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Motivations for CLIC

Motivations for a CLIC machine

CLIC: Compact LInear Collider
e eTe™ collisions up to /s = 3TeV c.m.
e Machine environment challenging

CLIC physics potential:
e Complementary to LHC
e Cleaner environment
e Precision Higgs physics, SUSY studies, etc.
e New physics beyond the LHC reach
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SM Higgs

High precision measurement of its fundamental properties: mass, total
decay width, spin-parity quantum numbers, couplings to fermions and
gauge bosons and self couplings
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SM Higgs

High precision measurement of its fundamental properties: mass, total
decay width, spin-parity quantum numbers, couplings to fermions and
gauge bosons and self couplings
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Physics Potential

BSM Higgs
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SUSY
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SUSY

Susy breaking models separation capability:
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Other studies

High scale stucture of SUSY

Neutralino Dark Matter hypothesis

Higgs strong interaction
o 7
Contact interaction

Extra dimensions
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Physics potential summary

Machine LHC14 SLHC LC800 CLIC3
Luminosity 100fb~"  1ab™' 500! 1ab~!
squarks [TeV] 25 3 0.4 1.5
sleptons [TeV] 0.3 - 0.4 1.5
7/ (SM couplings) [TeV] 5 7 8 20
2 extra dims Mp [TeV] 9 12 5-8.5 20-30
TGC (95%) (Ay coupling) 0.001 0.0006 0.0004 0.0001
U contact scale [TeV] 15 - 20 60
Higgs compos. scale [TeV] 5-7 9-12 45 60

CLIC can
e extend the discovery reach of LHC,

o offer the opportunity of precise measurements of masses and
couplings.

Conclusion
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CLIC machine Conceptual Design Report

Released later in 2012

Addresses the 3TeV case, the most difficult

Presents the different technical aspects of a CLIC machine

Details the machine properties

Demonstrates (with hardware tests) the feasibility of such
machine

Here: brief overview of the CLIC properties
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CLIC Technology

2 beam acceleration scheme:
drive beam and main beam

e Gradient 100 MV/m
e Energy: from few-hundred GeV

upgradable in steps up to 3 TeV;
R&D has focused on 3 TeV

drive beam 100 A, 239 ns
238 GeV -> 240 MeV
Quadrupole
Quadrupole

power-extrac i
tion an,
r_ransfer Structyre (PEE:‘S)

main beam 1.2 A, 156 ns
9GeV->1.5TeV
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CLIC properties

CLIC 0.5TeV  CLIC 3TeV

L [cm 2571 23x10%*  5.9x10%
Bunch crossing separation 0.5ns 0.5ns
Bunch crossings per train 354 312
Train repetition rate 50 Hz 50 Hz
Crossing angle 20mrad 20mrad

Whole bunch train in 156ns.

Conclusion
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Physics Potential

CLIC Detectors

Bkg treatment Benchmarking the detectors
Machine Detector Interface
Push-Pull system:

Conclusion
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Machine Detector Interface

Last accelerator element is IN the detector

17/94



Motivations for CLIC Physics Potential CLIC Detectors Bkg treatment Benchmarking the detectors

Beam-induced backgrounds

CLIC 0.5TeV  CLIC 3TeV

Nb yy — had/BX 0.2 3.2
Nb incoherant pairs/BX 0.8 x 10° 3x10°
Nb coherent pairs/BX 102 3.8 x 108

Very large beam-induced background rates!

e Coherent pairs very forward
e Incoherent pairs mostly forward

— impact on the very forward detectors design

e vy — hadrons all over the detector acceptance.

Need to deal with those

Conclusion
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Detectors

Required performance

Trigger less readout of full train: time stamping, multi-hit capacity,
filtering algorithms during reconstruction

High resolution pixel detector for displaced vertices identification:
p=1Gev Ogo ~ 20um
p =100 GeV Ogo ~ 5um

Momentum resolution:
o(pr)/p3 ~1075GeV ™!

Good jet-energy resolution (W/Z separation)
o(Ej)/Ej = 5% — 3.5% for Ej = 50GeV — 1TeV
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Particle Flow Paradigm

Jet energy:
e 60% carried by charged particles
e 30% by photons
e 10% by long-lived neutral hadrons
Particle Flow: reconstruction of the 4-momenta of all visible particles:
e momenta measured in the tracking detectors for charged particles

e energy measured in the calorimeters for photons and neutral
hadrons

= need for high precision tracking and high granularity calorimeters
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Motivations for CLIC

Si - Tracker

Physics Potential CLIC Detectors Bkg treatment Benchmarking the detectors Conclusion

Overview

CLIC-siD

Fe Yoke

Steel HCAL
Steel - HCAL
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Vertex detector optimization

Beryllium be: i
Stool beam pipe erylium beam pipe

20 x 20um pixel size

0.2% Xo material per layer (very thin)

Time stamping 10ns

Triggerless readout

Radiation level < 10" nggem2year~" <= 10*x lower than LHC
Challenging R&D project
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Detectors

Tracking in CLIC_SiD

e All silicon tracking
e Efficiency (or > 1GeV): > 99%
e Mom. resolution:
o(A(pr)/p3) <2-107°/GeV
Compatible with requirements
ﬂ | | | Hardware development to be carried

M out to demonstrate this.

| | | | | |
0 577 777 1063 1344 1629
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Tracking in CLIC_ILD

SET . e Time Projection Chamber
o Completed by silicon layers
e Efficiency (or > 1GeV): > 99%
TPC ETD
e Mom. resolution:
o (D (pr)/p}) ~ 21075 /GeV
2250 mm Compatible with requirements

SIT2—— .
SITIEWM Hardware development to be carried

FTD out to demonstrate this.
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ECAL
CLIC_ILD CLIC_SiD

Absorber/Active element Tungsten / Si Pads Tungsten / Si Pads

Sampling layers 30(20x2.1,10 x4.2) 30(20 x 2.1,10 x 5)
Cell size (mm?) 5.1 x5.1 3.5x3.5
Xp and A 23 &1 26 &1

< SiDd :
Composits part with 'S | esign:
metallic inserts
(15 mm thick) Metallization on detector
l — ~ Thickness frum from KPiX to cable Bump Bonds
A Kapton

Tungsten ‘d}acab‘e
e

EUDET ECAL concept

s//// isasmmcamposmw« Thermal conductive adhesive

e

(15 mm thick)

26/94



Motivations for CLIC Physics Potential CLIC Detectors Bkg treatment Benchmarking the detectors Conclusion

HCAL

Absorber (Barrel/Endcap) Tungsten / Steel
Sampling layers (B/E) 75 x 10mm/ 60 x 20mm
Cell size (mm?) 30 x 30 (SiPM), 10 x 10 (RPC)
M 7.5
ey view|
a0 ,
ot K
“
: ’ ‘.16‘00}409/‘.‘12‘;;‘:‘1&.,‘6

1000l ot Loy
2200 -2000 -1
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CALICE beam tests for W-HCAL

Validation of GEANT4 simulation for hadronic showers in tungsten

CERN 2010, 10 200 ns. lime‘window B

38 [ 2 15
“é 0.02f Z )TB%BS‘E?‘SERT HP,
o < —— QGSP_BERT
§0.015' £
Test beam period in 2010-2011 = 5
. . £ 0.01f o
Analysis ongoing S £
0.005 s
Q
b =
o . 7 s .
0 100 200 300 400 500 0 5 10
W-HCAL energy sum [a.u.] T3B tile index
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Background properties

Main problematic background: yy — hadrons

T T

Entire bunch train (312BX):

e 5000 tracks — total track
momentum: 7.3TeV

Particles/BX/0.2 GeV

=

o Total calorimetric energy
(ECAL+HCAL): 19TeV

Mostly low pr
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Bkg treatment

Timing cuts
c 11— c 1 ]
g 1 g 1
8 09f ] & 0.9 ]
L ] w [ ]
Sosl 1 Bosf 1
7] ] ] [ 1
& o-f Steel-Scint HCAL | G o7l W-Scint HCAL E
2 25 GeV K, ] 2 25 GeV K, ]
O osk — QGSP_BERT_HP ] O o6k — QGSP_BERT HP ]
T ] T QGSP_BERT ]
05"H‘\HH\HH\HH\HH’ 05HH\HH\HH\HH\HH’
~0 50 100 150 200 250 ~0 50 100 150 200 250

Time [ns] Time [ns]

Subdetector Reco. window hit resolution

ECAL 10 ns 1ns

HCAL Endcaps 10 ns 1ns

HCAL Barrel 100 ns 1ns

Silicon Detectors 10ns 10/v/12ns

TPC entire bunch train n/a

Additionnal timing cuts applied on reconstructed particles.
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Jet finder

ete” = 9p95 — qax%x’%: 2 jets -+ missing energy

Durham kt a la LEP: Hadron collider kr:

> T T T T >120F LI AL B I
8 100F " ee_kt algorithm . 8 [ kt algorithm with R=0.7 1
o r W" “'—‘*N ) 1 o100 No Cut T
[ Lk | i ] ™ [ it Loose Cut i
© sof b Y ] : 1 ]
- I | L] P‘ “| ] ~ 8ok Default Cut .
0 H I . 0 b # i —— Tightcut 1
D dy b P 1 Q ' "I 1
= A ‘. se0f [ .
c L 1 i 0', i 1 c r | 1
Wl 0 Y ! . Uk bk ]
[ il i # ] 4o ’5! “&'» B
+ [N hyh " E [ i ':,‘ ]
20 ot PR W b 20 “?P ", b
L ':V*:w RIRX f.‘“ . ] [ 3:» .gm ]
0'.;»;—;.|.,_~".|.'<;.£L_L|..'?\LJ..' oL 1 L e 1 L]

0 1000 2000 3000 4000 0 1000 2000 3000 4000
Evis [GeV] Evis [GeV]

® Much of Bkg clustered with beam axis

® Al particle clustered ® Timing cuts do less work

® Timing cuts effective
9 ® |mpact depends on event topology
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Background suppression

Motivations for CLIC

E.g. efe” — HTH™ — tbbt:

N? ;l"JFt:V Tight timing cuts:
10ns window

Using timing cuts and jet finding removes most of the background

DA
33/94
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Benchmarking the detectors

Benchmark channels

The benchmark channels used to assess detector performance:

ete” — hv,Ve,h — utu=,h — bb (CLIC_SID),
ete” — HYH™ — tbtb(CLIC_ILD),

ete — HPA — bbbb (CLIC_ILD),

ete” = 9p95 — qax%x’ (CLIC_ILD),

ete” — 00 (£ =e,u,V,) (CLIC_ILD),

efe” = 25,07 = WHw—x% %% (CLIC_SID),
ete” — x%x% — hhx% x% (CLIC_SID),

ete™ — tt (500 GeV, CLIC_ILD).
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mis-tag rate

<
c
o
=1

Muon reconstruction efficiency

0.

Physics Potential CLIC

Detectors

Bkg treatment

Benchmarking the detectors

SM Higgs decays
Flavour tagging (h — bb):

T T T T
— light jets: with background
light jets: no background
—c-jets: with background

--- c-jets: no background,

g
Vs

L 2 L L L
4 05 06 07 08 09 1
b-tag efficiency

mis-tag rate

10?

reconstruction efficiency (h — pu):

[

0.95

4
©

o
©
o

o
©

[ Py w% P T . T T
;5; § ? *%E;g{‘%@ﬁ%
[ i = no background
= withyy — hadrons
0 2‘0 4‘0 6‘0 ‘

80
8,

T T T
—light jets: with background
light jets: no background

— b-jets: with background
b-jets: no background

! !
02 04 06 08 1
c-tag efficiency

Conclusion
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SM Higgs decays

) _. H - bb signal
g 12000 F[7] sM background B
10000 F E

Events / 0.5 GeV

0
105 110 115 120 125 130 135 0 50 100 150 200
Di-muon invariant mass [GeV] bb invariant mass (GeV)

Cross section measurements:
* 0(0,_p5)/0h_pp = 0.22% stat.
® 0(Ohyupt)/Ohospyput+ = 15.7% stat.
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Physi

Entries / 2 ab™

Entries / 2 ab™*

50

cs Potential CLIC Detectors

Bkg treatment Benchmarking the detectors

Heavy Higgs: H°A — bbbb, HTH~ — tbbt

TR
600 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?)

Entries / 2 ab?

B
N oA OO®ON
o © O © & o

oLH A e
600 800 1000 1200 1400

=

Di-Jet Invariant Mass (GeV/c?)

=z | =) rel
600 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?)

Entries / 2 ab®

[
a
=)

[y
o
=)

uran ]

Wz

600 800 1000 1200 1400
Di-Jet Invariant Mass (GeVi/c?)

Statistical accuracy o(M)/M ~ 0.3%.
= Evaluation of b-tagging and high energy jet reconstruction

Conclusion
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Benchmarking the detectors

Squarks: eTe” — qpqp — gax % x°;

Used for jet and missing energy reconstruction studies (see

background treatment)

Measuring Mc = /2(E1 E2 + p1.p2

) Mmax — mq X .
] C rna .

M acev

Entries / 20 GeV
[e)]
o

5 T T — T
80 I " with BDT cut  —
I . M Signal
II |

qqw E

500 1000 1500

Selection cuts applied

2 _m2

From template fit using 2ab~" (~ 4
years):
o(mz)/mg  0.5%
o(xsec)/xsec 5%

Very high stat. precision!
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Sleptons: eTe™ — E?(K =e,1L,V.)

Probe of lepton ID and reconstruction

Selectrons Smuons
w ==
200 FiSsB(Data) BUIG), events: 5750 J4) e
= Mé,= 100013+ 668 c 100 —— ata)-B(HO), events: 2845
ko] Mz’= 33619 558 %% ndi 78.4 /45 g ne 1429+ 5,57 "
tsob i 1Y e } T 1
100} | ) H)H sop H ]
40 ]
s0f ] i
20f 3
i .
0 L L 1 O L ) ) ) ]
0 500 1000 1500 2000 e e e 3000

E GeV

E [GeV]

Mass obtained from the end points

Events

Sneutrinos

150}

100f

e
ata)-B(NC), events: 3425
96,44+ 388

M= 64475+ 3.6,/ ndi 35635

! L 1

500 1000 1500 2000
E [GeV]
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Sleptons: eTe™ — E?(K =e,1L,V.)

With 2ab™":
process o(xsec)/xsec  o(my)/my;
ete” = fiplg — utu %7 2.8% 0.6%
ete” »epep —ete % 2" 0.8% 0.3%
efe” = V.V, — e*ei)ﬁ:}?f ~2.4% ~0.4%
efe” —ee, —ete x%2% ~7.0% -

Very high stat. precision!
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ete = 25T = WHw %%

Entries

600

400

200

Physics Potential

CLIC Detectors

Bkg treatment

Gauginos

T

CLIC_SiD

—— AllPFOs, noyy - had.
— AIIPFOs
—— Tight selected PFOs

T

o

50

100

150 200
M(W?) [GeV]

Test of jet energy resolution

0 andete” — x%x% — hhx% x%

100}

Benchmarking the detectors

80F"
60

”,1 [ eV]

Conclusion

4gL—ti
20 60 80 100 120 140 160
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Benchmarking the detectors

Gauginos
0 T T I T T
é 200 INeutraIino 4 % 200k INeutralino 3
i} ISUSY w ISusy
150 Esm 150 F =sm ]

0
0 200 400 600 800 1000 1200
i GeV]
%) T T %) T
2 ICharg\no L3001 IChargino T
|_|C_| 400 ISusy UC_| ISusy
300 isM 200 7SM .
200
100 q
100
0

0 200 400 600 800 1000 1200 20 40 60 80 100 120
i ij [Ge\/]
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Benchmarking the detectors

Gauginos

Parameter 1 Uncertainty Parameter 2 Uncertainty

M(%) 6.3GeV  o(¥ k) 2.2%
M(j?) 3.0GevV  o(¥ i) 1.8%
M(%?) 7.3 GeV o(X3x%?) 2.9%
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Top physics at 500 GeV

Needed change in design of the vertex detector region

Semi-leptonic decay: Fully-hadronic decay:
?‘;1200 — — ?1500 - -
oN - 4 o~ - 4
1000 E =z [ ]
” - — 7] - g
£ so0f E 2 1000~ -
5] s ] 5 L ]
600 - 3 r ]
400 — — 500 — —
200 — i i
° - ] o - y f rr]
fg Bg b It Wy
=}
§§ oH 11y i 71 ES Mty I g
s “pi Tt o A 2o th T N, 1LY
100 150 200 250 100 150 200 250
top mass [GeV] top mass [GeV]
Top mass (GeV)  Top width (GeV) Top mass (GeV)  Top width (GeV)
174.28 +0.09 1.55+0.26 174.07 +£0.08 1.33+0.22
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Conclusion

Overview

Introduced the CLIC machine
Presented the CLIC detectors concept

Assessment of the physics potential of a future multi-TeV ete™
collider was made, specificaly at 3TeV

Physics signals with mass scale 100 — 1500GeV can be
extracted with good precision

Shown that it's possible to deal with the beam-induced
background

CDR physics and detector study part of a world-wide effort, broad
international participation

Further in-depth studies and hardware R&D for the CLIC
detectors are forseen: more detailed simulation, different c-m-e
studied

Follow up of LHC results



Conclusion

Signatory list

You are cordially invited to subscribe to the CDR Signatories List:

e If you have made contributions to the CLIC accelerator or the
Linear Colliders Physics and Detector studies, or intend to
contribute in the future,

OR/AND

e [f you wish to express support to the physics case and the study
of a multi-TeV Linear Collider based on the CLIC technology, and

its detector concepts.

https://indico.cern.ch/conferenceDisplay.py?
confId=136364
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Software

Generation

Use WHIZARD:
e Computes proper matrix elements at tree level (OMEGA)
e Explicit up to 6 fermion final states
e Handles SUSY (LesHouches)
e Writes out stdhep (format used for simulation)
e Common for the 2 detectors
Use PYTHIA for tt, WW, ZZ as final states in WHIZARD have no width
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Software

Simulation

2 detectors — 2 sim software

e Mokka (ILD): Calls G4, Detector geometry obtained from MySQL
DB (!!)

e SLIC (SiD): wrapper around G4, detector geometry imported
using compact XML

e Both use the LCIO event format
Frameworks are going to be merged eventually, work ongoing
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Backup Software CLIC Physics potential Detector requirements Detector design Benchmarking the detector

Handling background in the software

Yy bkg overlayed on top of simulated events

Simulate the bkg separately

For 1 signal event, read N events of bkg (Poisson distribution,
U =3.2) x 60 BX

Merge the clusters

Save the resulting collections (containers)
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Backup

Software CLIC Physics potential Detector requirements Detector design

Reconstruction

As for simulation: 2 frameworks
Marlin (ILD): C++
e org.lcsim: JAVA

Usual modular algorithm/tools structure (e.g. GAUDI)

Use the LCIO event format

Benchmarking the detector



Backup Software CLIC Physics potential Detector requirements Detector design Benchmarking the detecto

Using the GRID: ILCDIRAC

Grid production tool based on DIRAC

e Extented to fit the CLIC study use case: application handling,
data, etc.

e > 4million jobs in 1 year
e Now also used for the ILC_SiD studies
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Backup Software CLIC Physics potential Detector requirements Detector design Benchmarking the detector

Accelerator complex

797 klystrons 3 797 klystrons
15MW, 139ps | | | circumferences | | | 15MW,139ps
; delay loop 73.0m
drive beam accelerator CR12922m drive beam accelerator
CR24383m
2.5km 2.5km
delay loop [ > <| delay loop

Drive Beam :
decelerator, 24 sectors of 876 m
AN

N\
occ TS LYY, - - T —T—s.
Yy _BLY BDS BDS ™
2.75 km! 2.75km
TA e~ main linac, 12 GHz, 100 MV/m, 21.02 km P e* main linac TA

48.3 km
CR combiner ring
TA  turnaround

DR damping ring
PDR predamping ring
BC bunch compressor booster linac, 6.14 GeV
BDS beam delivery system
IP  interaction point

B dump

e injector,

e* injector,
2.86 GeV

2.86 GeV
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CLIC

CLIC numerical properties

Acceleration field

RF frequency of the main linac
Beam focusing at IP

Charge per bunch

Bunch interval

Bunch per train

Linac repetition rate

Beam power

Normalized vertical emittance
Vertical beam size (IP)
Horizontal beam size (IP)
Total power consumption

100MV/m
12GHz
68um
3.7 x10°
0.5ns
312
50Hz
14MW
2x 10 ®mrad
1nm
40nm
560MW
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Backup

Detector requirements

Detector design

Benchmarking the detector

Beam-induced background

Software CLIC Physics potential
1f T
-uc']; E — Coherent Pairs

S0t — Incoherent Pairs
S — Trident Pc?lrs E
5 — Yy - Hadrons ]
10
10° 3
10% 3
10° E
10-6 N H -

Il Il

0 500 1000 1500

Energy [GeV]

)
< B

._\
QU

Particles [1/BX]
=
(@]

; T =
— Coherent Pairs ]
— Incoherent Pairs ]

— Trident Péurs
——YY - Hadrons

Il
103

Il
102

Beam halo muons estimated to be ~ 1 per 20 BX: neglected
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Beam Polarization

Not studied in this document, planned for volume 3.
Polarized electron beam up to 80%.
Polarized positron beam ~ 30% planned for a later stage
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Detector design
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Software

CLIC

Physics potential

Detector requirements Detector design Benchmarking the detector

Higgs production

t < P
e t et 7
10l ‘ ] g T
E E\ E Hv.v, E
x E > HZ X102 4
T 10 Hv.Y i T He'e 3
. ! , ! 10 ¢ E
(] [} E
+ . + E
o 1 o Hz ]
5] F 6 1 HHV,
101 - . i ttH j
\ 10 HHZ
10»2 ] 1 1 1 10—2 L 1 I 3
100 200 300 40 500 200 400 600 800 1000
M, [GeV] M, [GeV]
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Physics potential

Higgs sensitivity

® guuu: 15% for 4 years
® Ji_bp- 0-22% on ¢ x B. Theoretical uncertainties are
dominating: +2 — 4%
® OH .cc: 3.24% on o x B. With theoretical uncertainty: =3 — 6%
Other searches:
e Trilinear couplings: eTe™ — VeVeHH (WW fusion)
e Anomalous Higgs couplings
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Software CLIC Physics potential Detector requirements Detector design

SUSY Models

Benchmarking the detector

- SUSY Model 1 ) SUSY Model 2
i 120 GeV Higgs Hggs i 120 GeV Higgs Higgs
e — e
102 107 —  charginos
squarks squarks
sm —
0,0, — e,
£ 10t neutralinos | € 10 —  neutralinos
s g
£ 100 8 10°
10! 107
107, .l 107, -
500 000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
/¥ (GeV) 5 (Gev)

Precise measurement of fundamental parameters
Tests of the high-scale structure of the theory (GUT)
Testing the neutralino dark matter hypothesis
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Physics potential *

Detector requirements

Detector design

Benchmarking the detector
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Software

CLIC

Physics potential

Detector requirements

Detector design

Track momentum resolution

o
~

Arbitrary Units

o
[ )
T T B R

—— no smearing

— 0, /p3=2x10°
2_ -5

—_ GPTIPT_SXN

ZH- prpX

opT/pizlxlo'4

.
g

S b b L

L

100

150

200 250
mrecoil [GeV]

[%]

3(o x BR)

20

10

T
2ab?

A

Fast simulation

Full simulation

10°

10° ) 10* .
o(ap,) I p; [GevT]

Benchmarking the detector
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Jet energy resolution

%] r L 2U [ B 1
< r —o0, /m=1% A o [ a
> r — oﬂm = 2.50% 1 > 0.0157 )
> 6 —o,/m=5% | T H 1
© [ —0,/m=10% | r 1
aQ r 1 0.01 B
< 4 ] ‘ ]
[ l — no smearing ]
2l i 0.005[ — o /E=3% 7
| 1 — O /E=5% ]
i 1 — G /E=10% 1
Oi s R ] OH‘\H‘\H‘\H J

60 70 80 90 100 110 120 400 600 800 1000 1200
Mass [GeV] M. [GeV]
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Detector design

Benchmarking the detector
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Backup

Detector requirements

Vertex detector

Software CLIC Physics potential
-3
x10

< 10
g incoh. pairs, fast sim.
é 8 »  incoh. pairs, full sim.
E, —— YY - hadrons, fast sim.
fg 6 o yy - hadrons, full sim.
I

4

30 40 50 60 70
Radius [mm]

Detector design

=
Q
[}

Hits [1/mm?/BX]
S)

104

Pairs
—e— Disk 1/2: Z= 160
—e— Disk 3/4: 2= 207 ]

—e— Disk 5/6: Z= 255 |
yy - Hadrons
—e— Disk 1/2: Z= 160

" | " |
80 100
Radius [mm]

Benchmarking the detector
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Measured Points in Silicon

Software CLIC Physics potential Detector requirements Detector design

Tracking detectors:

ILD TPC

Benchmarking the detector

— 005
1 s X s
] < b — before ECAL
{0.8 O 0.4 I —after TPC 7
1 & [ — before TPC
J06 © 0.3 ]
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Jo4E  02f >
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:_L‘ ] g
w102 5 0-1: ]
L 1 5 L
0 0 O 0
90 80 70 60 50 40 30 20 10 O 90 80 70 60 50 40 30 20 10 O

o[

]
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Voxel occupancy [%]

Software CLIC

30

20

10

Physics potential Detector requirements Detector design Benchmarking the detector

Occupancy in the TPC

LI L B B = L L B L L
2 > I 2 ]
1x6 mm® pads — 30} 1x1 mm* pads —
—— All backgrounds > F —— All backgrounds g
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o I ]
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10 b
o
> I ]
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Backu

o pT/Pi(Mc)) [EeV‘l]

A
hey
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Q
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p Software CLIC Phys|

cs potential

Detector requirements

Detector design

Tracking performance in the TPC

Benchmarking the detector

F ‘ T ‘ g’
31072 3 zosg\e/v E E
"g - 200 GeV Em’a— 4
N&noﬁf i NE_._
%-10747 ' 1 %—1074, i
10 1%1 [GeV] 0[] ' 10 1;:?T [Gewcl]0
Single muons tt events
0 [°] alGev] b
10 8.19-107* 9.07-107%
-5 -3
o(Apr/p3) = a® — 20 9.86-10 3.83-10
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Tracking detectors: SiD silicon layers

.(g F 1 < 0.3 n

T 12f ] 5] 0.25 [ — A before ECAL E
S 10F N

- 10p 1 x E — X, before ECAL

© 0.2 0 E
g — Al b

S —— Tracker Barrel 0.15 3
Z - |—— Tracker Endcap ] :

8
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— Tracker Forward|
4 | — Vertex Barrel
2
0
9

—— Vertex Endcap

E 0.05f

I 1 1 L 1 I . 0’ 1
0 80 70 60 50 40 30 20 18[0? 90 80 70 60 50 40 30 20 é0°0
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Tracking performance in CLIC_SiD

Single p
-0:8=90°
-2-0=30° -

-, Lo 0] alGev b

: 90 7.3-10% 2.0.10°3
30 19-10° 3.8-10°3
10 4.0-107% 5.3-10°8
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Backup

Software CLIC Physics potential Detector requirements Detector design Benchmarking the detector
Calorimetry
Material Ar[em]  Xo[ecm] A1/Xo
Fe 16.77 1.76 9.5
W 9.95 0.35 28.4
E;,e=250+20 GeV cos 0<0.7
s> 0y T T = T ™ T
é L material W,oge 1 = , Z- uds, jet energy: |
g C q w 4 455GeV
S 008 v  tungsten 20cm | w
g -m- tungsten 15cm ]
T tungsten 1.0cm - ©
A“f 0.06— —e— tungsten 0.5cm | 5 r
ok ] i
EJ,E 0.04 a af
g ool [
T C ] 3r
] S T P B | C
50 100 150 200 250 4 6 8 10
length [om] Number of A's in CLIC HCAL

77/94



Backup

Energy Resolution [%]

Software

751

70F

- o

65
60
55

500

CLIC Physics potential

Detector requirements

Timing

a) Steel Absorber

20 GeV K,

1

102

ECAL/HCAL Timing Cut [ns]

Energy Resolution [%]
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o
o

80

(o2}
o

40

Detector design

T T RN |
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1

10%

103
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Benchmarking the detector
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Detector requirements

Detector design

CALICE results
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o(E)/E

0.2

0.15

0.1

Benchmarking the detector
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CLIC Physics potential

Calorimeter performance
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Detector requirements

Detector design
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Benchmarking the detector
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Resolution vs timing in calorimeter

'? :I T T T T T T T T T T T :
S 7F CLIC_ILD .
i —=—no cut ]
~% 6z -=—default cut
=2 N —— |loose cut ]
8 5 o —— tight cut =
S E ]
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u— 4fes b
3 r e B 8 ]
U)m 3 L B é g -
= r ]
o C 1
2 1 PR N S S TR SR N ST S S S |
0 500 1000 1500
E, [GeV]
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Detector design

Magnets

Nominal magnetic field  Free bore  Magnetic length ~ Cold mass weight

(T) (mm) (mm) (tons)
CLIC_SiD 5.0 5480 6230 170
CLIC_ILD 4.0 6850 7890 210

Similar to the CMS solenoid in design

Aluminium stabilized superconductor

Multi-layer and multi-module coil

Helium cooling
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Muon system

Installed in the return yoke of the magnet

5591

461

3581
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Efficiency

Efficiency

Software CLIC Physics potential Detector requirements Detector design Benchmarking the detector
T T T T T T T T AR E ma T T T T T
4t 5 t e
- gy ++-§—’--f—f- S s T ++
0.
0.
0.
+ 0.
“+ — Isolated muons 0.
=+ Muons in jets 0.
T R o O R R
Polar angle 8 [°] Polar angle 8 [°]
T T T T T T T T T T > T T T T T T
-+ £ T
AR R TR 3 PR T

03

0%

L L
100 120 140 160 180 200 220

Energy [GeV]

© oo o0 oo o

W
100 120

L L
140 160 180

200 220
Energy [GeV]

84/94



Backup Software CLIC Physics potential Detector requirements Detector design Benchmarking the detector

Very forward calorimeters: LumiCal and BeamCal

e LumiCal: measurement of the luminosity

e BeamCal: fast estimation of the luminosity and tagging of high
energy electrons

Both are electromagnetic sampling calorimeters, using W as absorber

R
B

£
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Physics potential *

Detector requirement§

Detector design

Benchmarking the detector
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Luminosity spectrum measurement

5102 F
B ,
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F — Guinea Pig

—— Fitted parameters
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Detector requirements

Detector design

Benchmarking the detector
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Impact on physics observable very small.
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Detector requirements

Detector design

Particle ID performance

Software CLIC Physics potential
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Efficiency

Detector requirements

Detector design

Particle ID performance: Muons

Software CLIC Physics potential
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Electron energy resolution

Effect of the yy background:

£ 300 —t— Vo et e 7 Without vy N a —— Vet e ) 7, Without vy
% —— Vo e e Withyy g 150 Voo € L, Wihyy 7
> >
L Ll
200} N E 100
~i |
100 J i{ B 50
[,
0 L L A %1073 0
02  -01 0 0.1 0.2 02 -01 0 0.1 0.2
AE/E? [GeVY AE/E? [GeVY
Core

AE/E? =~15x107°GeV ™"
Tails: AE/E? =5—-8x 10 °GeV ™'
Bump due to failure in recovering the Bremstrahlung and FSR photons
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Detector design
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Benchmarking the detector
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y [um]

Software CLIC Physics potential

Detector requirements

Detector design Benchmarking the detector

Primary vertex position resolution
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Flavour tagging

LCFI collaboration, uses ZVTOP vertex finder and multi-variate
method (NNET)

=
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Events

Events / 2 GeV
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R S =) E= 9aC
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Flavour tagging

H—bb H-—cc
Signal purity 65.4% 24.1%
Signal efficiency 54.6% 15.2%
cross section
statistical uncertainty 0.22% 3.24%

Benchmarking the detector
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