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Overview:

* Precision SM Higgs measurements
* Prospects for BSM physics

» Usage of WHIZARD 2 for
CLIC physics benchmark studies
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Reminder: CLIC energy stages

CLIC would be implemented in stages:

« Optimised running conditions over a wide energy range

» The energy stages are defined by physics (with additional technical considerations)
— The strategy can be adapted to discoveries at the LHC at 13/14 TeV

Example scenario assumed for this talk: New CLIC staging baseline

« Stage 1: 350 / 380 GeV, 500 fb" — see talk by Lucie Linssen
oM Higgs physics, 350 GeV 1.4 TeV 3 TeV

tt threshold scan — see talk by Roman Poeschl

S 1z ]

=100F P ' HHX '

« Stage 2: 1.4 TeV, 1.5 ab” S | : :

Targeted at BSM physics, — Higgs o 107 : 3

rare Higgs processes and decays zad g 10;5 * ?

L _ O X : ;

- Stage 3: 3 TeV, 2 ab" charginos 5 4| ]
Targeted at BSM physics, , e

rare Higgs processes and decays —SM 107g 17 3

R VT, Vu, Ve 10_2 [ L P ) LA ! ]

(each stage corresponds to 4-5 years) _—— rautralinos 0 1000 2000 3000

Vs [GeV]
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Detector benchmark studies

 Studies in this talk
obtained using the

CLIC_ILD and CLIC_SiD CLIC_SiD

|
detector concepts \II '
i
* New CLIC detector P ]
concept in preparation £ w _ I
More details — see talk : !
by Lucie Linssen :
. . . O T T Sherent Pairs ]
» Pile-up from yy — hadrons interactions 2 jorf  TiGe: Pairs. -
overlaid to the physics events g 10°F vy nacrons
- « 1.3(3.2) events per BX at 5 12: IR
/Y qd| 1.4(3)TeV i 1 i ]
- Suppressed using timing o o
capabilities of the detectors T
v/vE q| and hadron-collider type a0 10° 107 ot
. . ra
jet algorithms BX = bunch crossing
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CLIC Higgs capabilities:

 Single Higgs production
* Processes at high energy
» Combined analysis

[all results as shown at LCWS14, http://Icws14.vinca.rs]
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Single Higgs production at CLIC
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Single Higgs production at CLIC

o ~ log(s)
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fusion
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Some numbers

g (I:LIICinn;gIeIHi;:;gls plroc;ucltiolnI o

350GeV  1.4TeV  3Tev F°P[  —ee-mi-mcy T

1 1 1 -8 I —e'e — Hv:VZ: \s=1.4TeV ]

Lint 500 fb— 1.5 ab™ 2 ab™ 2002k —— €% — Hvg¥,, (s =3.0 TeV
# ZH events 68 000 0000 000 ~ "}
# Hv.V, events 17000 370000 X_830000 :
# He'e™ events 3700 37000 84 000 0.01l
O(;' ~ s 100 150
 Large samples of Higgs bosons produced at CLIC 0(H) [deg]

» Measurements at high energy benefit from good detectors in the forward region

Polarization Enhancement factor
* Benchmark studies assume Pe™):Plet) ete” —ZH |ete” — Hv e
unpolarised beams -
unpolarized 1.00 1.00
—80% : 0% 1.18 1.80
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Higgsstrahlung at 350 GeV (1)

Higgsstrahlung process ) e'e” — ZH — p'p'H

% T T T |
= . —+ Input total
G>) 250 - — Fitted total
L - — Fitted signal
200 - m ---Fitted background -
150 cLic -
s00k 350 GeV |
50 -\ ] E
' ] N
0 . A
100 150 200
|Vlrecoil [GeV]

HZ events can be identified from Z recoil mass
— model independent measurements of the g __ coupling

Ao, )/o,, =4% —NA9,,,)/ 9, =2% fromZ—pyandZ—e'e

HZZ
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Higgsstrahlung at 350 GeV (2)

Higgsstrahlung process _ e'e” — ZH — qgH
~ 200
)
O 180l CLIC ;
3 350GeV;

€160 -

70 80 90 100 110 120 130
mqq/GeV

 Substantial improvement using hadronic Z decays
» Challenge: Z — qq reconstruction may depend on Higgs decay mode
« Even extreme variations of the SM Higgs BRs lead to bias < V% stat. error

Alo) /o =18% —A(g,,.)/9,,,~0.9% from hadronic Z decays
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o X BR measurements at 350 GeV

Measurement Observable Stat. precision

o(HZ) x BR(H — T*_T') 92sz92HTT/ r, 6.2% g
o(HZ) x BR(H — bb) 9° 9%, /T, 1% (estimated) S
o(HZ)xBRH —>cc) ¢ g’ /T, % (estimated) m§
o(HZ) x BR(H — gg) 6% (estimated) £ 2
c(HZ)_x BR(H — WVV_*) 9,9 ! T 2% (estimated) % ‘_é_
o(Hv v )xBR(H—bb) ¢* g° /T, 3% (estimated) < S

In addition: BR(H — inv.) < 0.97% at 90% C.L.
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Measurements using Hv v_events

Large Higgs samples produced

in WW quion at high energy: b, c, g, WH, ..
— Precision measurements of 0 x BR r.bc.a W
— Access to rarer decay modes
Measurement Observable Stat. precision (1.4 TeV) Stat. precision (3 TeV) "
o(Hvv)xBRH—-T1T) & o /T 4.2% tbd %
O(HVV)xBR(H—bb) ¢ g /T, 0.3% 0.2% §
G(Hveve) x BR(H — cc) 9 9 ! T 2.9% 2.7% .g
o(Hv v ) x BR(H — gg) 1.8% 1.8% T
— o
o(Hv v ) x BR(H — u") ngWWngW /T, 38% 16% 2.
o(Hv V) x BR(H — yY) 15% thd E,
o(Hv v ) x BR(H — Zy) 42% tbd =
o(Hvv)xBRH—ZZ) ¢ g /T 3% (estimated) 2% (estimated) §
o(HV V)X BR(H — WW*) g* /T 1.4% 0.9% (estimated) <
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Other processes at higher energy

. ttH production:
*H maximum at
around 800 GeV

e t
o [
X< 10°
I -
f 10 ¢
(O -
+qJ B
T T
10-1 | /
10-2 _I ” L |/ /| | L L ! ! | L L ! ! |
0 1000 2000 3000
\'s [GeV]
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Other processes at higher energy

. ttH production:
*H maximum at
around 800 GeV

e~ t
= e_
O 3
< 10° — Double Higgs production:
f : {_——"requires high energy
10 ¢ :
Q0 F ot v
T 1F
: H
107 F / :’
N "~ H
10-2 ] “ 4 T N I T T T N N T TR TR T |
0 1000 2000 3000
\'s [GeV] e Ve
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The ttH final state at 1.4 TeV

— The ttH cross g [ TR T
section is directly <10
sensitive to the top ! 1ol
Yukawa couplingg,, © ¢
e~ t 5 _
107 F
10-2|‘./]/.|.i...|....|
Investigated final states: 0 10002000 [G‘;‘{‘,’]"
“6 jets”: t(—qqb)t(—Ivb)H(—bb)
“8 jets”: t(—qqb)t(—qgb)H(—bb) 1 A
— Four b-quarks in the final state ‘010° 1,
c 10 ;\:\? \ NART
Combination of both final states: %10_1 NN MO ii:::;{;
Ao(ttH) / o(ttH) = 8.4% T2 - 4y i, # 5.
— 10° ¢ tt x 0.01
- AgttH / Qi = 4.5% 10 k tiob
N S SN ,\1

BDT response
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Double Higgs production at high energy

et Ve ot Ve 1.4 TeV 3 TeV
2 , ' —1 ]
_H _H gmﬁ— " :
—‘\ ~ 1\ 10 :— /r—/—_—i—_
~H ~ H 'O 1]
o C I
% 1E — 7
e~ Ve e Ve - - 1]
101 | TSz
» The HHv v_cross section is LT I 1 A L
L., of . . 0 1000 2000 3000
sensitive to the Higgs self coupling, A, and s [GeV]
the quartic HHWW coupling
» Only 225 (1200) e’e” — HHv v_events at 1.4 (3) TeV
— high energy and luminosity crucial
Measurement 1.4 TeV 3 TeV
A9, ) 7% (preliminary) 3% (preliminary)
A(MN) 32% 16%
A(\) for P(e") = -80% 24%
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CLIC Higgs studies

Statistical precision

Channel Measurement Observable 350GeV  14TeV 3.0TeV
500fb~! 1.5ab"! 2.0ab”!
ZH Recoil mass distribution my 120 MeV — —
ZH o(HZ) x BR(H — invisible) Ty 0.6% — —
ZH H — bb mass distribution my tbd — —
Hv,v, H — bb mass distribution my — 40 MeV* 33 MeV*
ZH o(HZ) x BR(Z — £147) Sz 4.2% - -
ZH o(HZ) x BR(Z — qq) . 1.8% - -
ZH o(HZ) x BR(H — bb) 8hzz8%0/TH 1%" - -
ZH o(HZ) x BR(H — ct) 8s78%../TH 5%" — —
ZH o(HZ) x BR(H — gg) 6% — —
ZH o(HZ) x BR(H — 1717) 87785 /Th 6.2% - -
ZH o(HZ) x BR(H — WW*) S 8hww/Tn 2% — —
ZH o(HZ) x BR(H — ZZ*) 84778%477/TH tbd — —
Hv,Ve o (Hv,Ve) x BR(H — bb) Shww&ms/TH 39%" 0.3% 0.2%
Hv,ve  o(Hv,V.) x BR(H — ct) Shww&hice/TH — 2.9% 2.7%
Hv,V. o (Hv,Ve) x BR(H — gg) — 1.8% 1.8%
HvpVe o(HVVe) x BRH—1t"1")  ghww&i./TH — 4.2% tbd
Hv,V. o(HvV%) x BRH = u'u™)  ghww8h,/TH — 38% 16%
Hv, v, o (Hv,Ve) x BR(H — vy) - 15% tbd
Hv,Ve o (Hv,Ve) X BR(H — Zy) — 42% tbd
Hv,Ve o(HvVe) x BRH - WW*)  gfww/TH tbd 1.4% 0.9%"
Hv,Ve O'(Hv Ve) X BRH—ZZ*)  ghww8&hzz/TH — 3%* 2%
Hete~ o(Hete )xBR(H—bb) gl 8%,/ — 1%* 0.7%"
ttH o(ttH) x BR(H — bb) i/ TH — 8% tbd
HHv,V. o (HHv V) SHHWW — 7%* 3%* .. ..
HHvv. o(HHvv.) A - 32% 16% : preliminary
HHv,ve with —80% e~ polarization A4 — 24% 12% T- estimated
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Putting it all together

| ?

= T ! Parameter Measurement precision =
w CLIC preliminary o 350 GeV ™
S 4L model independent  _ *°" T | 350GeV  +14TeV +3.0TeV ©
o . +3Tev 500fb~!  4+1.5ab"! 42.0ab"! 5
.‘_:U' =7, gH77 0.8 % 0.8 % :
o SHWW 1.3 % 0.9 % 0.9 % -
1% o

g = ZHbb 20%  1.0% 0.9 % e
S SHee 3.2% 1.4 % 1.1% O
s | 8Hee 3.7 % 1.7% 1.5% s
° ZHu = 141%  56% 2
&Htt — 4.1 % < 41% S

0.9 - o
. 3.6 % 1.2% 1.0 % Q

Shr - 57%  <57% S

Ty 5.0% 3.6 % 3.4% 'g

)

X

o

't

* Fully model-independent, only possible at a lepton collider
* All results limited by 0.8% from o(HZ) measurement
» The Higgs width is extracted with 5 — 3.5% precision
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Analysis similar to LHC experiments

| ?

= | 0 350GeV Parameter Measurement precision =
D 1050 CLIC preliminary O +1.4TeVv _ ™
oS " model dependent ® :3TeV 350GeV  +14TeV |+3.0TeV -g
0 500 fb~'  +1.5ab~! |+2.0ab"! =
b= | =25% ] I R S R B R P _ <
= Kizz 0.44 % 0.31 % 0.23 % -
> | Ayl j | Kiww 5%  017% | 0.11% -
= | T+ + L4 Kibb 1.7 % 0.37 % 0.22 % c
= T 1 Kee 3.1% 1.1% 0.75 % 2
3 - I | I Kiize 3.7 % 1.5% 1.2 % ?
Iy c |t b W Z |g K - 14.1 % 5.5% =

i KHtt - 40 % S 40 % 3

095 M4 Y Kigg 3.6 % 0.79 % 0.55 % g—
Kiyy - 5.6% <5.6% S

Timd.derived  1.6% 0.32 % 0.22 % ‘g

O

X

. . °

r No invisible d _ Sub-percent precisions ®

" TSM | Timode = Y K7 - BRI — Results strongly dependent
l i on fit assumptions
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What's next for Higgs physics?

* Single Higgs production: addressing a few channels not covered so far
(e'e” — Hv v — WW* v_at 350 GeV, H — yy at 3 TeV, ZZ fusion at 3 TeV)

* Reanalysis of double Higgs production: add the HH — bbWW* final state
(40% more events compared to HH — bbbb alone)

e e e R

* Looking at differential distributions: - ¢ pp, HoZZ :
example: CP properties of the Higgs boson 0% e o
- using fiHl events: 10° 2NN 4 ______________________________ :
extension of top Yukawa coupling study 5107 ;'P S R S e R
S "i L €€, ZH -

- using WW and ZZ fusion events: ___—% 107 - PP, ""VBF"&VH """"""""""""" T
large statistics at CLIC promising AE N N N B R .

S 0 S N Y O

Pb 1y, Pog e €3 es
Tey P44 1a), € 2500 € 350 00 To
e 300&" 3000)‘;:v 25, fbev 350;; v 500" 1000,

Snowmass Higgs WG report, arXiv:1310.8361
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Prospects for BSM physics:

* Direct searches (example: SUSY)
» Sensitivity of precision measurements
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Prospects for BSM physics

 Two approaches:

1.) Pair production of new

particles if M < Vs / 2

— CLIC especially attractive for > i

electroweak states

— Precision measurement of new particle

masses and couplings

Many examples of SUSY particle production studied for CLIC CDR

2.) Indirect searches through precision observables
— possibility to reach much higher mass scales

One of the priorities for future benchmarking studies

17/03/2015 Philipp Roloff
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Investigated SUSY models

‘ | 120G;VHiggs | | ‘ | IZOG;VHiggs | | it 120 GeV Higgs
% 10" % 10! | % 10 /L’i
£ 100 £ 100 g 100 / P
7‘i§§
107} 107} 107 f I 1
G,’ 7
10° 0 560 10‘00 @l(s‘eogv) 2600 2500 30 10 0 560 1000 VZI(SL?SV) 2600 25|00 30 10° 0 560 ldOO @1(5'602\/) ZdOO 2500 3000
CDR Model |, 3 TeV.: CDR Model Il, 3 TeV: CDR Model lll, 1.4 TeV:
e Squarks « Smuons, selectrons « Smuons, selectrons
* Heavy Higgs » Gauginos « Staus
Higgs « Gauginos
— T,[L,€
—— charginos
— squarks
T 5"" ,, Wider applicability than only SUSY: Reconstructed particles can be
classified simply as states of given mass, spin and quantum numbers
— neutralinos
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Reconstruction of SUSY particles

I . — 160 —————————T
Endpoints of energy spectra: S bR aiem WM® et reconstruction
o s N v 140
2 —— o T T ) : - S Precision on the
c 100 Fit:S+B(Data)-B(MC), events: 2845 ~ . ) g -130
2 NS m(fir) : £35.6GeV 2. measured gaugino
80 ] m(€r) : £2.8GeV & 11  masses
60 CDR m(¥,) : £3.9GeV 6ol ~WW e —~hz i1 (few hundred GeV):
[ ] ~0y\ . XX_) *« n 1-1.5%
40p B m(¥;) : £3.0GeV %% 60 80 100 120 140 160 °
20:_ _: m( )z-]l-) . i 3.7 GGV JJ1 [ eV]
: : + - S+ ~— +\X7—
A . . — —
OO 500 1000 1E|)EOFG %/(300 e e Xl Xl Xl XlW W
e + - ~0 ~0 ~0 ~0
MRMR M W X1 Xl + - ~0 ~0 7h ~0 ~0
e'e — Yy = LhY X

Complex final states:

e'e’ — HA — bbbb
e'’e - H'H — tbbt

Entries / 2 ab™”

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

0 600 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?)

=~(0.3% precision on
hevay Higgs masses
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Summary of the SUSY studies

Vs Process Decay mode SUSY Measured Generator Stat.
(TeV) model  quantity value (GeV) uncertainty
e O~ 7 mass 1010.8 0.6%
- 4 —~0~0
HRHR =7 K ZiX 5{? mass 340.3 1.9%
e O~ 7 mass 1010.8 0.3%
3.0 Sleptons e +e %Y 11
P ®rER T €€ Xik 5{? mass 340.3 1.0%
— ~0~0 4 ¢ mass 1097.2 0.4%
VeVe 7 Xixie e WIW %f mass 643.2 0.6%
1.0 Chargino A, = A IWHWo " %] mass 643.2 1.1%
' Neutralino Aoty — h/Z0h/Z0 % 7Y Xy Mass 643.1 1.5%
3.0 Squarks qrdg — qq%%{? I (g Mass 1123.7 0.52%
. H°AY — bbbb H?/A% mass| 902.4/902.6 0.3%
30 Heavy Higes oy pt : H* mass | 906.3 0.3%
I . ¢ mass 560.8 0.1%
+ +,. —~0=~0
HRHR =7 1 X1K) 56? mass 357.8 0.1%
S o~ 7 mass 558.1 0.1%
1.4 Sleptons +e +o— 7 0%Y I
P °rCR T €€ XiX 5{(1) mass 357.1 0.1%
_ ~0~0 4 st ¢ mass 644.3 2.5%
VeVe 2 X1X 8 Te WIW 7 mass | 487.6 2.7%
14 Stau T =t 1 T, Mass 517 2.0%
14 Chargino T = AW rwWo I X| mass 487 0.2%
' Neutralino Xoxs —h/Z%h/Z0 %07 %5 mass 487 0.1%
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Precision studies of e'e” — u'y

Minimal anomaly-free Z' model:

: € It
Charge of the SM fermions
under U(1)' symmetry:
= ! + d' -
Qf gY (Yf) g BL(B I_)f
; {1
Observables:
* total e'e” — P’y cross section "
. forward-backward-asymmetry - L 4 (5530009 =0659], =0.65 a V5=1400g,=0.65 g =0.65 i
° |eft_r|ght asymmetry = - e 15=3000g =0g! =0.65 o Vs=1400¢’ =0 g, =0.65 -
0 ) ] . E - s 15=3000 9,=065¢g" =0 o Vs=1400 9,=0.65¢" =0 .
(iSO Yo € pOlarlsatlon) = 60 [~ « (5=3000g =0.659, 065 % (5=1400¢=0.65¢, =0.65
= ]
qJ - -
If LHC discovers Z' s | ]
(e.g. for M =5 TeV): 5 O ]
Precise measurement of the Rt A —
. . M~ = &_.:__’_———’/——-__—“r .
effective couplings Y —_—
| = - o
Otherwise: e . ~
I ] ] L ] ] ] ] ] ] ] ! ] ] ] ] ! | f
Dlscovery reach up to te_ns of TeV 0 53> o = o o
(depending on the couplings) Integrated luminosity [fb]
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Composite Higgs bosons

» Higgs as composite 1.4}
bound state of fermions 0.5]

EWP =1 5)(1 0

/ LHC Single Higgs

* M. mass of the vector 0.2

resonance of the 0.1, N

composite theory 0.05 _
& I CLIC Double Higgs |

=0

0.02 CWPTAe=

« £ = (v/f)* measures the
strengths of the Higgs 0.01)
interactions 0.008

0.002 CLIC Reach

0 2 / 6 3 10
from single Higgs production ~~ Mo!n TeV

CLIC provides an indirect probe of a Higgs composite scale of 70 TeV
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What's next for BSM?

* Interesting SUSY signatures not yet studied for CLIC:

1.) Gauginos/Higgsinos with small mass splittings

— Main signal: y + missing energy + soft particles
(challenging in the presence of beam-induced backgrounds)
2.) Top squark production

e.g. t,—» t+%, — boosted top quarks

* Model-independent searches for Dark Matter
using the y + missing energy final state

e Higher-dimensional effective operators

 Hidden sector searches, more on compositeness,
weakly interacting exotica, ...

Crucial: need to be ready to respond to
theoretical interpretation of new LHC data
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Precision top and EW as tools for BSM

Precision top measurements:
* So far focussed on top mass at lower energies (350 GeV and 500 GeV)
» Explore potential of tt events to probe for new physics, examples:

- top quark couplings toy, W and Z
- Search for FCNC top decays
* V,_ from ey — tbv_at high energy

Triple and quartic gauge couplings using e*e’ — W*W- (vv/e*e’):
Important to choose parametrisation comparable to
other studies/experiments!

W boson mass determination at high energy:
Large samples of single W events
produced at high-energy CLIC
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Usage of WHIZARD 2
for CLIC physics studies

[most of the results shown on the previous slides
were obtained using WHIZARD 1.995]
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Future detector model and software chain

* All current benchmarks are

performed either for the ILD SiD
CLIC ILD or the software software

CLIC _SiD detector model

 New detector concept

optimised for CLIC: T
move to single software
chain in the future '
_ CLIC detector iE
* On the same time scale: software chain 2015

WHIZARD 1.95 —» WHIZARD 2.2
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Future software chain

LCIO: Event Data Model

/

g @ @
7 X I \ ’ X
“ y / Recon y

Analysis
,,/\ struction y
(Generator) simulation 2 s
Tracking Flavour Tagging
Particle Flow
- L ) N Y, \ Y,
=

Detector Geometry: DD4hep
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Technical iIssues

Needed output formats:
» stdhep (for compatibility with CDR software chain)
« LCIO (input for simulation of new detector model)

Hadronisation by PYTHIA 6.4 as integrated
in WHIZARD 2

Correlated spectra for lepton and photon beams:
* Reading beam events not convenient for mass production
* The plan is to use parametrisation provided by CIRCEZ2

Interface WHIZARD 2 to ILCDIRAC production system:
 Will be done in the near future
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Summary
and conclusions
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Summary and conclusions

 The first stage of a CLIC collider at 350 GeV provides precise
determinations of the absolute values of many Higgs boson couplings

« Subsequent high-energy running, here assumed at 1.4 and 3 TeV,
improves the precision of many observables significantly and gives
access to rare Higgs production processes and decays

» CLIC operated at high-energy (1.4 and 3 TeV) provides significant
discovery potential for BSM phenomena through direct and indirect
searches

« Many more studies started / will start soon: also on BSM
sensitivity through precision top / SM observables

« WHIZARD 1 is a crucial tool for CLIC physics benchmark studies,
we are looking forward to switch to WHIZARD 2 soon
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Backup slides
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If you want to know more...

ey et s L] e s L e

CERM pimomis cavisa P I A LEAR BESEABON
L]
=7
o
1h
FHYRICS AR DETRCTOED AT CLIC

CLIC Conceptual Design
Report (CDR) Vol. 2:
Physics and Detectors

O e s LWL e e Ly i ) i

CERM pssrmis oo EATNI PO AL LR BT B

THH CLIC Prcsisavive:

TaRDE & ATAGED o v LvE i L0l LI
EX FLOMING THE TER A5 4 L

CLIC CDR Vol. 3:
Staged construction,
SUSY at 1.4 TeV, Z'

Physics at the CLIC e'e LiucurCuIIidcrm

Input to the Snowmass zss 2003

Snowmass white paper:
Most of the Higgs studies

(mostly at 3 TeV)
arXiv:1209.2543 arXiv:1307.5288
arXiv:1202.5940 (last update: 01/10/2013)
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2-beam acceleration scheme

Drive beam supplies RF power:
« 12 GHz bunch structure

* Low energy:

2.4 GeV — 240 MeV

* High current: 100 A

Main beam for physics:
* High energy: 9 GeV — 1.5 TeV
* Current: 1.2 A

drive beam
qemﬂng Structure
e

drive beams
electron beams pro dthRprtthm

electron main accelerator electrons posntrons positron main accelerator
main beams
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Selected CLIC parameters

CLIC at 3 TeV
L (cm?s™) 5.9 - 10* o
Bunch separation 0.5ns 22\(1?r2mg]ngts
#Bunches / train 312
Train duration 156 ns for CLIC detector
Train rep. rate 50 Hz
Crossing angle 20 mrad
Particles / bunch 3.72 - 10° :

Very small beam profile

oo, (nm) =45/ 1 at the interaction point
o_(um) 44

156 ns 20 ms

CLIC: trains at 50 Hz, | train = 312 bunches, 0.5 ns apart
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Beam related backgrounds

eTe Pairs ¢ e+e_ pairS
N S * Yy — hadrons

Beamstrahlung

Coherent e'e” pairs:

7 - 10° per BX, very forward
Incoherent e*e” pairs:

3 - 10° per BX, rather forward

A

—Trldent irs
vy — Hadrons

— Detector design issue
(high occupancies)

Particles [1/BX]
2233 %

—h

vy — hadrons
« “Only” 3.2 events per BX at 3 TeV 10°
« Main background 1074k

)

" Coherent Pairs. -
— Incoherent Pairs _

e

in calorimeters and trackers 104 107

— Impact on physics BX = bunch crossing

— -
L detector
107 101 1
0 [rad]
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CLIC detector concepts

Instrumented return
yoke for muon 1D

Complex forward region
L with final beam focusing

Strong
solenoids
(4-57T)

3.) Fine grained
(PFA) calorimetry,
1+7.5 A

1.) Ultra low-mass
vertex detector
with = 25 x 25 ym?®
pixels

2.) Main trackers:
TPC+silicon (CLIC_ILD),
all-silicon (CLIC_SiD)

17/03/2015 Philipp Roloff BSM and Higgs simulations for CLIC 41



Background suppression

Triggerless readout of full bunch train:

ha t, of physics event

| 1 I
A
L~ tCluster

1.) Identify t of physics event in offline event filter
* Define reconstruction window around t_

« All hits and tracks in this window are passed to the reconstruction
— Physics objects with precise p_and cluster time information

2.) Apply cluster-based timing cuts
» Cuts depend on particle-type, p_ and detector region

— Protects physics objects at high P,

In addition: hadron-collider type jet algorithms (FastJet)
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Impact of the timing cuts

e‘e” — tt at 3 TeV with background from yy — hadrons overlaid

1.2 TeV background 100 GeV background
In the reconstruction after timing cuts
window

Physics studies are based on Geant4 simulations including pile-up from yy — hadrons

17/03/2015 Philipp Roloff BSM and Higgs simulations for CLIC 43



Precision measurements

H — bblcclgg:

« Separation of the different hadronic

final states using precise flavour tagging

 H — cc and gg impossible at hadron colliders
* In addition, the Higgs mass can be extracted Moasurement 14 TeV 3 TaV
from the H — bb invariant mass distribution o(Hv v ) x BR(H — bb) £0.3% £0.2%
(x40MeV at 1.4 TeV, £33MeV at 3 TeV) -

o(Hvv)xBR(H—cc) +2.9% #27%
o(Hvv )xBR(H — gg) #1.8% *1.8%

e

[0}

S 14000F T T 3
[ :|:| H — bb signal - [ 1lf‘1lhb‘k|d [ 1;"I.‘h\.'j'.Hb‘k‘l'd"\‘“f
O 12000 F[] SMbackground | ] CDR 3 € | - lightjets: no background S | ightps nobackgound A
=t r . o — cHets: with background o) . —bjets: with background =+
10000 F - S " - cHets: no background S | - bgets: no background >
P : 5 10T F i &
T 8000 i g CDR = :
5 6000} E CDR |
2 N 4
4000 . et ; ]
2000 |- : - 3 TeV | 3TeV -
{]' in on a0 onon | 0 o d ] ]_0_3—i"‘\....i..H\.‘..l...m”..f— R
0 E‘U 100 150 200 04 05 06 07 08 09 1 06 08 1
bb invariant mass (GeV) b-tag efficiency c-tag efficiency
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o(Hv v ) x BR(H — p"p):

* Very small BR (= 0.022%)
* Requires precision tracking
* A(0 x BR) =38%(16%) at 1.4(3) TeV

o
o

\J

Events/ 0.5 GeV
3

P
o

M
o

O-(Hveve)XBR(H _)VY): l:1}‘{)5 110 115 120 125 130 135

o BR(H_)VV) ~ (0.23% Di-muon invariant mass [GeV]
A0 X BR) = 15% at 1.4 TV~

o(Hv v ) x BR(H — Zy):
 BR(H—Zy) = 0.16%
« Hadronic Z decays usable

(in contrast to hadron colliders)
* A(0 x BR) =42% at 1.4 TeV

Events /1.5 ab™
S o o o
N w N ;]

-
o

—
Q

-1 -0.5 0 0.5
BDT (Adaptive Boost)
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The simplest case: sleptons at 3 TeV

 Slepton production very clean at CLIC
» Slepton masses = 1 TeV
* Investigated channels include:

+ - ~+ ~— + . —~0z0
€€ — Uglhg = W W %1 %y
ete” — &8z — ete F i)
+ .- Y + . ~wHw-— 0 50 :
ee D VVe—oe e W W ¥ ¥, - muons
2 T e e
E 1 00 LIi?t:S“rB(Dlallta)ka(l\}IC),1 events: 2845
() ME= 1014.29+ 5.57
= My = 341.75+ 6.38, %% ndf 24.5 /45
LIJ 80 | , — ~
i i m(MR) . +£5.6GeV
i ]  Leptons and B )
60:— ] missing energy m(ég) : £2.8GeV
a0k E mv.) : £3.9GeV
N 1 'V('jassets fr?:m m(7)) : +3.0GeV
- . endpoints o =
NSRRI S energy spectra m(y;) : £3.7GeV
0 500 1000 1500 2000
E [GeV]  Precisions of a few GeV achievable

Example: Smuons
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Hadronic final states: gauginos at 3 TeV

Chargino and neutralino pair production:
ete” = Y] — T TWIW-

—
(@))
o

ete” = % 7(2 — hh ! Xl 82%
ete” = 570 = Zhil 7] 17%

120

M., [GeV]
5

Reconstruct W*/Z/h in hadronic decays 100
— four jets and missing energy .

800"
3 Teteso ] 60t
-E8OO— —— All PFOs, no yy — had. 1 i ©
L I ——— AllPFOs 1 AP
i —— Tight selected PFOs | 40 . I I |
sool ; %0 60 80 100 120 140 160
: : M. , [GeV]
400 - (Y .
2000 JABY : Precision on the measured
e > ] gaugino masses (few hundred GeV):
% 50 100 150 200 1-1.5%

M(WF) [GeV]
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Heavy Higgs bosons at 3 TeV

Heavy Higgs bosons:

e'e” — HA — bbbb Complex
e*e” — H*H —> tbbt final states
(H, A and H* almost degenerate in mass)
--I—(_Qts I I T I "T(_Qts ' ' _+'_|-FH !
C\I120 o150 []HA B
5100 P Clww
S:J :]:3 M zz ]
£ 80 £100 Closas |7
- 60 L i [Mwwzszzz | -
40 50 |
20 I
0 - & A A eerapge | ; 0 P = s il e e SR
600 800 1000 1200 1400 600 800 1000 1200 1400
M(GeV) . M(GeV) .

Accuracy of the heavy Higgs mass measurements: =0.3%
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