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Jet physics

After discoveries (LHC) =» precision physics = lepton machine

The Higgs scenario: § 5' N
. . . N — E
main production mechanisms G .0
|U6

High energy = WW fusion

Low energy = Higgs-Strahlung __Jett

— Wiz Jet2
H \ §é Jet3 1

mz_........'.......
= Jet phySiCS 0 200 400 600 800 1000

Build a detector with excellent jet energy resolution Vs (GeV)
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Jet physics (continue)
No Higgs scenario: LEP-like detector:
*WW scattering violates unitarity at ~1.2TeV, or | =&l AE . = 50%/ JE

new forces show up /

>

Misj4

ILC design goal

saccess EWSB mechanism from WW scattering
«analyze ee>WWvv and ee>ZZvv channels Seaeses
*no kinematic fit possible due to the neutrinos O R

> Worse jet energy resolution (60%/VE) is
equivalent to a loss of ~40% luminosity
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Jet energy resolution at LHC

| ﬁfﬁfﬁﬁl
CMS ATLAS - -
Ring 0 Ring 1 Ring 2 Numbers on rays are n values
4 —_—GaL o [Plugtile calorimeter| 06 0.8 10 45
Iron Iron support Ird:r
MAGNET CRYOSTAT and COIL [ ol
1.4
3

1.6

Gap scintillator [ 18

Cryostat scintillator

HCAL-HB

Radius [m]

Distance [m]
5 cm brass / 3.7 cm scint. 14 mm iron / 3 mm scint.
Embedded fibres, HPD readout sci. fibres, read out by phototubes
Expected jet resolution: Jet resolution with weighting:
o 125% 5.6 GeV o 60%

® 3%

— - N P 3.3%

E JE JE

Stochastic term for hadrons only: ~93% and 42% respectively
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Calorimeter for Particle Flow

jet energy resolution is worse than or at most as good as hadron resolution
=>for the precision physics planned for the next machines we need more

Next = how to improve jet energy resolution to match the requirement of the
new physics expected in the next 30-50 years

= Need to “get rid of” fluctuations

Two approaches:

- minimize the influence of the calorimeter
=» use combination of all detectors

- measure the shower components in each event
=>» access the source of fluctuations

Erika Garutti - calorimetry |l 5/44



The first idea: Energy flow N0

Idea (early 90ies):

« Combine energy measurement from the calorimeter with the momentum
measurement from the tracking

» To not double count the energy: energy deposited in the calorimeter by
the tracks has to be masked

* First algorithms developed by Aleph: clean e+/e- environment
« Algorithms also developed by H1 for inclusive measurements,
successfully adapted by CDF:

- extrapolate track to the inner surface of the calorimeter and apply a
cone or a cylindrical mask to the calorimeter cells behind the track

- maximize between the energy in the mask and the track
momentum
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Energy flow history

First observation of quark Jets

UA1, UA2 @ SppS, CERN
JADE @ PETRA collider, DESY

Traditional Jet measurement:
use the calorimeter alone
- example of CDF life event

Discovery of new physics requires higher resolution

First application of Energy Flow Algorithm
ALEPH detector searching for Higgs [ 1 990 }

&,2

Use tracker information to improve jet energy resolution

Limits on

Higgs coupling D Particle Flow Algorlthms>

Q 20 40 0
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Does the method work ?

Test on existing detectors

Photon + Jet Py Balancing in CDF Data

ALEPH, CDF, ZEUS, ...

iy
o]

I

- Significantly improved resolution

Jet Energy Resolution (%)
[R¥]

<

YES ! But that is not enough ...

03]

—
la]]
!

| CDF Preliminary

@ Typical CDF Jet Resolution tsing
Calorimetry only

A New CDF Jet Algorithm Using Tracking
Calorimetry and Shower Mux Detectors

o/Pr =83 %/VP,

a/Py = 64 % /P,

20

Goal of the Linear Collider

Design a detector optimized for

Particle Flow application
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Particle Flow paradigm

=» reconstruct every particle in the event
up to ~100 GeV Tracker is superior to calorimeter 2
use tracker to reconstruct e ,u ,h (<65%> of E;; ) v L

AE/p (GeV)
=

use for v reconstruction (<25%>) _

(ECAL+) HCAL for h° reconstruction (<10%>) ! A
HCAL E resolution still dominates Ejet resolution 10 'io_l- L e e
But much improved resolution (only 10% of E;.; in HCAL) Energieflmpuls (Ge)

T — ———I"I -:
i —
ced = .
M Panare , . -:
_M @v\ - E{fﬁg@.
Ejer= Eeca ¥ Encal Eser= Errack t E-‘y +E,
PFLOW calorimetry = Highly granular detectors

+ Sophisticated reconstruction software
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Particle flow calorimetry

Hardware:
* Need to be able to resolve energy deposits from different particles

== Highly granular detectors (as studied in CALICE)

P . -.'
; EE gi' .
Software:

* Need to be able to identify energy deposits from each individual particle !
== Sophisticated reconstruction software

o R

e = v

u e N '==',:i§.~.
g .

*x Particle Flow Calorimetry = HARDWARE + SOFTWARE

—

o
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Particle Flow @ LHC
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CMS

-100
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s

- 0—||I|I|I|I|||I|I|I|I|||I|I|I|I
20{,-250 -200 -150 -100 -50 0

X [em]
1) Leverage High Precision Tracking
2) And High Resolution ECAL EM-Showers
3) Match and Discard Charged Hadron

Showers Replacing with Track Momentum

L |

Match track to hlgh
granularity ECAL

(Courtesy of P. Janot)
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-2.45; <B4
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27F $E2
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~ Match to lower M
®23%[ Granularity HCAL
= 24f KoL
2.450
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2881 i 5 Hi1
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27F
oéé”bl'r”b"lré”bla”cieé 08 095 1 105
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PFlow improvements at CMS

[ CMS Preliminary | | GMS Preliminary |
s OSSR Jet Improvements ¢ 12— Rasponse Linearity
g 04 \ —E5— Cortected Cao s §_ S R N SO SR S S——
8 05; e Pariee ot 8 EF""-: _i.-‘pn DO SO |_ S __‘i'
3 ozs s r Also, improves Jet Angle
S oot X °¢  and Reco Turn-on Eff.
ul 0155 e C 5 5 —i— Default Correet]
- JdaEw b W 0.4 : : ault Correction
E 0.1 ; L“Hh-?" ‘ENK" E i i i W
oF L 0:|||||
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MET Improvements  [cusereiminary|
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Summary of PFlow concept

Particle flow is a concept to improve the jet energy resolution of a HEP detector
It is based on:

proper detector design (high granular calorimeter!!!)

+ sophisticated reconstruction software

PFlow techniques have been shown to improve jet E resolution in existing
detectors, but the full benefit can only be seen on the future generation of
PFlow designed detectors

=>» push to ultimately small single calorimeter cells:
~ 5x5 mm? — 50x50 um? for ECAL
~ 1cm? for HCAL

=>» Develop new techniques
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Analog .vs. Digital

photon analysis hadron analysis

Ehoc_'JN.

1

Ey;t‘le.

ECAL: Analog readout required HCAL.: either Analog or Digital readout

&Gamma nhits vs Energy Number of Hits Il KLong HAD nhits vs Energy

3000 I Neutron HAD nhits vs eneray

Number of Hits 2,800 B Pion HAD aHits vs Energy

500 T 200l : —

450 7T 2A00T

a0+ 200 e
2000 Ll

30T w0 S

ot S ool A

250+ Wir o0 A

e o 1200+ N SR

200T S 1000+ e

1507 Ty : . a0t

ool st Non-linear behavior o0} A

s01- for dense showers .l Slope = 23 hits/GeV
2001

or— i i i I i i f . : : : : : .
0 5 10 15 20 25 30 ? 0 20 40 $0 80 100 120 140
Gamma Energy (GeV) Particle Energy (GeV)
Calorimeter cell size 1x1cm?
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Analog HCAL with high granularity

T e T T e T

A calorimeter for the ILC detector =» ILD one of the two proposed concebis o

Mechanics:

challenging design with no spacers
=» validated

plates flathess below 1mm

=» solved at low cost with roller
leveling technique

* No spacer between layers in the wedge

* minimize dead material between wedges
* minimize gap between barrel and end-cap
=» integrated readout electronics
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Sandwich structure of steel/scint.
Compact design with minimum dead
material + integrated electronics

* “no” gap in z in the barrel

* 10cm gap between barrel and endcap

Tile size optimized with Particle Flow
= 3x3 cm?

Tile thickness 3mm for ILD design
Light yield ~10 — 11 p.e. / MIP
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Architecture design ()
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_ PCB board back side:
_ e reflector foil layer

‘.ff.;f « scintillator tiles fixed
by alignment pins

P—
3
4
L

 Front End electronics integrated in active layer
* made of interconnected cassettes (36x36 cm)

» power and calibration modules at barrel edge
 2.2m long communication lines in the layer
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Architecture design (Il)

PCB board with 4 SPIROC chips
connected to 144 scintillator tiles
with SiPM readout

wd 9¢

 Front End electronics integrated in active layer
* made of interconnected cassettes (36x36 cm)

» power and calibration modules at barrel edge
 2.2m long communication lines in the layer
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The SPIROC chip
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SPIROC layout (CALICE chip for Analog HCAL readout)

Specific chip for SiPM:
* input DAC for bias adjustment

Designed to work at ILC:
* power pulsing mode

« 25 uW /ch

* internal ADC / TDC

* auto-trigger mode

* time stamp (~1ns)

Bandgap Dual DAC Output: multiplexed / digitized signals

designed by Omega group LAL (Orsay)
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Layer design

I T T g T T A g P e e g T T g g g

Reflector Foile glg:ﬁ% ;)nnnector Electronics height: 17mm max
Cassette cross-section: o | UVLED \ GRS N\ messanine cards
« each calo layer 18 mm including Fe N Brax
« 3 mm scintillator tiles :
« one SMD-LED mounted on each tile
« flex-lead connection between boards .
Tile with SiPM (P:i_lnE:gd g-ifg?t"ggg:fd) Cooling Pipgas S/e . BOttomCFi;::il Interface Board

(Steel)

Connection to the detector interface electronics at the end of the HCAL barrel

Left Central HBU

354,92, 86.5 Right .
HBU | (inner detector) (150, 93.92) I‘Lﬂ {210 93.02) ( ) HE%U U Itra-th 18]
508,89 | o g6 \ e | e
= . Fs ey AT LE Low power consumption
g il 2] 1120 - e 5k |~ S : i
9| £ o T = MECTRA ™ ;1 2z High concentration/data
o 3 m l:lu.[ i 5)-@— oq | (180.764) uses’r‘ g 3@ .
(]
o : |5 0 PSR, 108 Jor2—2_ reduction
(10.31, 34)
to DAQ (1031 341 72 m3["Central Inte
(LDA = M3 ) Board
POWER o o - 2301 [ 34 1 @
“?i”;rf,ﬁ,f“ . o : CALIB o |b POWER o E{m' m
0.6.E" 521 >4 gy AR
! 7 360

Erika Garutti - calorimetry Il 21/44



LED monitoring system(s)

‘ !
LR W P

System task: SiPM gain calibration via single photoelectron peak spectra (41-2 b.e.)'
long term stability via response @ medium light (~20-100 p.e.)
measure SiPM saturation level (~2000 p.e.)

Two technological solutions:

Light distributed by notched fibres Light directly on tile by SMD-LED
- distributed LED
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LED monitoring system(s)

System task: SiPM gain calibration via single photoelectron peak spectra (~1-2 'pl)..e.)'
long term stability via response @ medium light (~20-100 p.e.)
measure SiPM saturation level (~2000 p.e.)

Two technological solutions:

Light distributed by notched fibres Light directly on tile by SMD-LED
: - distributed LED

180

CH32

ml= 222.93+0.34 -
m2= 249.42+0.23
m3 = 275.57+0.21 _
md = 302.13+0.24 -
mS = 328.5240.31

160 |-

150
140 +

120 |

100 ¢ 100

80 -
60 r

50
40 |

20

0

200 300 400 500 600 700 I

ADC

Both systems commissioned =» SiPM gain calibration achievable
Next step = reduce spread in light intensity between channels
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The Digital HCAL: super-high granularity

i J ".-(q'f T

e e e e mi mE e LR LmE mu mh mE miE GmE e mh e mtE S e mE e mE SmE ma Rt e miE M ma m mE miE e i man mE min e ma i e miE e mu Lma e mn me man e mu ma

Basic technique for the active media:
- lonization-gas chambers with charge amplification Gas Electron Multiplier foil
(RPC, GEM, MicroMegas)

- digital readout on pads 1x1cm?

- integrated electronics inside active layer
- high level of data concentration (~0.5 M channels / m3) | &

Y.Giomataris, Ph. Rebourgeard, ].P Robert and G. Charpak
NIM A376 (1996) 29

Drift electrode / ~800V

5
=
P E 4
o
g " ¢ | ~1kVem
Q
E__ . Micromesh ~500V
@ 3
§ 18_ Strips or pads T ~40 kV/cm
E. —————————————
L8

IONISING i N

PARTICLE 227 ; ; 3

| v Pillars: 400u &, 100u height
o Amplifier Ampl. gap 25-150uym — narrow avalanches
Sirip read-out excellent spatial and time resolution
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Resistive Plate Chamber readout

Chamber Construction:

Front-End PCB \ Communication Link
N . "
| | |

Conductive Epoxy Glue — < >

S ——— ==

Signal pads \ ’_‘

Mylar —

Resistive paint

8.6 mm

1.2mm gas gap

Fishing line spacers

1.15 mm glass

Resistive paint
Mylar —

Aluminum foil —_—

(Not to Scale)

Avalanche mode:
Typical induced charge of
0.1—10 pC/mip with rising time ~10 ns
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Chambers — 3 per plane

Gas
Inlet

Digital HCAL with RPC readout

Gas Plane Construction

7 « A plane consists of 3
iIndependent chambers

HV
Square Meter Plane

(3) 32 cm X 96 cm chambers

Erika Garutti - calorimetry |l
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Digital HCAL with RPC readout

Power
Serial Communication Link Data
-1 per Front-End Bd Concentrator Asic
FrontEnd PCB \ \M Communication L
———
[ || |
Cenductive Epoxy Glue g ¢ 'I
D Pad Board — —L_ ——— | | \’:q|| p:"| ’\:q|| ’i“ \’:ﬁ| |
Signal pads
e~ R

1.2mm gas gap —_

Fizhing line spacers —

Resistive paint —

/

Front End Board
with DCAL Chips
& Integrated DCON

/

Chambers — 3 per plane
O O O O O OopgOo O o o o O

O
O
O
O
O
O
O
O
O
O
O
O

[

Front End Board

Square Meter Plane . i _
(2) 32 cm X 48 cm Front End Boards per Chamber (24) 64-Ch Chips / Bd
1536 Channels / Bd
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Digital HCAL with RPC readout

Pad Boards
* Glued to Front End Board using Conductive Epoxy
« Gluing done after Front End Board assembly and check out
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Digital HCAL with RPC readout

T e T T e T

Square meter plane mounted on cassette
using prototype Front End Boards
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Digital HCAL with RPC readout

Data Collectors — Need 10
Data

VME Interface ) My, O;')ti'()'ﬁal‘ .
— —
Power gl [ gi0j0i@l 0O Oe— GPSIN
| | \L : o ] =
(e (=={} — = 010 Trig In
0 O 0 O 0 Data 0y0)yo|o
Concentrator R 0 L0l o[
0D oo o|loo o ofo o oo D sl dHE I 00 waster
0 — i 00 oo T™
o |0 0o 0Dojo oo ojo o000 0 E N0l oo
c ToPC —{f] EEZ \ N ] H H
© 0 0O O 0|0 0o 0o OopgOo O O 0O -
—_— Iy 0
Q— —_— —
. |op oo ojop oo ojo o oD o
Q Front End Board Tsmn:)? Mvs_(;u:.e
o O O O O|0O O O OofpgO O 0O 0O with DCAL Chips -Double Widt
™ & Integrated DCON SLAVE 6U VME Crate -- 16 Outputs
| 0 0O O 0|0 0o 0o OopgOo O O 0O TTM
(7))
e oo oo)jo oo ogd oooaDo < Data Collectors — Need 10
Q VME Interface
o] 0 0O O 0|0 0o 0o OopgOo O O 0O —
£ 0| ojolo
O0f0
© 0 0O O 0|0 0o 0o OopgOo O O 0O ° g0l
= 0/of0
O |o oo o|looo ofjo o o 0O 0/0 H
0O OO0 0|0 o0 o ofjo o 0O 0O ﬁ:
0O 0 O0OOo|ooooofjo o oo ] g
0 O
ToPC ]
O m] O 1] 00—+
O O=(} u = 0 o
Serial Communication Link
-1 per Front-End Bd 6U VME Crate

Square Meter Plane , , _
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Digital HCAL first data: 16/10/10 -

(LY

first ever realized 1mé prototype of Digital HCAL with Resistive Plate Chamber
readout operational at Fermilab MTBF since this weekend!!

f The first multi
num et e tracks from muons
CALICE—collaberation - recorded

'

T
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Semidigital RPCs

Biggest challenge: integrate electronics 1 cm? readout pads
In 6mm PCB =» special chip design « 3 mm of Ar/iC,H,, : 95/5
ASIC - HARDROC (Q LAL) o « Analog readout prototypes for
’ Sg\rf]vreGrShSII(sji% masks, optimized characterization (GASSIPLEX
POWET pu'sing | chips), 6x16, 12x32 cm?
 controlled in a fully automatic way .
using a robotic system used for CMS * Digital readout prototypes
trackers with embedded electronics

(HARDROC/DIRAC chips),
8x32, 32x48 cm?

2 X 48 ASICs = 3072 channels

= 1/3 m?

SRR R
Eryoo s e v
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Efficiency and hit multiplicity ‘

| Efficiency Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6) \ | Multiplicity Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6 \

00 - e 3 _ 28— i

5 - = Graphite RPC (IHEP Protvino}
| 26— i

---------------------------- - ~ Graphite RPC {IHEP Protvino}
80 = 1
: 24- !
= ' 1

g ) 5 22— Licron RPC {IPN Lyon) : 4
> 80 S L, StatGuard RPC {IPN Lyon)
§ Gralpt'lite RPC (IHEP Protvino) = 1
- _ ]
g Graphite RRC (HEP Protving ERE i
A S S s '
- Licr:on RPC (IPN Lyon) LS // i
- | = 1
20— ——— StatGuard RPC (IPN Lyon) 4 T = Ry A e
: i 12— [
_ ! = 1
o L ! ¥ L Ll Ll 1 J § - l 1 K:T\ L I L1 | L 1 :— 1 L L J L L L I 1 ﬂ:.\. 1 1 { L 1 L L I
6.2 6.4 6.6 6.8 7 12 (74 ) 16 7.8 8 6.8 7 d 7.4 7.6 7.8 8
Hight Voltage (kV) Hight Voltage (kV)

Using muon signal as MIP + tracking

Plateau: 7.2 — 8 kV — Efficiency between 80 and 98%

RPC Event

= Lower multiplicity is preferred

=» Best ratio multiplicity/efficiency: around 7.4 kV
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Different gas amplification method:
GEMs or Micromegas

T e T T e T

Fe55 Source Signal

Advantages:

*Low working voltage (~400V) | > T
Proportional mode operation i P
-Standard gas mixtures (Ar+CO.,,

80%+20%)

*Robust (up to 102 part/mm? without
performance degradation)

*High rate capability

*modified chip design to accommodate
for smaller signals (> ~20 fC)

-2100 V
3 mm
AV ~400 V
1 mm 2 mm steel
oooopoooooomoEn AV ~400 V EI i e iSaTIOR 3 mn gos
1 mm Front-end ASIC
ov % 3 mm gas, 1 cm2 pads, thickness < 8mm
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Analog .vs. Digital

photon analysis

E7¢_>_:Nl.

ECAL: Analog readout required

&Gamma nhits vs Energy

Number of Hits

500 T
A50 T
400+
/o7
3007
2507
2007

sot i .
- gune . Non-linear behavior

L@ - - for dense showers

5 10 15 20 25 30
Gamma Energy (GeV)

Number of Hits

2200

1200

I KL.ong HAD nhits vs Enargy
Il Neutron HAD nhits vs energy
Wl Pion HAD nHits vs Energy

Calorimeter cell size 1x1cm?

Erika Garutti - calorimetry |l

| | | |
60 80 100 120 140
Particle Energy (GeV)
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Highest granularity ECAL

EdMainWindow

CALICE:

Si-W with analog readout ©
30 layers W-Si

1 cm? Si-PADs (next version with
0.5x0.5 cm? Si-PADs)
~10000 channels

=>» Imaging calorimeter!!

Courtesy of G. Geyken
P> Eorward| mun: 300364 Event 1920

14 layers, 2.1 mm thick
70 boards made in Korea
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Structure 2.8 Structure 1.4
(2x1.4Amm of W plates) (1.4mm of W plates)

Structure 4.2
(3=x1L.4mm of W plates)

Metal inserts  Jl1i4
(interface) -

ACTIVE ZONE
(18x18 cm?)

Shiefding PCB

Front End
a| electronics zone

S am LmE omE mE mr ma mE R e Sma e mE mE e e ma e mE e mae e ma ma

‘ Silicon wafer ‘

Erika Garutti - calorimetry I

30 layers of Tungsten:

* 10x1.4mm (0.4 X,)
*10x 2.8 mm (0.8 X,)
*10x4.2 mm (1.2 X,)
» 24 X, total, 1 A

% integrated in detector housing
= Compact and self-supporting detector

design

6x6 PIN Diode Matrix
Resistivity: 5kQ2cm - 80 (e/hole pairs)/um

i

62 mm

Thickness:
525um

Total: 9720 Pixels/Channels 2
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Experimental Setup

Particle Distance~ 5 cm
Zoom into Ecal = No Confusion !!!

Two electrons

(Start of) Hadronic Showers in the SiW Ecal . .
Imaging calorimeter

Complex and Impressive Simple but Nice
— 18 - —~ 18
@
s @
CALICE E 1o " £
. c 30 = Scattered Pion
Sl'W ECAL g 14 .g 14
]
o
data -2 25 =12
2 5
7 0 L 420 B 10
g Initial Pion | o
T 8 T 8
= 15 > [
6 Interaction 6F
10 - Ejected Nucleon
4 . 4
Outgoing i
2 Fragments JiM5 2F
O s e 25 30 0 G0 s 20 25 30 0

z direction (layer number) z direction (layer number)

Inelastic Reaction in SiW Ecal Nucleon Ejection in SiW Ecal ~ 38/44



High granularity scintillator ECAL

/ I MPC RO with WLSF

” Elementary Components
—7 ... (Scintillator-Strip & Photo-Sensor)

1 smedsmmeim

MPC RAD with WLSF M Ppc
. ALl \I

Scintillator strip

| position dependence 6-1|

+ MPG R/Q with WLSF

4 mm

particles

Multi-Pixel
Wavelength Photon Counter '] =
Shifting Fiber (MPPC) R o

(YI1iImm¢) 45x1x0.2cm
|

Strip response (ADC counts)

! q' J.
Plastic scintillator strip wk
by extrusion technique T )

Position along
the strip (cm)
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3,}: & e The technical prototype to establish the
’\q’o)g\'b sl || ScECAL feasibility.
M 145« Sandwich structure with scintillator-strips

(3 mm) and tungsten layers (3.5 mm).
* Extruded scintillator and the MPPC are

- | (R

o S fully adopted.

H/ i8] * Strips are orthogonal in alternate layers.
18 cm : » 72 strips x 30 layers = 21-6_30 channels.

LUV DAY -
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Digital ECAL

Next R&D steps:

‘ « Swap ~0.5x0.5 cm? analog readout Si pads with

smaller pixels readout digitally
i « “Small” = at most one particle/pixel
Ny Y P « 1-bit ADC/pixel, i.e. Digital !
L. _
: NWELL SUB  NMOS f PMOS  WELL
DIODE  CONN  TRANSISTOR TRANSISTOR CONN

o, @ W W/ ve ©
How small should a pixel be? t \Na‘é omEL
« EM shower core density at 500GeV is ~100/mm? N Lw
* Pixels must be<100x100um? . l_b““\\/‘\_: O

m

« Baseline: 50x50um? i |

- Gives ~1012 pixels for ECAL JEnary o
a “Tera-pixel calorimeter”

« Mandatory to integrate electronics on sensor Monolithic Active Pixel

=2>MAPS (Monolithic Active Pixel Sensors) Sensors

- developed for vertex detectors
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Digital ECAL technology

The technology: MAPS (Monolithic Active Pixel Sensors)
- A standard CMOS product developed for vertex detectors

 Potentially significant price advantage over high resistivity Si diodes
* Tests of sensor prototypes at CERN in ‘09: 8.4 x 8.4 mm? sensitive area

8.2 million transistors

[ 28224 pixels; 50x50
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Pixel Occupancy

MAPS concept requires binary readout...
=» need at most 1 hit per pixel or else lose information

Si-W ECAL, 100GeV electrons MAPS ECAL, 100GeV electrons

5D ECAL barrel pixel occupation SiD ECAL endcap pixel occupation MAPS ECAL barrel pixel accupation MAPS ECAL endcap pixel occupation
g Entries : 728188 Entries : 529 5 Entries : 4944882 _ Entries : 409
%10 Mean : 26405 | 30T Mean: 23629 x10 Mean: 10846 | 450 Mean: 1.0929
40T Ris : 2.2285 {‘ Rms: 2.0834 5.0 Rimns : 044300 Rms : 0.56480
' Out 0f Range : 147032 300+ Out Of Range : 11 ' Out 0fRange ; 2883 400
45T
35T 350
250 40T
30T 4
E 340
e o 200__ 3.0__ 250__
20T barrel uls LET 2004
150 endcap i barrel
Ly el 150+
1001 15+
Lo 1001
o LoT
0.0 0 | i 0.0 T 1 0
] 5 10 0 5 10 ] 5 10

Select optimal pixel pitch from simulation studies
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Summary on Particle Flow

PFLOW is a proposed technique to improve jet energy resolution at collider k)
experiments

=> 1t is based on extremely high granularity calorimeters to allow single shower
separation in a dense jet environment

=> It requires development of new technologies

=» push to ultimately small single calorimeter cells:
~ 5x5 mm? — 50x50 um? for ECAL
~ 1cm? for HCAL

- Analog and digital readout solution discussed
- all based on sampling calorimeters
=>» not optimized for ultimate energy resolution performance !

Tomorrow lecture: the ultimate hadronic energy resolution
the fight against fluctuations
& calorimeters without colliders
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