet-Energy Resolution

o
-

0.05
0

—H— Corrected Calo-Jets

—i— Particle-Flow Jets
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Particle Flow.vs.CALO JETS

WJs=7 TeV, L=35.9 pb'

CMS preliminary 2010  \Js=7 TeV, L=35.9 pb’
T T T T T T

CMS preliminary 2010
1 1

E ol systematicuncertaity ~ Calodets total systematic uncertainty PFlets
= ———— MC truth (c-term added) (Anti-k R=0.5) ——— MC truth {c-term added) (Anti-k_ R=0.5)
E 03F e 0<m<05 | [ et 0<m<05
E —s— data —=— data
S 1L _
Q.
L0021+ - b _
0.1 BN — 7 i
e — R S S
0 | 1 | 11 | | | | 1 | 1 1 1 | 1 1 1 | | | | | | | 1 1|
20 100 200 20 100 200
p_[GeV] p. [GeV]

Measure jet response and jet pt resolution balancing 2jet events or y+jet
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Equalizzazione dei Jet

o
=
=

YT T : o

= | : 3, "o E

© 03K 4 Raw Jets % . &5 0.16F o Raw Jets 3

g ¢ i ] = 0.14F =

£ 02F| « Corrected %%c] . .50125_ : » Corrected| 1

T % : 5 g

c - . © 0.1F n] -

@ 0'1__ +|1;| i 0 . O

@ f ¢ ‘Jﬁ * i 2 0.08f . .

§_ DEF + #%+++ﬁl+ ly || § S 0.06[ : -~

2 O T TR T T go%s:

E _ lhi&-‘i' +++ . i 0.041 —

3 0T v I ] 0.02F -

@ C ] r

- _|||||||||||||||||||||||||||||||||||||||||::|]|||||||_ OT"I ' ' Lo
005 1 15 2 25 3 35 4 45 5 102 T

Probe Jet | Dijet Py [GeV]
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We can quickly equalize at “ low Et” and then we
run out of statistics

In a few days reach an absolute calibration at ~5% with
jet — gamma balancing

‘In both cases need MC to extrapolate to high energy

jets
-~ 7]
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MET: un indicatore di nuova fisical

Missing Energy searches only after
you have understood the detector

Measuring Missing Energy is an experimental challenge because
all “anomalies” in the measured event will contribute to the missing

energy tail.

Unfortunately the “experimental” anomalies are more frequent than
the “phySiCS” anOma“eS ' CMS Experiment at the LHC, CERN

Data recorded: 2009-Dec-11 23:26:16.323226 GMT
Run 2402
E

ve
Lumi section 16
Orbit: 15
Crossing

Sorgenti primarie di MET:
Bakground dal fascio
*Cosmici

*Problemi nel rivelatore

Villa Gualino 10/11-05-2011 M. Diemoz - INFN Roma LEFMN
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Number of events

ECAL DEPOSITI ANOMALI

20000
i CMS 2010 Prellmlnary
- (a) \s=7 TeV

15000| b
- —4— Data t
T

10000} -

5000}

02 04
Topological variable (1-E4/E1)

N PR —
0.6 0.8 1 1.2

% o'l CMS 2010 Preliminary
> & LE )
w H N
10°E [ Jme
104:_ —— Data
Data, 1-E4/E1<0.95
10° B (ET>3GeV)
102 . ECAL Barrel
10
d3
10.1I_II|III|II III|II|III|III|IIIIII
2 4 6 10 12 14 16 18 20

energy (GeV)

75 keV in APD
equivalgono a

~ 5 GeV di energia
nel cristallo

; Crystal

(1 )/
;Yo

topologica

Deposito energetico diretto nella regione
di amplificazione dellAPD. Neutroni, protoni...
Accende 1 solo cristallo, si elimina su base

E4/E1

-
iemoz - INFN Roma | INEN
C
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Missing E+ (MET) & Detector

%107|||| UL UL III\‘IIII‘IIII‘\III L Firststep to measure MET:

o CMS —— Before cleaning understand what is going on in

S 10 M ——— After ECAL noise cleaning your detector!

‘UE) 0 — After HF noise cleaning Beam background, cosmics,

0  AfterHB+HE nolse fitering various kind of noise some of

Ww 10 which not really expected.

B 3

— P

8 10 % 10 MET includes cells with Ex0 (no CH)

£ o No correction

3 102 .. | Badruns were removed

pd 10“ |:| MNoisy events were removed
10 [ ] Badcellsitowers were removed

Run Il
V. Shary CALOR04

0 50 100 150 200 250 300 350 400
Calo F; [GeV]

]

no cleaning

10° | after
cleaning

CLEAN YOUR DATA

0 50 100 150 200

Missing ET, GeV

)
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Missing E; (MET): the performance

1
-50 -40 -30 -20 -10 O

-::E:.: [GeV]

=]

CMS Preliminary 2010
s =7TeV

. Simulation

—=— data

II‘ J.—IIHIH‘ III\HHl IIIIHHl

10 20 30 40 50
Pf Ex,y [GeV]

- CMS Preliminary 2009 '_ ' ! !
o Fit: 45%VZ E;
af
2F

1: ;'ﬁ * 000-GeV data

?ﬁ = Simulation
0502030205060 7080 "%0

XE, [GeV]

MUCH BETTER THAN WHAT EXPECTED

30
E -~ typet calo, (Data) (@)
G | — typet calog, (MC) Ovy
“hogl- T type2 calok, (Data) CMS
W | — type2 calof, (MC)
S | g, (Data)
§ [ — 6, (MC)
8 "~ piE, (Data)
8 [ — kMo
° 15
101
SC \Js=7TeV b
B CMS preliminary 2010 r
_|I|||I|I|I|I|||I|I|I|I|I|I|I|I|I|I|I|I
DO 50 100 150 200 250 300 350 400
Calibrated pfzE, (GeV)
=
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Capiamo Il rivelatore?

CMS 36pb'at Vs=7TeV
| lumi. uncerliiinty: 4% | |
oxB (W) —— 0.987+0.009,,, £0.051
GxB(W') — ] 0.982+0.009 , +0.049,
oxB (W) —— 0.993+0.010,,, £0.056
oxB(Z) —o— 1.003+0.010,,, +0.047,
Ruz HoH 0.981+0.010,,, +0.016,
R.. i 0.990+0.011,,, £0.037
06 08 1 12 14
Ratio (CMS/Theory)

Villa Gualino 10/11-05-2011

o x B (nb)

10

107

N\

CMS, 36. pb™, 2010
CDF Run i

Theory: FEWZ and MSTWO08 NNLO PDFs

W v

W Ty
Wy

Z-1T

Produzione di W e Z

M. Diemoz - INFN Roma
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Capiamo Il rivelatore?

CMS prellmmary

- ™
> 36pbT at\VE=7TeV |
2150_- Z — TT — UThae 7
= |
a L i
S 100 e data -
Ll=j I ] Z—

I B ewksti

i B Qcp

50 - —
I yields from fit 7
00 50 100 150 200

Visible Mass [GeV]
CMS prellmmary

—~ 50 —
E : 36 pb' at Vs =7 TeV
o 4l Z—>1r—>ep
: -
[72]
E * data
Ll:j ] Z—
B Ewk+ti
B aco
[ yields from fit ]
0- F .-
0 50 100 150 200

e-u Invariant Mass [GeV]
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Events / (10 GeV)

Events / (10 GeV)

8

CMS prehmmary
L

T _S‘L T

36pb aN' 7 Tev
* Z — TT —> ETpag

e data
[] Z—=
B Ewk+t
B QcD

yields from fit j

50

100 150 20
Visible Mass [GeV]

CMS prehmmary

10°
107

10 ¢

36pb a1\I_ ?Tev
Z—>T1T—>pp

data

] Z-=
B 2y =
B QcD

yields from fit

50
u-u Invariant Mass [GeV]

100 150 200
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—TT

CMS preliminary

NMLO, FEWZ+MSTWOa [PDF4LHC 68% CL] (60-120 GeV)

36pb” at Vs=7TeV

: Z — Tt (combined)
I—I—O—I—I € + Thad
I—|—-—|——| W + Thad
H—-—H n+pn
H—-—H e+u
Io{ Z— ee, uu

lurmi. uncertainty {=4%) not shawn

)
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1 1.5 2
o(pp — ZX) x BR(Z — 1) [nb]
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