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How isphysics changing from LEP to CLIC ? fmee
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Observablesfrom 0.2 TeV to 3TeV (SM Evts) e

gl Particle M omentum Particle
| Polar Angle

LAWRENCE BERKELEY NATIONAL LABORATORY




Observablesfrom 0.2 TeV to 3TeV (SM Evts) e
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Event Reconstruction: eeer

Noan Challanm
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Worldwide LC studies have gained a lot of insight on experimentation

at a linear collider at ~ 2.5 X LEP energy, new role for the CLIC study:

 Define parameter scaling from 0.2-0.5 TeV to multi-TeV and
optimisation within technological/engineering constraints;

* [dentify 1ssues requiring new/alternative approach;

» Evaluate CLIC potential / limitations at 0.5 — 1.0 TeV.
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Physics Slgnatures at CLIC coceer) p

Missing Energy Flnal States\

missing E 1= 0.8 TeV

Reson ance Scan
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o(IP)
Vertex of origin determined by
accurate extrapolation inside beam pipe;

Event Reconstruction e ;

DELPHI at LEP
mmm ATLAS at LHC
SLD at SLC
| === STAR at RHIC
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Op/p?

Momentum resolution of paramount importance;

500 fb-1 Zh+ZZ*
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Parton energy determined through particle flow reconstruction;
BR?
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Benchmarksat ILC T
)

Heport to the ILC World-wide Study

Physics Benchmarks for the ILC Detectors

arXiv:hep-ex/0603010 vl 6 Mar 2006

. Single e*, pu*, 7%, 70, K=, HE, Yoy 8, ¢, b0 < |eosf| < 1,0 < p < 500 GeV

+te= — ff, f=e, c bat /s=1.0 TeV;

. E

tem — Zh, — Y X, my, = 120 GeV at /s=0.35 TeV;

- Zhoh —ce, 7777, WW™*, my, = 120 GeV at /s=0.35 TeV;

- Zhh, my, = 120 GeV at /s=0.5 TeV;

- épég at Point 1 at /s=0.5 TeV;

7171, at Point 3 at /s=0.5 TeV;

—

o li'_ll_,flglg at Point 5 at /s=0.5 TeV;

hep-ex/0603010
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Process and Obaorvables Targot Detector

Final states Accuracy Challenge
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Physics Program at CLIC coceer?] f
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Complete definition of Higgs Profile
(lepton coupling, H self-coupling,
heavy H sector of extended models, ...);
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Probe precisely physics beyond SM,
directly up to LHC reach, indirectly _
well beyond hadron collider reach; LBGICJHMAEFKD
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me gquarks

Probe details of DM-motivated SUSY
complementing LHC and lower energy LC;

gluino

(
LEGICJHMAEFKD

need to 1dentify set of benchmarks for a multi-TeV ete- linear collider.




A Detector Concept for CLIC /q ;
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First CLIC Physics Study (2002-2004) proposed a detector with
performances rescaled from those proposed for TESLA TDR (2001);

CERN-2004-005
10 Jure 2004
Plrysics Department
hep-ph/0412251

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLZAIRE
CERN EUROPEAN ORGANIZATION FORNUCLEAR RESEARCH
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PHYSICS AT THE CLIC MULTI-TeV LINEAR COLLIDER

Detector CLIC studies

Report of the CLIC Physics Working Group

arXiv:hep-ph/0412251 vl

Edrrors: M. Battaglia, A. De Roeck, I Ellis, D. Schulte

Physics validation and detector

Vertexing 3(IP.g) = 15 pm ¢ BLm o2 /e GeV fe
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Solenoidal field B=40T
Tracking

Em. calonimeter
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Tracking & Vertexing:

Beam Test Validation

CALT Vi1

Experience with beam telescopes based on

pixel sensors (EUDET, IReS, MPI, LBNL,...) >

T966: Study trk extrapolation and vertex
reconstruction using a four-layered thin
monolithic CMOS pixel telescope on

high energy beam with realistic occupancy

FNAL MBTF T966 Data
120 GeV p on Cu target
LBNL Thin CMOS Pixel Telescope

Extrapolate 3.3 cm upstream from first Si
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Multiplicity at Vertex:
T966 data compared
to G4 Simulation

5 6 7 8.
Vertex Track Multiplicity

ixel layer: @, ¢, = 230

—

MB et al,
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Vertexing: Bunch Tagging @‘.ﬁ'
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Efficient patrec requires blg occupancy << 1 hits mm
May reduce bkg hit density by moving away in radius or identifying BX;

* loss in vertex tracking efficiency; Thin Film on ASIC

* increase in fake tracks;

* build-up of non-Gaussian tails in
impact parameter distribution.
Fake track rate vs p, | L C S| mulation

05 TeV ttbar events
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Detector Concept for CLIC: Tracker ,q :

BERKELEY Lac il

At CLIC significant track density in collimated hadronic jets +
parallel muon bkg, yy = hadrons and low momentum spiralling tracks:

Minimum Distance between Tracks in Hadronic Events at 3 TeV
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CLIC 2004 Report suggested multi-layered high-resolution S1 detectors
Main Tracker, inspired by CMS and adopted by the S1D concept at ILC;

1 T T T ]
Cone radius |]

® 100 um

[ | 1 mm

A S mm
L 1cm

Discrete S1 tracker adopted as baseline but detailed study 1s now needed

LAWRENCE BERKELEY NATIONAL LABORATORY
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Need to assess tracking capability of SiD-like detector at CLIC:

Some encouraging results on tracking performance of 5-layered tracker
(assisted by Vertex and ECAL) from "realistic" simulation, but for
low energy jets (Z pole and tt at 0.5 TeV) and w/o machine induced bkg

Tracking Efficiency vsAngle from Jet Tracklng Efficiency vs Polar Angle

5 Layer- Efficiency v=s Abs{c)

- ﬂ-&fﬁ{m l T Al TrIEI:I:CI:IIiS
F1m]

acking Effic 981604
Ot HHIHHI ptyli it
theta (degrees)

Partridge,
BILCWO07
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Essential to evaluate performance of 3D continuous tracker (TPC)

offering redundancy 1n patrec and dE/dx info;

e

TPC prototyp&tests and simulation shows that -
*tWo0 track separation ~lmm (or better ?) _may'be feas1ble

. track ﬁndmg efﬁmency _stab ;ﬁp‘to 3-4%. occupancy”

—-FIF:"—..FEH_

Track Finding Efﬁciency vs Noise Occupancy

CLEO tmck]:ﬁ;jerl) e%"éf%wﬁ GEM +M edl Pi X R
 DESY beam test |

.| two tracks, d<tmm |

on (microns )

3mm pads
1.9 m radius TPC

3 Tesis e mw&z

single ow X, reso0 luti

0 0.5 1 15 2 2.5
noise hits in detector ( 106 )

0.00 0.01 0.02 0.03 0.04 0.05
D fraction of voxels

D Karlen A Bamberger

two track separaton (mm)




Momentum Resolution

My (GeV) Nb. Signal Evts. Nb. Bkg. Evts. S;’\/E dBR/BR

120 229.6 161.1 18.1 0.086
130 153.1 881 16.3 0.101
140 103.2 643 120 0.125
68.1 8.1 0.5 0.160

T T m m Y 681 o80T : =
upt Invariant Mass (GeV) 121 33.0

MB, J. Phys. G3
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Detector Concept for CLIC: Calorimetry | B ;
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Scale depth of HCAL

1.6 m Fe A, <10 to get
99% containment for E > 100 GeV

Neutral Hadron Energy at 3 TeV
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O/m Bock param.
A/ a CDHS data
O/® CCFR data

L 1LY,

1 50- 200 250 :3'00 o 5 C 50 100 500 1000

Neutral Hadron Energy (GeV) Single Hadron Energy (GeV)
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Is Particle Flow applicable

to multi-TeV collisions ?

PFA gives unprecedented performance for
Eio ~ 100 GeV, at CLIC N also grows
= E;4 does not scale proportional to E,

Partons / 10000 Events / 3 GeV

0 100 200 300 400 500 600 700 800
Parton Energy (GeV)

Large boost and high jet multiplicity gives particle overlaps in calorimeters.

Simple benchmark: study dlstance (charged particle E > 5 GeV to closest cluste
from n,@ﬁtral \\{1th E > 1/0 Ge

150 200 250
Closest Track Energy Deposit (mm)




Charged-Neutral Particle
Distance in Calorimeters
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Track - Shower separation: K
CALICE data — CLIC Simulation |

; L

18 GeV track/ 15 GeV ciuster
o 20 GeV track/ 15 GeV cluster
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20 30 40 50 60 70 80 90 100 110 CALICE Data

dist[mm] D Ward
CLIC G4 ZZvv
MB
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Event reco, Jet clustering and gluon radiation affect
physics reconstruction performances beyond particle flow response:

e'e” > WWvv at 0.8 TeV e'e” > HHZ at 0.5 TeV

En-IH-"-'[z‘n"E i Ehﬂfﬂﬁ} |Pandora PFA
eam T% Entries 8075 {

= WebimoYan | s s 0T w/ gluon radiation

(M* + M})/2.0 @ Jet pairing ' Dan:
mitres 4855
521 entry/event Mean  80.33

)

Entries 4901 |
Mean  79.33 |
RMS  5.234 |

0
O(Eje) Bja(%)
6 8 10
MThompson LAWRENCE BERKELEY NATIONAL LABORATORY T Barklow
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Scaling the SID Concept: CL1C000 Model e
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Start from S1D01 model:

« HCAL from 4.6 to 9 A,

—"‘_u-- IR

* R, from 1.4 to 4 cm = = M Stanitzki
C Grefe




WW/ZZ Eventsat 3 TeV

In SID-CL1CO000
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(Some) Questionsfor the Study coceer) p
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i

B Field strength

B=5 T adequate for dp/p, main constrain
to come from confinement of soft particles
from bkgs and engineering; (A. Herve)

Tracker Technology & Optimisation

Background and collimated hadronic
jets require to assess/review SiD
strategy for track reconstruction and
detailed evaluation of competing
tracking technologies for CLIC, taking
into account ILC R&D and simulation .

. 500 1000 1500 2000 25C0 3000
studies; E [GeV]
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Applicability of Particle Flow

Success of PFA at ~ 100 GeV jets needs to be reassessed at CLIC for
well-defined physics benchmarks; alternative approaches to calorimetry
may be worth pursuing;

Forward Regions

Fusion, t-channel processes and large jet multiplicity push much of the
interesting part of the cross section in the forward region, where machine
induced backgrounds are larger: need to assess requirements for vertexing,
tracking, lepton tagging and calorimetry vs polar angle.

Bunch Tagging

Timing layers with ~ 1 BX time resolution are proposed: essential to
support dedicated R&D and assess how to integrate timing information
in vertex tracking and calorimetry.

LAWRENCE BERKELEY NATIONAL LABORATORY




The work in front of us

Experiments-at CLIC not a simple scaling of LEP + ILC, machine
parameters & multi-TeV-energy are a new-regime for-experiments,
which requires an open-minded approach;

Progress in defining physics potential, machine parameters-and
detector optimisation._for the CLIC program to come.from effective
collaboration and stroeng synergies with world-wide linear collider
efforts on R&D, physics and software;

CLIC study working towards CDR to outlin¢ physics potential
of multi-TeV collisions and feasibility of accelerator-and detector
techniques.
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