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( Linear Collider Detector Requirements )universitétﬁi@;m

Physics driven detector requirements:

——-—

Jet energy resolution: € J(E)/Ejet~3% )

« Distinguish W, Z and H in hadronic decays

» Use patrticle flow (highly granular calorimeters)
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Momentum resolution: a(l/p) 5. 10-5Gev N
_y _ I — -

* Higgs mass and SUSY endpoint measurements (sleptons)

=
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Impact parameter resolution:  { o = (569 ) j 7
~y t

» Excellent flavor tagging: b & c identification and separatlon
» Small pixel sizes

» Low material budget to avoid multiple scattering
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&!@ C The Compact LInear Collider ) universitétﬂ

. Futuree* e linear collider with E, . of 3 TeV (baseline design)

« Canbe built in a staged approach to cover lower energies

 Total luminosity of ~ 6-10%* cm?s™!
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The Compact LInear Collider

. Futuree* e linear collider with E, . of 3 TeV (baseline design)

« Canbe built in a staged approach to cover lower energies

 Total luminosity of ~ 6-10%* cm?s™!

) universitétﬂ
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( Beam Structure ) universitétgﬂ @

ILC: 200ms (5Hz) / CLIC: 20ms (50 Hz)

ILC: 738ns / CLIC: 0.5ns

e Beam split into trains (50 Hz)
» allows power pulsing — less cooling required — lower material budget
 Only 0.5 ns between bunches
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« Very small beam sizes cause beamstrahlung e +&~ Pairs
« 1 nm vertical, 40 nm horizontal, 44 nm longitudinal s f\j
. AE/E=29% @ 3 TeV @
« Coherent pairs (3.8x108 / BX) AR W Uéfffm
. Incoherent pairs (3.0x105 / BX) Beams”ah'ung

« vy — hadrons (3.2 /BX)

Coherent Pairs
Incoherent Pairs

Trident Pairs Coherent e* e pairs at low angles

vy — Hadrons

»  Crossing angle of 20 mrad

> Opening angle of outgoing beam pipe
10 mrad

Incoherent pairs extend to larger angles

-~ radially confined by solenoid field

10 E |‘
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0 [Imradl

-~ drives radius for innermost vertex layer
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« Very small beam sizes cause beamstrahlung

« 1 nm vertical, 40 nm horizontal, 44 nm longitudinal

« AE/E=29% @ 3 TeV
« Coherent pairs (3.8x108 / BX)
« Incoherent pairs (3.0x10°/ BX)
« vy — hadrons (3.2 /BX)

Z|W  E 5 E E :
E|Z E —_— gg'% hadrons 3 TeV
107 = gg—w hadrons Sﬂﬂ GeV
B . Energy per‘ bx, f
10 E ____. ' p >0.25 GHV IGDS(B}T{U 995
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Beamstrahlung

vy — hadrons
« ~ 28 charged particles per BX
« ~50 GeV per BX (mostly forward)
. ~ 15 TeV deposited during one train
. lessthan one hard interaction per train

> timing information can help to reject
background

» sophisticated reconstruction required
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m ( CLIC Detector Concepts ) universitatm

e CLIC Conceptual Design Report will be published end of 2011

* Volume 2: Physics and Detectors
* Physics case
» Detector design
» Detector benchmark analysis

[Christian Grefe— EPSHEP, Grenoble — July 22,2011 Page 8)




Q@ C CLIC Detector Concepts ) universitatﬁ

e CLIC Conceptual Design Report will be published end of 2011

» Volume 2: Physics and Detectors

* Physics case
» Detector design
» Detector benchmark analysis

e Use validated ILC detector concepts as starting point

 Fulfill detector requirements
* Needto be adapted for CLIC experimental conditions

(Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 9)
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* Instrumented return yoke 6945 ~

_ CLICTILD CDR
e 4T solenoid

e Highly granular HCal

_———_-

¢ S Tungsten instead of steelTo~ “™
~ keepcoil size _z

——————

« Highly granular Si-w ECal

1808 —
e Large main tracker (r=1.8 m)
Time projection chamber \ TPC

* Silicon Pixel Vertex Detector =

—_————_~
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[Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 10)




@9 C CLICES Concept ) universitétﬂ @

CLIC_SiD CDR
* |Instrumented return yoke

e 5T solenoid

« Highly granular HCal

—————-

¢ > Tungsten instead of steeito
~ —keepcoil size feasible. — <

« Highly granular Si-W ECal

» Silicon strip tracker (r=1.2 m)

Anti-Solenoid

» Silicon Pixel Vertex Detector

— i L oy
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ﬂb C Vertex Detector ) universitétﬂ @

» Vertex detector should be as close as possible to the IP (~1.5cm @ ILC)

* Need to keep occupancy low in critical regions

* Innermost vertex layer — direct hits

 Beam pipe — creation of secondary particles

En.pan.
mmF- bx

{eylindrical

50 100 150 200 250 300 350
Z [mm]
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m ( Vertex Detector Challenges ) universitétﬁ

» Asclose as possible to the IP — still need to avoid incoherent pairs

e Single point resolution: ~ 3 uym, i.e. 20x20 ym?analog pixels

« Very low material budget: 0.1 - 0.2% X, per detection layer
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o Systematic simulation study of particle flow performance at CLIC energies

 Need to increase HCal depth significantly to avoid leakage

e Conclusion: ~7.5, needed in HCal (plus ~1 A, in ECal)
e |LC detectorconcepts: 5.5, (ILD), 4.8 A, (SID)

cos0<0.7
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« Good energy resolution requires HCal to be

inside coil (&T[(ln]_ 16.77 9:95:
* Need dense material to keep coil size Xo[cm] T 1.76 0.35
feasible dE/dx[MeVicm]  11.4 22.1
« Tungsten HCal seems suitable in Ry [cm] 1.72 0.93

simulation studies

(Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 15)




QB ( Had iGN cter ) universitétbonnl E@N
« Good energy resolution requires HCal to be

inside coil M [om] 16.77 9.95
* Need dense material to keep coil size Xo[cm] 1.76 0.35
feasible dE/dx[MeVicm]  11.4 221
» Tungsten HCal seems suitable in R, [cm] 1.72 0.93

simulation studies

1 cm W absorber plates

* No large tungsten calorimeter existed so far

e

 Check GEANT4 simulations in test beam 5'
» shower shapes
e time structure

 WHCal prototype in CALICE: use existing
prototypes with tungsten absorber plates

e 2010 @ PS
* upto 10 GeV with 30 layers instrumented
« 2011 @ SPS (finished last Sunday)

* upto 300 GeV with 38 layers instrumented
(~ 4.8 \) + tail catcher

(Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 16]




&!b ( Hadronic Calorimeter ) unwersitétb'onﬂ i@m
« Good energy resolution requires HCal to be

inside coil M [cm] 16.77 9.95
* Need dense material to keep coil size Xo[cm] 1.76 0.35
feasible dE/dx[MeVicm]  11.4 22.1
» Tungsten HCal seems suitable in Ry [cm] 1.72 0.93

simulation studies

Run 361346:0 Event 2460 Ecal Bvakt Il ...
HCAL Hits: 547 Enargy: 2018.35 mips

* No large tungsten calorimeter existed so far = mme:r2170us129 Tue dul 12200 ey es Eoaray s9008 i
» Check GEANT4 simulations in test beam

» shower shapes

e time structure

 WHCal prototype in CALICE: use existing
prototypes with tungsten absorber plates

e 2010 @ PS
* upto 10 GeV with 30 layers instrumented
« 2011 @ SPS (finished last Sunday)

* upto 300 GeV with 38 layers instrumented
(~ 4.8 \) + tail catcher
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‘m ( CLIC CDR Benchmark Analysis ) universitétgﬂ

« Several detector benchmark channels have been selected to map out the
detector performance in real physics analysis

« All (Jet) analysis have realistic background overlaid in full simulation & reco

e 3 TeV benchmark channels:
« Light Higgs (my =120 GeV), ee - Hvw, H—- upand H — bb

* Momentum resolution, forward tracking performance, b-tagging
Heavy Higgs (m = 900GeV), H*H-, H°A® — tbtb, bbbb
* Db-tagging, multi-jet final state, m;

squark pair production (m = 1.1 TeV)

» high energy jets, missing energy

slepton pair production (m = 1 TeV)

* high momentum tracks, e and p ID, missing energy

chargino and neutralino pair production (various masses)

« multi-jet final state, missing energy, m;

* 500 GeV benchmark channel, similar to ILC Lol benchmark

* top pair production

* multi-jetfinal state, b-tagging

[Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 18]




( Event Reconstruction with Background ) unwersitétﬂi@;ﬂ

* Full simulation studies, i.e. CLIC CDR benchmark studies have to take into
account realistic pile-up of yy — hadrons background

di-jlet@ 1 TeV

Ay,
AN

A VAN \ N

CLIC_LD =~

[Christian Grefe— EPSHEP, Grenoble — July 22,2011 Page 19]




e Simulate signal and background samples individually

 Overlay background before digitization step and reconstruct together

( Event Reconstruction with Background ) universitétﬁi@;m

 Define reasonable readout time windows for all sub detectors, i.e. 10 ns

» Overlay sufficient background events to fill time windows with realistic

background levels
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&!b ( Event Reconstruction with Background ) universitétﬂi@;m

« Assuming 10ns readout time windows for tracker and calorimeter and overlay full
bunch train structure within that time window

» Allow longer time window for HCal barrel because of large slow neutron
contribution in hadronic showers in tungsten

di-jet @ 1 TeV + 10 ns of yy — hadrons

ity

T 1.4TeV of background reconstructed
[Christian Grefe— EPSHEP, Grenoble — July 22,2011 Page 21]
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« Assuming 1ns time resolution for calorimeter hits — sub-ns resolution for clusters

« Calculate clustertime (and track propagation time) for reconstructed particles

 Remove out of time particles (cuts depending on 6 on p,)

di-jet @ 1 TeV + 10 ns of yy — hadrons + selection

CLIC_ILD
0.2TeV of background reconstructed

[Christian Grefe— EPSHEP, Grenoble — July 22,2011 Page 22)
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« CLIC CDR will be published at the end of 2011

* Volume 2: Physics and Detectors covers physics case, detector design and
benchmark studies

 Focus will shift towards detector R&D after the CDR

« Large number of detector R&D opportunities at CLIC, even beyond the ongoing
efforts for the ILC
* Vertex detector:
» high single point resolution and time stamping capability (~10ns)
* low material budget — use power pulsing to reduce cooling needs
« Hadron Calorimeter:

» dense absorber material, i.e. tungsten required to keep coil feasible and contain TeV energy
jets

« Cail:

» large, high field solenoid required, needs improved sc cable design (not covered here)
» Detector integration:

» support of final quadrupole, needs to be isolated from vibrations (not covered here)

 Continue successful collaboration with the ILC R&D collaborations and ILC
detector concepts

[Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 23]




& C ) universitétﬂ @N

Backup Slides
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Vertex Detector

> universitét%ﬂ

 0.1% X0 maximum per detection layer is desired, but more is not a show

stopper
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 Pad occupancy (percent of time voxels occupied) for full bunch train
and 6*1 mm? pads at 40 MHz readout

| Occupancy per row |
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HCal Layer Optimization

) universitétgm

Systematic study of various absorber materials and sampling ratios vs.

total HCal depth

active: 5 mm scintillatar

E1,uu=25ﬂﬂﬂ GeV passive: steel tungsten, 2.5 mm G10
:i I 1 | ) 3 T 1 T I 1 1 1 1 I 1 ) 1 1 I i 1 L 1 1
L n i
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 Tungsten Timing Test Beam (T3B) set up behind the
WHCal prototype CAI-l GO

Calorimeter for |LC

 Small number of scintillator tiles with very fast
response

.,l'.' '
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B il i

)

i,fl

 Precise measurement of time structure of showers
 Datais well described by QGSP_BERT_HP

L
.
Y
1

-

. m

.

-

i m

.

. g

=

.b

-

.-

— .
=3

w4 m

-

I
= N
-

.
..
e

*m

L)
v

g..
=
=
—

16

w B T T 1 @ ] |/| T T T ]
© i ﬁ ] S 4 ]
S 102 & = = 14— ]
= = CALICE T3B MC 10 GeV tile 0 = % L . .
) - [7]QGSP_BERT i = C 200 ns time window ]
) - —QGSP_BERT_HP - 5 120 -+ T3B data —
o 10°%L | -+ Data _ 2 = QGSP_BERT HP -

2 S = = 10— — QGSP_BERT
-— — L, — c — —
c - v ] - |
) I N i S B ]
o B % I 1 E 8 T t
10 = - 3 B o

— s o -
- e 3 - ]
— i % L | 6_7 i
[N By

o ] B 7
10° = e é = 4__ -]
Sl 7 B ]
T \ . _]
e | 2f ]
6 ?// I - [ _
107, L ol | Cl | | T B
0 20 40 60 80 100 120 0 2 4 6 8 10 12 14
time of first hit [ns] T3B tile index

(Christian Grefe — EPS HEP, Grenoble — July 22,2011 Page 28]




C

Event Recoonstruction

 Impact of PFO selection on jet energy resolution

) universitétﬂ @

- 350
- [CLIC CDR SID IF - [CLICCDRILD ﬂ
600 — |— Mo cut - |— Nocut il
L |— Loose Cut 300— |— Loose Cut il
B — Default Cut - — Default Cut
00— — Tght Cut B — Tght Cut JLL
N 250
- E=1TeV - E=1TeV
490:— 2uu:—
3uuf— 15u§— .
znui— 1uuf— JJJ
1uuf— 5“; ﬁ i
émnimau -.*,_:qb;*:,f—',?, IR (=SS SR E ot . Lh--f?-;-#ﬂ-f. Lo .tt:"'a_-L ——
o0 700 800 900 1000 1100 1200 800~ “7on 800 900 1000 1100 1200
E [GeV] E [GeV]
Eiet [GeV] 45 100 250 500
no cut 3.98 £ 0.05 | 3.15 £ 0.04 | 3.00 £ 0.04 | 3.26 = 0.06
loose cut | 4.40 + 0.06 | 3.34 4 0.04 | 3.08 &= 0.04 | 3.29 + 0.06
default cut | 5.15 &+ 0.07 | 3.64 £ 0.05 | 3.17 £ 0.04 | 3.33 = 0.06
tight cut | 595 £ 0.08 | 3.99 £+ 0.05 | 3.30 = 0.04 | 3.37 £+ 0.06
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« Coildesign is pushing technological limits
 [Forceson sc cable is main challenge for the coll design (100bar pressure)
« Extrapolate ATLAS CS reinforced aluminum design
* micro-alloy increases mechanical strength without degrading conductivity

5T, 5 layer
18kA, 40 strand cable

Atlas CS Atlas BT CMS Atlas ECT

Ml Rutherford SC cable

Pure Al stabilizer
| Reinforced Al stabilizer

.~ AAreinforcement

Extrusion tests: Collaboration between KEK and
CERN together with Swiss industry

[Christian Grefe— EPSHEP, Grenoble — July 22,2011




ﬂb C Final Focus Stabilization

) universitétgm @

* Final guadrupole as close as possible to the IP (luminosity)

« Very high stabilization requirements for QDO at CLIC

 Beam size: 1nm vertical, 40nm horizontal, 45nm longitudinal

« Vertical position better than 0.15nm RMS for f > 4Hz

e Minimize vibrations

« Use permanent magnets and warm magnets

* Decouple from detector, support from tunnel instead

» Passive high-mass low stiffness spring system to suppress high frequencies

from ground

< hall

tunnel =

[Christian Grefe— EPSHEP, Grenoble — July 22,2011
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ﬂb C Final Focus Stabilization ) univﬁ,rsitétﬂ @

* Final guadrupole as close as possible to the IP (luminosity)
« Very high stabilization requirements for QDO at CLIC

« Beam size: 1nm vertical, 40nm horizontal, 45nm longitudinal
* Vertical position better than 0.15nm RMS for f > 4Hz

Amplitud=

isolation I \
= / 31.5Hz
desrgrL/ \ Vo] 72712

mplituc,
Q
s Bl
I
[ ]
i
—

Freguency [Hz]
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