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Farticular emphasns o BSM: Comparison with other machines
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Timmeline

Auqust 30: First draft available merging author's contributions
September 30: Complete draft for "informal” community review

submission ko ArXivV and ko YR
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Precision Measuremenks ab CLIC

Lanquaqge: Effective Field Theory (EFT) - Dimension-6
- Model-independent
- Perfect Comparison ool (with direct searches/other machines)
- A guidance for SM precision Tests

112 E2
OBSM ~ 2 | OBSM ~ 2

Benefit from High Eherqgy
(CLIC)

Focus on off-shell processes
(WW,ZH,tEhh,...)
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Precision Measurements abk CLIC
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FLAVOR@CLIC

JURE ZUPAN
U. OF CINCINNATI



UPSHOT

e CLIC provides two important probes to the
origin of SM flavor

® top quark

® Higgs boson
e deviations from SM expectations = New Physics
e can also search for new states

e motivated by B physics anomalies, neutrino

mass generation, ...

J. Zupan Flavor@CLIC 10



EXOTIC TOP DECAYS
e potential FCNC modes: t — ch, cZ, ¢y, c+MET

e typical sizes of branching ratios:

SM MSSM 2FHDM CH RS
Br(t —ch) 3x107° <107 <107 <13 x107° <26 x10°
Br(t — ¢y) 4.6x107'" <5x107" <34x10° <5x10° <5x107"
et T
* experimental prospects & e lowmassBDT  CLicdp
at CLIC. % 103 b —*— High mass BDT .
-
BR(t — ch) x BR(h — bb) < 1.2 x 107%. 3
S
—~ 1A—° o
BR(t — ¢y) < 4.7 x 10", = o
500 fb~ 1, /s = 380 GeV=ts h

J. Zupan Flavor@CLIC 11




TOP FCNC FROM
PRODUCTION

e can search for top FCNC couplings in
the production, e.g., ete- — t @

Vs [GeV] L [fb ] Plet,e) BR after fit

24() 3000 (0, 0) 3.7 % 107"
350 3000 (0,0) 1.1 x 107°
500 3000 (0,0) 6.0 x 10°°
500 300 (0, 0) 1.9 x 107"
300 500 (0, 0) R.7 % 10°°

J. Zupan Flavor@CLIC =



HIGGS COUPLINGS

¢ in the SM the flavor structure comes from the
Higgs sector Y™ = V2my fv

e can test this at CLIC
* several questions
® proportionality = Yii & 17
e factor of proportionality y;, /m; = v/2/v
e diagonality (flavor violation) y;; = 0, ? L £ g
e reality (CP violation) Im(y;;) =0

J. Zupan Flavor@CLIC 158}



— 0.1 Vs = 350 GeV, £ = 500 fb~!
| 'S 1.4 TeV., L =1.5ab™
_9 | o o
_c"- 10 Vs =3TeV, L=2ab™!

10 4

* several questions

® proportionality = Yii & 1Tt

® factor of proportionality 1y, /m,; = V2 / UI

e diagonality (flavor violation) y;; =0, ¢ #J }

e reality (CP violation) Im(y;;) =0

J. Zupan Flavor@CLIC 13



SEARCHING FOR NEW .
STATES et

e flavor anomalies in B physics may
imply new state at electroweak scale

e could be produced at CLIC
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NEUTRINO MASS
GENERATION

* could probe neutrino mass generation

e search for beyond SM neutral scalar
with FCNC couplings

IC:)/ — }zcrxgl?Cl:jL_lifffét R —+ ]E[.()..

J. Zupan Flavor@CLIC
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FCNC INTERACTIONS

e searches for FCNC point interactions

Vi ey Ppel [7v,Ppre]

e paa

e present bound: 1/V;>(8.8TeV )
® Belle 2: 20-30 TeV

® CLIC: 950Gev 500 GeV 1 TeV 3 TeV
e ———— eeCGsmmmpSSSS——

1// Vi1 8.0 TeV 11.7TeV ~ 18.0TeV 349 TeV

J. Zupan Flavor@CLIC 16



BSM: direct searches
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Outline

e ElectroWeak Symmetry Breaking = New Scalars
(NMSSM, Twin Higgs, ...)
e Dark Matter = General EW matter (precision ete- — ff )

e Simplified Models = Hidden Valley
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1807.04743 - Buttazzo, Redigolo, Sala, Tesi

. - ¢e? dl
Higges + Heavy Singlet R
ete—>vvS S—>hh—>4b (oW

l T T T T l T L] Ll

T l T T T T l T T
LHC 8 TeV Higgs couplings

LHC 300 fb~1 _.==="

o= -~
- -

_==""" LHC 3 ab~!

0.100

0.050 - ]
~ Preliminary ]
CLIC 1.5 TeV, 1.5 ab™
0010 © a |
0.005 | )
Preliminary
CLIC 3 TeV, 3 ab™!
0.001 } 95% C.L. exclusions

Roberto Franceschini & Michael Spannowsky 500 1000 1500 2000 2500
my [GeV]


https://github.com/delphes/delphes

1807.04743 - Buttazzo, Redigolo, Sala, Tesi

. . et T\
Higgs + Heavy Singlet R

eSS hh b o

Interplay between direct S search and H coupling

indirect sensitivity
LHC 8 TeV Higgs couplings
LHC 300 fb~! "

-
-’-’
-

~==""" LHC3 ab~!

T . P p =

0.100

0.050 . |
>~ Preliminary ]
CLIC 1.5 TeV, 1.5 ab™
2 0.010| 2O |
0.005 | |
Preliminary
CLIC 3 TeV, 3 ab~!
0.001 } 95% C.L. exclusions
Roberto Franceschini & Michael Spannowsky 500 1000 1500 1’ 2000 2500
B d LGN

Test motivated values of the mixing beyond TeV
singlet mass



https://github.com/delphes/delphes

1807.04743 - Buttazzo, Redigolo, Sala, Tesi

Higges + Heavy Singlet "W o

banle Vi ey ete—=vw S S—=hh—

0.100

0.050

sin’7y

0.010

0.005

ﬁ/ 0.001
Roberto Franceschini & Mich: "608.07538 + Rojo .
Higgs couplings

4b

Interplay between direct S search and H coupling

_indirect sensitivity

- e

LHC 8 TeV Higgs couplings

Preliminary
CLIC 3 TeV, 3 ab~!

95% C.L. exclusionsi

500 1000

1500 | 2000 2500

ete—>Zh &vvh
sin?y <04 % 95% CL (stage

Test motivated values of the mixing beyond TeV

singlet mass

eV 1
B d LGN



https://github.com/delphes/delphes

1807.04743 - Buttazzo, Redigolo, Sala, Tesi

. . et T\
Higgs + Heavy Singlet R

eSS @

Interplay between direct S search and H coupling

_indirect sensitivity

- e

LHC 8 TeV Higgs couplings

0.100

0.050

>
0010
0.005
tf/ 0.001 o C.L. exclusions
Roberto Franceschini & Mich: "608.07538 + Rojo ) 7 500 1000 1500 2000 2500
Higgs couplings [GeN]
Jilgparh

ete—=>/Zh & vvh i . .
sin?y < 04 % 95% CL (stage Test motivated values of the mixing beyond TeV

singlet mass



https://github.com/delphes/delphes

1409.0005 1608.07538

H+S for Electroweak Baryogenesis
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Alipour-Fard, Craig + RF

DM: Short (disappearing) tracks

O(CM) DISAPPEARING TRACKS

Charged-Neutral mass splitting
can be different if Higgsino Mixed with other states (e.g. Wino)

TAKE LIFETIME AS FREE PARAMETER
ISOLINES FOR NUMBER OF EVENTS ASSUMED FOR DISCOVERY
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Hidden Valley: similar signals



Conclusions

EXTENT: good response from broad community

CONTENT: varied, thnowvative, uhique
makes the most out of CLIC

STATUS: o schedule as FLQMMQQ{



