Linear Colliders: ILC

Lecture at CORFU 2010

Ties Behnke, DESY

@ Linear Colliders: the physics case, a reminder

@ Linear Colliders: accelerator issues for ILC (other technologies (CLIC): see
earlier lecture)

@ Linear Colliders: Detectors
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LHC - ILC

LHC has just started to deliver data: expect first significant results at the

end of the current run end of 2011
2010/08/30 10.23

LHC 2010 RUN (3.5 TeV/beam)

=

Why talk about a new facility
like e+e- collider at this time?

delivered integrated luminosity (pb™)

LHC Lumi delivered to experiments . ,
100 125 150 175 200 225

Ties Behnke, DESY day of year 2010

* ALICE : low pile-up since 01.07.2010




Status of Standard Model

Global electroweak fit: status of the Standard Model, indirect Higgs limit
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Status of Standard Model

Global electroweak fit: status of the Standard Model, indirect Higgs limit
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Low mass Higgs seems favored by datal
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Collider Types

Hadron Collider (pp) Lepton Collider (e+e-)

Composite particles collide Point-like particles collide
E(CM) <« 2 E(beam) E(CM) ~ 2 E(beam)

Strong interaction in initial state Well defined initial state
Superposition with spectator jets Clear final state
LHC: /s =7-14 TeV ILC: /s =500 GeV -1 TeV
Fraction of energy available for hard Nearly full energy of collision will be
scattering available for analysis
Small fraction of events analysed Most events in detector analysed
Multiple triggers No hardware trigger, very open system
No polarisation applicable Polarisation of initial beams possible
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Hadron - Lepton

| | | |
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Mass reach for New Physics

PROCESS LHC SLHC DLHC VLHC | VLHC ILC CLIC
4 TeV |14 TeV P8 TeV |40 TeV (200 TeV [0.8TeV b TeV
00 fb'  JO0O fb' 100 fb-' (100 fb-' |100 fb-" |500 fb' 1D00 fb-!

—Squarms 25 3 4 5 26 84 25
W W, 20 46 4.50 IL; 18¢ 6o 0o
L 5 6 8 11 35 8t 30t
Extra-dim (5=2) | 9 12 15 25 65 5-8.5t  B0-55t
q* 6.5 75 9.5 13 75 0.8 5
Acompositeness |30 40 40 20 100 100 400
TGC (1) $.0014 pO006  10.0008 0.0003 |0.0004 (.00008

T indirect reach
(from precision measurements)

A.de Roeck: LHC2FC workshop
CERN, 2009
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Physics goals at the LC

Discovery of New Physics
® Large potential for direct searches
® Large potential for indirect searches (via precision)
@ Complementary to the LHC

Unraveling the structure of New Physics
* Precise determination of the structure and dynamics of NP
* Distinction between models through model independent precise
measurements

High precision measurements
@ Test of the SM with unprecedented precision
@ Find even small hints of NP through precision measurements

Discovery of new phenomena via high energy and high precision
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Higgs at the ILC

Determination of mass and width of the Higgs:
most favorable (light Higgs) ee->Z->ZH

ZH-> puX
+ ¢ Data
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Clear signals in many channels:
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Linear Colliders
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Beyond a Discovery

H'995 in WW fusion @ complete test of our understanding of mass
".'e A06 -® I+ _4» f:;:rm;ted[}ata_:
s fj - Bz + can the Higgs explain the Z/W-mass?
= __ E_::__ - Background __ . . .
g | sJrUr ek is the existence of the Higgs enough?
e 52 | s =
200 $ ; ﬂﬂfi*
_ m'**jﬁ ¥ - + can the Higgs explain the mass of the
100 t R .
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Physics Challenges

Coupling-Mass Relation

2 4 t
: H .
% = 7 Explore the complete Higgs Sector,
o W=7 including Higgs self coupling
g ,,
5 O.1p
|
s L7 ] @ Multi Jets in the final state
© '  need excellent jet-energy resolution to
[ get decent measurement

Mass (GeV)
ACFA LC Study

"Fully” explore the physics at the Terascale, establish the models and mechanisms I
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Physics Challenges

Coupling-Mass Relation

2 4 t

c : H .

S 7 Explore the complete Higgs Sector,

o W=7 including Higgs self coupling

g ,,

5 O.1p

% b The ultimate Higgs physics plot

s L7 ] @ Multi Jets in the final state

© '  need excellent jet-energy resolution to
T T R TV R get decent measurement

Mass (GeV)
ACFA LC Study

"Fully” explore the physics at the Terascale, establish the models and mechanisms I
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Higgs Properties

Measurement of Higgs Spin (threshold scan)

1 Study of CP properties
of a Higgs candidate
1510
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Beyond the SM: SUSY Signals

IF SUSY states are within the kinematic reach

Excellent reconstruction of the states and their properties
(complete reconstruction possible, absolute measurements)
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SUSY Masses

P. Beck_ﬁrle, Fittino code
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Fraction of Dark Matter Density

Dark Matter at the ILC

Dark Matter Mass from Supersymmetry (GeV)
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I I
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Linear Colliders
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This was only a very limited selection of topics:
See e.g. the reference design report for the ILC (www.linearcollider.org)

Or the letter of intent of the ILD detector (www.ilcild.org)
for much more detail.

International
Large
Detector

Letter of Intent

How do we realise such a machine?
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http://www.linearcollider.org/
http://www.ilcild.org/

High Energy Lepton Collider

tot

o S [
E_ 180 GeV | 500 GeV | 2 TeV
I 27km | 200km | 3200 km
AE | 15GeV | 12Gev | 240 Gev
€ 2 billion | 15 billion | , 239

billion!

Table by James Jones
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Super- HYPER-
LEP-II LEP LEP
E_ 180 GeV | 500 GeV | 2 TeV
L 27 km 200 km | 3200 km
AE 1.5GeV | 12GeV | 240 GeV
. . 240
*Emt 2 billion | 15 billion | £~

Table by James Jones

*  The next e+e- collider will be

High Energy Lepton Collider

linear: "LEP 1000
2 TeV in Center-of-Mass
u €LC"’ E Diameter == 900 km

Linear Collider at 50 MeV,/m
Length = 40 km ———

a -l- s E;':d.J .';a'“
Figure by Gregory
Loew

Linear Colliders
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Luminosity Wish

Luminosity - energy

as much as possible of course... example: SM Higgs production
' ! | I , o= 20 fb
olete” — Higgs) [fb] 74— O(1%) measurement needs
100 ¢

Huyp - E O(10000) events:
; need approx. 500 /fb

assume 5 years running,
< 500 days in 5 years

10 E

L~1X10"em s~

800 GeV "

V3 =350 " 500",

1 1 | =
100 200 300 400 200 600 700

Ties Behnke, DESY Linear Colliders 21




The Luminosity Issue

Collider luminosity (cm?s!) is approximately given by:

where:

n, = bunches / train

N = particles per bunch n sz

. _ b rep
f., = repetition frequency L= H D
A = beam cross-section at IP 4 O-xo-y

H, = beam-beam enhancement factor

Taking power into account:

. nRFHbeamPRFNZ

L=
4o, o, Eqy

H
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Luminosity Issues: storage ring
vs LC

LEP £, =44 kHz

rep
2
= few-100 Hz _ nbN f
(power limited)

LC f,

rep

factor ~400 in L already lost!

Must push very hard on beam cross-section at collision:

LEP: 0,0, = 130%6 pum?

LC: 0,0, = (200-500)%(3-5) nm?

factor of 10¢ gain!
Needed to obtain high luminosity of a few 1034 cm-2s

Single pass machine (LC): can afford to push beam size
problem: beams destroy themselves
Ties Behnke, DESY Linear Colliders 23




Beam Beam Interactions

Simulation of two LC bunches as they meet each other

W, MM

-&0 ’.fﬁ-f | | | ] i ]
-800 -600 -400 -200 1] 200 400 GO0 ann
Z, micron
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Beamstrahlung

E
Energy loss from BS: 3, 5 ,~0.86 er, (Eem
o

typical numbers: 3-10%

LARGE luminosity: make beams SMALL optimum is flat beams
SMALL beamstrahlung: make beams LARGE 500 nm

S

A X

25

5 nm
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International Linear Collider

= superconducting acceleration
= 315 MeV/m, 1.3 GHz

= mature design (c.f. XFEL)

= 500 GeV (- 1TeV)

= Luminosity: 2 x 103 cm? s

technology is at hand
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Global Design Effort

Labs labs labs
ANL D&ﬂﬁ BARC
SaolEy
BML CERN IHEF
JLAB CHNRS KEE
LAML STFC Daresubry Lab. BRCAT
LEMNL 252: Teinghua Univ.
LML {:SI VECC
SLAC
= INFM
TRILUMF JINR Universities/Institutes
LAL-Orzay Hirashima Lniv.
Universities/Institutes Bsl KL
Colorado Univ. . ) Nagoya Univ.
Comell Universities/Institutes PAL
FaL Abertay Univ. Lanoastar Univ.
SL Berin HU LAPP-Annacy LA
lowa Univ. Sirmingham Univ. Legnarc Tohoku Univ.
MSU Cambridge Univ. Liverpool Univ. Tokyo Uniy.
Motre Dame Univ. Dundas Univ. Manchsstar Liniv. Univ. Delhi
Durham Mannhzim
IFIC Cicfiord Ui,
I=4] RHLUL
[F-Crzay Rostook
|PEP Durham
Krakow
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LC technologies

At the core of the matter: cavities, acceleration power

e— Bunch Cloud

Typical scale: RF wavelength

Warm machine (NLC, CLIC) Cold Machine (ILC):

v ® tens of GHz => A=O(1)cm v & 0(1) 6Hz => A=0(10)cm

— s=52N/mm?
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ILC Cavities

Acceleration gradient goal:

= 35 MV/min 9-cell cavities
with production yield >80%

= 50 MV/m have been reached with
single cavities

= Mass production reliability is the
key problem

" ILC goal: 32.5 MV/m

1

25 {XFEL ]
20
"
ol
;.
0 10 20 30 40 T . s e . s e

Accelerating Gradient (MV/m) Module Number

O, 10"

Operational Gradient [MV/m]

‘ M7 nraliminary ‘
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Cavity Quality (Q value)

Superconducting cavity: Q>101°

A church bell (300 Hz) with
Q=5 x 10°would ring - once
excited - longer than one year!

Ties Behnke, DESY Linear Colliders

30



Cavity treatment

= Electropolishing as major advance in surface preparation

= Industreialisationcal polishing electrolytic polishing
is the key issue

-1.80E-1

Iris to cell 6

= Large Synergy with the

teag8g

European XFEL project

Equator cell 5

243

62
65
B4-
5-
66
-1

lristocell 4
100 150 200 262

Z130: Quench in 3x/9-mode at
22 MV/m Picture at same location
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Accelerator Systems ILC

ILC is a very demanding machine
From source over damping ring to final focus: technical advances are needed
Work is proceeding on all areas within the GDE, coordinated world wide
Major large scale test facilities:

FLASH / TTF at DESY

ATF2 at KEK

Cornell damping ring test

Goal: reliable technical design by 2012, backed up by well understood costing
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Time Lines

LHC Results cLIc

ILC

Feasibility

Timeline \ Stud
| | | V.

2005 2007

LOBAL DESIGN EFFORT [ BN BN BN BN BN M PROJECT

_ Baseline Configuration ) J
ILC R&D Programme

_ Reference Design
: Engineerin
Technical Design

Report 2012

2010

of Interest to Host
International Management
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A Detector for the ILC

Several detector concepts are being developed:
Two have reached a certain maturity:
ILD (International Large Detector) Both have been

evaluated by an international
SiD (Silicon Detector) expert group

Other approaches are being discussed

In the following I will mostly discuss ILD
But conceptual differences are small (technological ones are big...)
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Xy view
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A Detector at the ILC

Excellent vertexing
as close as possible to the IP

Robust, three dimensional tracking
high efficiency, do not forget the low
energy tracks

Ties Behnke, DESY Linear Colliders 36

Powerful calorimeter
good photon identification




Detector Requirements

Excellent vertexing
as close the IP

Jet Reconstruction:
Robust, three dimensione Energy, Direction erful calorimeter

high efficiency, do not for Particle Flow hoton identification
energy tracks
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Particle Flow

’+ ‘ ‘ ‘ Type E/E, RMS

:7+ : —s— CH 69.59 19.49
@ Most precise event reconstruction . : .

i) —e— NH 3.299 6.632

(measured e.g. in the jet mass) Neu"al ﬂﬁqrf?:ﬁ # oy
= AT

—e— EM 2655 19.33

| | ¥ +*++§
# }
+ +++ | +£ +++5 +

@ Individual particles are reconstructed:
charged and neutrals

Fundamental problem: fluctuations in the calorimeter: <70%>

use tracker as much as possible
replace information in calorimeter by tracker information
only use calorimeter for neutral particles (photons, neutral hadrons)

Pushes requirements for calorimeter:
excellent segmentation

energy resolution is of lesser importance

30%/JE (below 100 GeV)
is the goal
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What i1s Particle Flow

ECAL —

AE-026ey ~ (AEFLIGeV)
5 GeV Ap=0.002GeV
Resolution tracker - Calorimeter
oEYE £
5 GeV electron: 0.002 GeV :
photon: 0.2 GeV ld racker
neutron: 1.1 GeV

370 GeV

For LC energies: tracker is most precise ~ oenf 17
i - ECAL

Utilize the precise tracker as much as el ]
Ties Behr possible rs E(GeV)




What i1s Particle Flow

ECAL

Remove the
calorimeter-base
information,
stress topology

5 GeV

Ap=0.002GeV

o(E)/E
5 GeV electron: 0.002 GeV

photon: 0.2 GeV

heutron: 1.1 GeV

0.02

For LC energies: tracker is most precise

Utilize the precise tracker as much as

Ties Behr possible IS

AE=0.2GeV

Resolution tracker - Calorimeter

(AE=1.1GeV)

O
0.035 [
L

racker

370 GeV

___ ECAL

i A B
1] 50

b b b b b b b
100 150 200 250 300 350 400 450 500

E(GeV)




Particle Flow

Y ot N Ee .
e T i e . Utilise tracker and
T . v . . .
B = et calorimeter information
(e 4 = e
i Eﬂb\- sy Em‘\'
Ejer= Eecar * Eneal Ejer = Etrack +E, + E,
___E e L ' Spatial Resolution
:> "ﬂl.*" . o' w ) . X
[ in Calo is essential
= B
v _,_,:E.ﬁ'“ il || ;&“"“ Software to exploit
e || HE — e || P L
ome Figow. the granularity is
—famt B ———fmy i very important

Pictures by M. Thompson, Cambridge
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Particle Flow

3 e ——n i
Tt+ I, Hw . .Tfil.i-.. . w “':":5%5&;_"&
bt % ; .. |::> e || ....:: ; .

Eje1= EecaL t Encal Ejer= Etrack *E, + E,

S

-. -.
® |
X e o
- L
Leee -
'°1f.|,:-.-....

Lo

et
-.h'.

Spatial Resolution

%fe“ |
"ﬁn— ' in Calo is essential
gﬁa«..

o

i
4
i 6

....l:‘f‘ =
h‘;‘t ¥ 5

Pictures by M. Thompson, Cambridge
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Particle Flow

TC+ H‘w Lo hﬁiﬂi- ) ";*ﬁ' L Lﬁ' '
#p ‘:-.'.-" #, . _E:o‘-
Cri — vl
Eyer= EecaL t Encar Ejer= Etrack *E, + E,

.
ey

"
e

.--'l ::
el S, o
e

1

'

et it ﬂ%ﬁf‘“ Software to exploit
afide — ol o ey
5. the granularity is
P o W .
T s T et Fim, o very important
Pictures by M. Thompson, Cambridge
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Factors Contributing to Jet mass resolution

+ — 0 _ Studies by

e e o7 —qq at 91.2GeV P. Krstonosic

Effect g [GeV] o [.G?V] o [Ge\f’}_ o
separate not joined total ( %/VE ) to total

E>0 0.84 0.84 0.84 (8.80%) 12.28
Cone <5’ 073 | 1.11 1.11(11.65%) 9.28
P,<0.36 1.36 1.76 1.76(18.40%) 32.20

O hear 1.40 1.40 2.25(23.53%) 34.12

O kcar 0.57 ==p=1.51 2.32(24.27%) 5.66
L 0.53 1.60 2.38(24.90%) 4.89
M parged 0.30 1.63 2.40(25.10%) 1.57

HCAL becomes very important for ultimate precision I
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Confusion

PFA Requirements:
Software: very sophisticated algorithms

d ooy &

‘ Isolated neutral hadron or
fragment from shower ?

AN

Ultimate performance needs excellent software

Reduction of the confusion (cluster assignement errors) is most important

Ties Behnke, DESY Linear Colliders 45




The ideal PFLOW detector

Traditional energy

resolution is important
@ Extremely dense (small Moliere Radius) P

@ Extremely granular (particle separation) but not so critically

containment

Granularity and
longitudinal sampling

As deep as possible

Fine grained ECAL Granularity: “tracking”

Precision, high efficiency tracking

Ties Behnke, DESY Linear Colliders 46




Anticipated Performance

0.3

0.2

0.15
ALEPH measured

CDF measured

Jet Energy Resolution & /Ejet (%)

0.1 -
ATLAS simulation
I measyra p DREAM .
0.05 measure
e A
ILC goal .
PFA

0 ' ' ' ' ' simulation

E 50 100 150 200 250

Jet Energy (GeV)

F. Simon, MPI Munich

Ties Behnke, DESY Linear Colliders 47




A Detector at the ILC

Excellent vertexing
as close as possible to the IP

Robust, three dimensional tracking
high efficiency, do not forget the low
energy tracks

Ties Behnke, DESY Linear Colliders 48

Powerful calorimeter
good photon identification




Tracking Layout

Powerful tracking / vertexing system

excellent vertexing capability

high precision tracking Proposed layout
of the ILD

central tracking
system

Special Focus on:
Time Projection Chamber (TPC)
Endcap Tracki
Detedtor (E1C) Robustness/
Redundancy

Excellent precision

Sl Vertex Detector Forward Tracking Disks (FTD)
Ties Behnke, DESY Linear Colliders 49
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Tracking Layout

Powerful tracking / vertexing system

excellent vertexing capability

high precision tracking Proposed layout

of the ILD
central tracking
system

g Special Focus on:
Vertex s P
a8
DCTZCTO[" g-g Endcap Tracking R b 1_ /
38 Detector (ETC) obusThess
=
Redundancy

Excellent precision

Sl Vertex Detector Forward Tracking Disks (FTD)
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Tracking Layout

Powerful tracking / vertexing system

excellent vertexing capability

high precision tracking Proposed layout
of the ILD

Snapshot from TPC testbeam using central tracking

Micropattern Readout for TPC system
0
L |
0

|

Special Focus on:

Time
Projection n
¢
Chamber ! Robustness/
Redundancy
‘ Excellent precision
1 |
S| Vertex Detector Forward Tracking Disks (FTD)
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Tracking Layout

Powerful tracking / vertexing system

excellent vertexing capability

high precision tracking Proposed layout
of the ILD

central tracking

External tracking detector (SET) +
o system

Special Focus on:

Silicon

Trackin -

Sysfemg tng(ETié;)g Robustness/
Redundancy

|=l Barrel and endcap: Excellent precision

Sophisticated Silicon tracking devices

Radiation hardness

Sl Vertex Detector Forward Tracking Disks (FTD) | ] |
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Material in the Tracker

><'DO.5 : 1 1 1 1 I 1 1 r

. [ ISET+ETD i

. o 04F | I1PC -
Reduction of material is key goal [ [SIT+FTD 5
of R&D in the next few years 0.3p VI .
0.2} -

0.1 I—

Goal: very light tracking system: B
90 80 70 60 50 40 30 20 10 ©

total material before calorimeter < 10% XO in the barrel 6/degrees

<30% (or less) in the endcap

including all services, all support structures, cables, etc.

Realistic (but optimistic) estimates make this believable...
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Materials: from Concept to Reality

Major difference / advance to LHC

detectors is needed:

The detector TDR 1996

f B fica=m P
B Pinel demiciar svamemi

... and the reality 10 years later

1.4 X0

0.7 X0
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Thickuess in radiation lewgih (%)

1.4 [ AT racher

| Heam Pi
1.2 + Finel —

w Ohater S#llicog
It O onumesn
Chaixide

.|'|__|..

. W Imner Siliceng] 0 e

1

I Material DCE-05 layowut
Bl Sebcns

I TEET

1.5

1.4 X0
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The ILC Goal

KDO'S: — T T T T T T T :

i SET + ETD )
0.4F [ JtPC =
L SIT + FTD '
. 0.3} VTX i &
i : w
0.2 1
01 .
CMS -
" I U | | | | | | | |
90 80 70 60 50 40 30 20 10 O l|

6/degrees
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PFLOW ECAL

Typical granularity for ECAL: 0.5cmx0.5¢cm to 1cmxlcm,
SI detectors, Tungsten absorbers

« 30 layers, 24 X,

Extreme direction:
MAPS sensors in the ECAL

il '---m---
CALICE prototype

Allows “tracking Very detailed shower images
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PFLOW HCAL

HCAL plays crucial role in a particle flow calorimeter

Simulation of hadronic shower is problematic

Typical cell sizes 3x3 cm? with analogue readout

Major effort (CALICE) to protoype
such a calorimeter for the ILC
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PFLOW HCAL

HCAL plays crucial role in a particle flow calorimeter

Simulation of hadronic shower is problematic

Overall: about 1000 times the channel count from LHC
/- Totally new type of calorimeters -- '

Digital option inves‘riga‘red (smaller cells, 1bit readout)

Tail Eatth&r Fﬁ 31 "'":’j

e

_...-rl.'

X ‘T SiPM

Major effort (CALICE) to protoype
such a calorimeter for the ILC




Putting it together

ZHH->qqbbbb event at 500 GeV

Powerful vertex/ tracking/
calorimeter

put all this into a strong
B field

have some muon
ID on the outside

I have not talked about the forward
region etfc.. sorry

HH - qgbbbb
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How well does |t Work?

PandoraPFA V03 00

>1.2r ' i
- T © B . 45 GeV Jets ]
-_xy view VA i i
/ e> e Q 1 Z — Uds © 100 GeV Jets —
2 1] . v 180 GoV Jots *
- = 250 GeV Jets
—~ 0.8 $
o B T
g B ]
£0.6 —+— . 4
—_t_i__*_*__*_ —— ___+ :t_
- —— . -f._f_ -H
0.4 [~ — v — e T
0.2 ]
- -E- 0 : :‘;“u'-i'- - 0 B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 i
L 0 0.2 0.4 0.6 0.8 1
i Lo |cosB)|
R M. Thomson

Resolution about 30%//E for jets
below 100 GeV

Simulation of an event

Particle flow gives ~2x better performance than traditional approach (<100 GeV jets)

Significant achievement over the last few years
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W-Z separation
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120

m;/GeV

60 80 100 120
(mii +m)/2 [GeV]

Crucial for many channels (SUSY, others)
Crucial to understand and separate SM from NP
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W-Z separation: Comparison

600
L00 |
200 - |
0
-200 [-4— | ;
! ‘ 00 120 1. 0" 60 80 100 1:.20
0w m;; (GeV) (m, + my)/2 [GeV]

Crucial for many channels (SUSY, others)
Crucial to understand and separate SM from NP

Ties Behnke, DESY Linear Colliders 62




W-Z Separation

Simulating W-Z separation for different resolutions:

perfect 2% 3%

301]'_‘ T T ] F T T T T ] 12}}

1 ﬂ mu;- A Eﬂ;-

LEP-like

1 40

2001 Troof | w0

{1 20

100} 1wk [ 1 |
- ] 40 \ | o}

P AL

" ||4;- G -. [ G r s ]
40 BO BD 100 120 14 40 &0 B0 100 120 14 40 &0 80 100 120 140%{] G0 80 100 120 140 40 60 80 100 120 140

1 1

Jite rEfEr::; ' W;aiep W/Z separation = (mz —mw)/om
2% 290
3% 260 0,, -cffective gaussian equivalent
4%, 233G mass resolution
5% 200 = EE=T=
10% g

3.5% is about optimum: due to intrinsic width, better does not really buy a lot
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Performance

PandoraPFA v03-00
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Two Detectors

Additional complication:

One interaction region,
but two detectors:
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Two Detectors

Additional complication:

One interaction region,
but two detectors:
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Two Detectors: Push Pull

Additional complication:

One interaction region,
but two detectors:

push pull operation anticipated
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Conclusions

@ Linear Collider offer complementary strength to LHC
@ Wide range of physics topics can be studied at the LC

@ |C is indispensable for precision studies and to determine
and distinguish models

@ Detectors at LC are a significant challenge

@ A mature design (ILC) exists, is pushed to project level in international
collaboration

Of course a lot will depend on the LHC and its findings,
But in a few years we should know which LC we need to build
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Detector Optimization: ECA Lrerenzer

Photon separation
(fraction of second photon within

o 0457 iven distance
ST Z — uds (jc0s]<0.7) 9 )
-
% [ ® 100 GeV Jets, 20x20 ECAL 65 |t
2 04 ® 100 GeV Jets, 10x10 ECAL anlii
o 6 & 100 GeV Jets, 5x5 ECAL
EB " ® m_u::c:(mszzo)
2 0351 451-SiD(125.170). ... A
= B 8 . 40GLD(210,280)..... /... p
E 0-3__ ® 35 é é /
i ’ 30
- '25 a
0- IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 20 :
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 -
TPC Radius ];} o
First full reconstruction results 0

Cell size in cm

1x1 cm”2 cell sizes seem reasonable

not a huge gain by smaller cells seen at the moment
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A. Raspereza,

Detector Optimization: HCAL ¢ s,

HCAL optimization:
reconstruction of overlapping hadronic showers

HCAL only Two showers : t* 10GeV, K{ 10GeV

100 , ; i
1 1 1
| ! - 140 |

' x1k -

so | W Bx&x1_ oA L

@' 3x3%2 |

3x3x1

i 3x3%2

| 5x5x1

E E— [ Distance = 10cm
I

|
SoS

120 |

—_

[

o
1

Quality, %

T < )

Events/1GeV

A
o
|

-

[u¥}

a
1

u.lslmlmlenlzslsnlss o T T 30
Distance between showers [cm] Energy of Neutral Shower [GeV]
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Detector Optimization: HCAL rw2"

Z — uds (|c0s0|<0.7) . "Preliminary Conclusions”

® 180 GeV Jets
® 100 GeV Jets

¢ 3x3 cm? cell size ok

. * No advantage -> 1x1 cm?
e S - physics ?
I * algorithm artefact ?
eirigipn®o| +5x5cm?degrades PFA
0% 2 1 6 8 10 12

Tie HCAL Cell Size/cm -




