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• Conveners: J.B. , J. Wells, A. Wulzer


• Goals: 


• Coordinate the theory community effort to assess the CLIC potential 
to discover cracks in the Standard Model. The physics picture that 
is emerging from the LHC results and the recent completion of the 
CLIC feasibility study and detector design, make this assessment 
particularly timely, in preparation of the forthcoming update of the 
European Strategy.


• New physics might be discovered at CLIC either indirectly, through 
precise measurements showing departures from the Standard 
Model predictions, or via the direct observation of new particles. 
Both aspects will be investigated under several beyond-the-
Standard Model perspectives.
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Working Units


• SM EFT (F. Riva): Probing the SM EW-plus-Higgs sector with precise 
measurements.


• Direct Searches (R. Franceschini, M. Spannowsky): Assessing the 
direct discovery potential, its complementarity with indirect probes and 
the impact on BSM physics.


• Light Flavours (J. Zupan): Probing new physics through light quarks 
and leptons.


• Webpage: http://clicdp.web.cern.ch/content/wg-physics-potential


• Mailing list: clicdp-wg-physicspotential@cern.ch
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The Physics at CLIC Workshop
Topics of the SM EFT/Indirect Searches Session 

Topics of the Direct Searches Session


Topics of the Light Flavours Session 

Topics of the Monte Carlo Session

-Top pair production - C. Englert
-Higgs EFT at CLIC - J. Gu
-Precision EW measurements: EWPT and 
 Higgs couplings - G. Panico
-EFT studies of hZ & hhZ production
 at ILC/CLIC - S. Bar-Shalom

-Strong HH and VV prod. At CLIC - A. Thamm
-Modelling VV Scattering at CLIC- W. Kilian
-Seeking CLIC’s competitive Advantages - J. Ellis

-Accidental Matter - L. Di Luzio
-SUSY @ CLIC - A. Mariotti
-Extra Scalar Singlets: Higgses & PGB - F. Sala
-Axion-like particles at e+e- colliders - K. Mimasu

-(Dis) appearing tracks at CLIC - P. Schwaller
-Testing the Twin Higgs Mech. at a L.C. - C. Verhaaren
-Seesaw at a Lepton Collider - M. Mitra
-Dark Sector at CLIC - M. Rauch

-Charm Yukawa & New Physics - F. Bishara
-Constraining h→ss at CLIC - M. Schlaffer
-From B-anomalies to CLIC - A. Greljo

-WHIZARD for CLIC physics - J. Reuter
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The Higgs self-interaction
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Measuring the Higgs self-interactions is an essential step to 
understand the structure of the Higgs potential

‣ related to order of EW phase transition  (relevant for cosmology)

‣ distortions expected in many BSM scenarios

‣ limited precision at LHC due to small statistics
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✦ accessible mainly in HH production

✦ additional bonus: test strength of Higgs 
couplings at high energy  (VVHH coupling)
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• Di-Higgs production: Measuring the Higgs self-interaction
Two main HH channels
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e+e- → ννhh
ILC 1 TeV, P(e-,e+)=(-0.8,0.2), 0.13 fb
CLIC 1.4 TeV, unpolarized, 0.15 fb
CLIC 3 TeV, unpolarized, 0.59 fb

ILC 1TeV (±37%)
CLIC 1.4TeV (±44%)

CLIC 3TeV (±20%)

The two channels provide complementary information
✦ ZHH gives stronger constraints on ��3 > 0

✦ νν̅HH gives stronger constraints on ��3 < 0

‣ dependence on        stronger at lower COM energy, maybe 
worth collecting more luminosity at 500 GeV and 1 TeV

��3

G. Panico’s talk
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• Di-Higgs production: Measuring the Higgs self-interaction

Precision reach at CLIC

CLIC 1.4 TeV (1.5 ab≠1) + 3 TeV (2 ab≠1), unpolarized beams, e+e≠ æ ‹‹̄hh

bounds 68%CL 95%CL
on ”Ÿ⁄ full linear full linear
1.4 TeV [≠0.35, 1.51] ±0.45 [≠0.60, 1.76] ±0.90
3 TeV [≠0.26, 0.49] & [0.82, 1.57] ±0.31 [≠0.46, 1.77] ±0.62

combined [≠0.22, 0.35] & [0.91, 1.46] ±0.25 [≠0.39, 1.64] ±0.51

Table 1: Bounds on ”Ÿ⁄ from CLIC WW fusion di-Higgs process, assuming all other BSM
parameters are zero. 1.5 ab≠1 at 1.4 TeV and 2 ab≠1 at 3 TeV, unpolarized beams. For
columns denoted by “full”, both the linear and square terms of ”Ÿ⁄ are kept, while for
“linear” only linear terms of ”Ÿ⁄ are kept.

Figure 3: The linear dependence of single Higgs production cross sections to ”Ÿ⁄. This is
essentially Fig. 11 shifted vertically by a constant of 2”ZH

1≠”ZH
¥ ≠0.0031, see Eq. (A.4). It is

shown later that for single Higgs processes at e+e≠ colliders the linear terms of ”Ÿ⁄ give a
reasonable approximation (mainly due to the fact that the C2 contribution is suppressed
by the smallness of ”ZH).

3 The (12+1)-parameter EFT Framework
maybe have a mini-review on the framework in Ref. [3] first...

12-parameters:

”cZ , cZZ , cZ⇤ , c““ , cZ“ , cgg , ”yt , ”yc , ”yb , ”y· , ”yµ , ⁄Z . (3.1)

In Ref. [3] we also define
�““

�SM
““

ƒ 1 ≠ 2c̄““ ,
�Z“

�SM
Z“

ƒ 1 ≠ 2c̄Z“ , (3.2)

and (the numbers depend on the value of bottom Yukawa but doesn’t have much impact)
�gg

�SM
gg

ƒ 1 + 2c̄ e�
gg ƒ 1 + 2 c̄gg + 2.10 ”yt ≠ 0.10 ”yb , (3.3)

6

… but inclusive measurements at CLIC can not resolve the 
additional minimum at  ��3 ⇠ 1

✦ add information from lower-energy machines 
(eg. ILC 500 GeV, gives precision ~27%   [Dürig, PhD thesis ’16])

Ways out:

✦ consider differential distributions

Final precision at CLIC ~25%   (combining 1.4 TeV and 3 TeV runs)

G. Panico’s talk
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• Di-Higgs production: Measuring the Higgs self-interaction

Differential HH distributions
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Figure 2: Invariant mass distribution of the hh pair of e+e≠ æ ‹‹̄hh at CLIC 1.4 TeV
(left) and 3 TeV (right) at parton level, with the total number of events normalized to one.
The blue solid curve corresponds to the SM case while red dashed one corresponds to the
other solution of ”Ÿ⁄ for which the cross section equals the SM one. The cross sections
given by MadGraph is 0.18 (0.80) fb at 1.4 (3) TeV. The cyan dotted curves correspond to
”Ÿ⁄ = ≠1 (⁄3 = 0), with cross sections 0.51 (1.72) fb at 1.4 (3) TeV. They are normalized
with respect to the SM cross sections. (The total number of events is normalized to 0.51

0.18
(1.72

0.80) for 1.4 (3) TeV.) The interference term of the diagram with the triple Higgs coupling
and the ones without seems to be destructive both overall and at the threshold.

at ”Ÿ⁄ = ≠5.9 (besides ”Ÿ⁄ = 0). This also suggests that the linear approximation is
pretty good for the ILC 500 GeV e+e≠ æ Zhh measurement (if we do not worry about
the other solution of ”Ÿ⁄, which will probably be excluded by single Higgs measurements
anyway).

In Ref. [1], it was stated that the dependence on ”Ÿ⁄ was determined using WHIZARD,
parameterized by Ÿ as �⁄

⁄
¥ Ÿ · ‡hh‹e‹̄e

‡SM

hh‹e‹̄e

. The value of Ÿ was determined to be (negative)
1.22 (1.47) for 1.4 TeV (3 TeV), which gives �⁄/⁄ = 54%(29%) for 1.4 TeV (3 TeV). This
seem to only account for the linear dependence. Translating into the coe�cients of the
linear term of ”Ÿ⁄ in our Eq. (C.2), this gives -0.82 (-0.68) for 1.4 TeV (3 TeV), which are
a bit di�erent from my numbers, -0.97 (-0.65).

Some results on the constraints of ”Ÿ⁄ from di-Higgs process are shown in Fig. 13 and
Table 1. For these results, all other BSM parameters are set to zero.

2.2 loop contributions to single Higgs processes
discuss a bit about measurements at circular colliders (or ILC 250) and the results of
Ref. [2].

we can also put some of the technical details in the appendix
also mention that we have checked the contributions of ”Ÿ⁄ to hZ asymmetries (which

turns out to be negligible?)

5

The Higgs trilinear coupling strongly modifies the distributions

cross section equal 
to SM one

‣ differential analysis can probe the second minimum
��3 2 [�0.17, 0.26]

signal ev. bkg. ev.

CLIC 1.4 TeV ⇠ 20 ⇠ 40

CLIC 3 TeV ⇠ 60 ⇠ 100

G. Panico’s talk

CLICdp Collaboration Meeting 
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• Sensitivity to universal new physics in e+e-→ff:

Tail parameters:  W and Y

High-energy lepton colliders can further improve the constraints

✦ ILC bounds:       500 GeV

✦ CLIC bounds:    1 TeV  
                        3 TeV

LEP LHC13 FCC 100 ILC TLEP CEPC ILC 500 CLIC 1 CLIC 3

luminosity 2⇥ 107 Z 0.3/ab 3/ab 10/ab 109 Z 1012 Z 1010 Z 3/ab 1/ab 1/ab

W ⇥104 [�19, 3] ±0.7 ±0.45 ±0.02 ±4.2 ±1.2 ±3.6 ±0.3 ±0.5 ±0.15

Y ⇥104 [�17, 4] ±2.3 ±1.2 ±0.06 ±1.8 ±1.5 ±3.1 ±0.2 ⇠ ±0.5 ⇠ ±0.15

✦ Low-energy lepton machines not competitive with HL-LHC

[Farina, GP, Pappadopulo, Rudermann Torre, Wulzer ’16]FCC 100 would give 
much stronger bounds

|W | < 0.3⇥ 10�4 , |Y | < 0.2⇥ 10�4

|W |, |Y | . 0.5⇥ 10�4

|W |, |Y | . 0.15⇥ 10�4

Recast from  
[CLIC Design Report ’12]

Recast from [Harigaya et al. ’15]

⇒ Combine different channels (leptonic, hadronic and top)  
to obtain global sensitivity to W & Y

Only muon channel

CLICdp Collaboration Meeting 
CERN, August 30, 2017
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• Sensitivity to Top Yukawa in WW→tt production:

Comment by M. Mangano

Christophe Grojean CLIC - Big Picture CERN, July 17, 201717
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Christophe Grojean CLIC - Big Picture CERN, July 17, 201717
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Beyond MDM
• A millicharge can effectively stabilise the DM: � ⇠ (1, n, ✏) (1)
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- n = 3, 5, 7, … thermal production via gauge interactions (and suppressed Z couplings)
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Figure 1: Left: Thermal relic abundance of a complex scalar triplet and eptaplet and a Dirac
triplet and quintuplet, indicated as solid lines. Confrontation with the measurement by Planck,
indicated here as a double horizontal red band (inner for 1� uncertainty, outer for 2�), deter-
mines the DM mass M in each case. Uncertainties on M are indicated by a double vertical
band: the inner, darker band reflects the 2� uncertainty on Planck’s measurement, while the
outer, lighter band shows the theoretical uncertainty estimated as ±5% of the DM mass. The
relic density line for the Dirac triplet crosses the DM abundance band twice, thus there are two
allowed values for its mass. We assume the complex scalar quintuplet (eptaplet) has the same
mass as the Dirac quintuplet (eptaplet), as happens for real scalar and Majorana quintuplets.
The thermal relic abundance of a Majorana quintuplet (dashed line), together with its mass, is
shown for use in the next section. Right: Constraints on the DM millicharge ✏ as a function
of the DM mass. The LUX bound does not apply in the region of parameter space where no DM
particles populate the galactic disk.

existing bounds on self-conjugated multiplets with the same quantum numbers. Constraints on
a (supersymmetric Wino) Majorana triplet, on the MDM Majorana quintuplet, and on the real
scalar eptaplet can be found in Refs. [52–56], [6, 7, 49], and [11], respectively. We do not have
enough information on the scalar triplet and fermion eptaplet to determine bounds on these
candidates.

Interestingly, the Dirac triplet with M = 2.00 TeV is allowed by gamma-ray searches even
with the most aggressive choices of DM profile made in Fig. 12 of Ref. [52]. In the assumption
of a cuspy profile, forthcoming experiments like CTA [48] will be able to probe this candidate.
The situation of the Dirac triplet with M = 2.45 TeV is closer to (although worse than) that
of the Majorana triplet with mass 3.1 TeV [53], which is already excluded by bounds assuming
cuspy profiles while allowed when choosing a cored profile. The 6.55 TeV Dirac quintuplet is in
the same situation as the Majorana quintuplet, whose mass is given in Eq. (18), i.e. it is badly
excluded with the choice of a cuspy profile, while it is still viable if a cored profile is considered
(see e.g. Fig. 7 of Ref. [6]). The complex scalar eptaplet, while excluded for a cuspy Einasto

12

[Del Nobile, Nardecchia, Panci 1512.05353]
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• Accidental Matter: Gauge quantum numbers of NP states preserve 
SM accidental symmetries and adds accidental Z2 ⇒ DM stability

• Accidental EW multiplets with neutral LP 
- can be potentially probed at CLIC up to the kinematical limit          (pair production)p
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- LEP-like chargino searches + disappearing tracks   

- “Minimal” DM multiplet potentially testable 
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Figure 3. Illustration of some Feynman diagrams for monophoton processes.

Cuts 14 TeV 100 TeV 3 ab�1 100 TeV 30 ab�1

6ET [TeV] 0.3� 1 1� 3 1� 3.5

pT (�) [GeV] 200� 500 500� 700 500� 700

⌘� 1.45 1.45 1.45

�� 2 2 2

pT (j) [GeV] 30 100 100

pT (`) [GeV] 20 20 20

pT (⌧) [GeV] 30 40 40

Table 2. Analysis cuts for the monophoton search at 14 TeV and 100 TeV
colliders.

We first compare our procedure with the Cms analysis at 8 TeV with
L = 19.6 fb�1 [52]. The cuts that we implement are listed below (the precise
values that we choose are those of [52]). While we find good agreement for
the background �W (`⌫), our estimate for the �Z(⌫̄⌫) one is a factor 1.35
larger than that in [52]. This could be due to the fact that we are missing
some selection cuts on the photon that are particularly di�cult to implement
in our analysis. Similar results have been found in the phenomenological
studies [56, 57].

For the projections at 14 TeV and 100 TeV colliders, we compute the
background events including only �Z(⌫̄⌫) and �W (`⌫) processes (which in
the Cms analysis at 8 TeV account for ⇠ 75% of the total background
events [52]). We therefore caution that some degree of uncertainty in the back-
ground estimation is present in our analysis. Still our computations should be
a reasonable estimate of the potential reach of future hadron colliders with
the monophoton search.

The analysis cuts that we impose are:

� we require missing transverse energy > 6ET ,
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CLIC prospects - work to be done!
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[Barklow, Münnich, Roloff, “Measurement of chargino and neutralino pair 
production at CLIC”, LCD-Note-2011-037, 2012, 
focus on jet + MET final states (relevant for Δm >> 1 GeV)]
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Summary
• Long lived particles appear in many BSM scenarios, often 

related to dark matter or baryogenesis (not discussed) 

• Unconventional collider signatures - dedicated searches 
can be very sensitive, background free 

• CLIC detector design looks very good: 

‣ no triggers 

‣ close to beam line 

‣ segmented calorimeters (also granular ecal?) 

• MC implementations available, for detailed studies!

27
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• Disappearing tracks: LLPs in many BSM models

CLIC thoughts
• Disappearing tracks are essential for mass reach at hadron 

colliders 

• For CLIC, the reach is probably close to  

• No boost near threshold, bad for < cm lifetimes 

• Tracklets to see all states, measure mass difference? 

• Alternative? photon energy scan? 

• How many tracker layers do we have to hit? dE/dx to 
discriminate from lighter charged tracks? 

• Can we see the soft pion? 

18
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• Extra Higgses: reach for Higgs singlets at CLIC

Filippo Sala (LPTHE Paris)                    “Extra Scalar Singlets”                   Physics at CLIC 2017, CERN

Higgs Singlets at CLIC: production
Logic:  suppose HL-LHC does not find them, what will CLIC have to say?

p
s = 0.5 TeV

p
s = 3 TeV

CERN’s 1202.5940

Production of Higgs singlet =

these � ⇥ sin2 �

10

F. Sala’s talk
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Filippo Sala (LPTHE Paris)                    “Extra Scalar Singlets”                   Physics at CLIC 2017, CERN

Higgs Singlets at CLIC - signal & bkgs
Initial exercise: focus on �⌫⌫̄  @ CLIC 3 TeV,

Final state

⌫⌫̄ 4`

� ! ZZ

⌫⌫̄ 2` 2j

⌫⌫̄ 4j e+e� ! ZZ(4j)⌫⌫̄

e+e� ! ZZ(2` 2j)⌫⌫̄

e+e� ! ZZ(4`)⌫⌫̄

e� ! W (jj)Z(2`)⌫

e� ! W (jj)Z(2j)⌫

Dijet charge?

Is 3.5% realistic?

Dominant(?) backgrounds

W/Z separation vs jet mass resolution

CERN’s 1202.5940

“One goal for jet energy resolution […] is that it is sufficient to provide 
         discrimination between the hadronic decays of W and Z boson”

Other possible challenge: boosted dijets?
CMS already deals with them…

CERN’s 1202.5940

�m/m = 2.5%[~ ]

CMS EXO-17-001-pas

11

e+

e�
⌫e

�⇤
W�

Z

e+

W ⇤

Jorge de Blas 
INFN - University of Padova

The Physics at CLIC Workshop

Selected Topics: Direct Searches Session


• Extra Higgses: reach for Higgs singlets at CLIC

F. Sala’s talk

CLICdp Collaboration Meeting 
CERN, August 30, 2017



Jorge de Blas 
INFN - University of Padova

The Physics at CLIC Workshop

Selected Topics: Direct Searches Session


• Extra Higgses: reach for Higgs singlets at CLIC

Filippo Sala (LPTHE Paris)                    “Extra Scalar Singlets”                   Physics at CLIC 2017, CERN

WARNING
PRELIMINARY

Higgs Singlets at CLIC - reach
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Assume bkg from W’s can be made subdominant:  reach of e+e� ! ⌫⌫̄ZZ ?

Minimisation of WW bkg to ZZ channel

Polarisation of initial e+e�

WW & hh final states (2b & 4b become promising?)
Other production mechanisms

….

like ATLAS                  1507.05930� ! ZZ

�M�

2` 2j4` 4j
2% 3% 7%

Realistic for CLIC?

Cut flow still to be optimised
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• Charm quark and New Physics: Rare top decaysRare top decays: t�hc

● Full detector simulation for H  bb final state→

● Limit:

with

● This translates to 

● Rare decay in SM �    smoking gun 

for NP

● CLIC study @ 380 GeV C.M. 

energy  [Zarnecki: 1703.05007]

Improvement on this bound can cut into flavor model parameter space!

F. Bishara’s talk

CLICdp Collaboration Meeting 
CERN, August 30, 2017
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• Charm quark and New Physics: Rare top decaysRare top decays: t�hc

● Full detector simulation for H  bb final state→

● Limit:

with

● This translates to 

● Rare decay in SM �    smoking gun 

for NP

● CLIC study @ 380 GeV C.M. 

energy  [Zarnecki: 1703.05007]

Improvement on this bound can cut into flavor model parameter space!

F. Bishara’s talk

CLICdp Collaboration Meeting 
CERN, August 30, 2017

CLIC ultimate reach



Rare top decays: t�c + MET

● Arises, e.g., in models of DM with a scalar/pseudoscalar 

with flavor structure

● Unique signature with charm + MET reconstructing mt but 

presents other challenges (e.g., leptonic W decays?)

● Branching ratios vary by model, e.g.:

Flavon:                             for 

[Isidori, Kamenik: 1103.0016], [Zupan, Kamenik: 1107.0623],

see also [Alvarado, Elahi, Raj: 1706.03081]

 [Andrea, Fuks, Maltoni: 1106.6199], [Blanke, Kast: 1702.08457] + many others

[Bauer, Schell, 
Plehn: 

1603.06950]
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Rare top decays: t�c + MET
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Flavon:                             for 

[Isidori, Kamenik: 1103.0016], [Zupan, Kamenik: 1107.0623],
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• Charm quark and New Physics: Rare top decays

Summary

● CLIC is crucial for measuring the SM charm Yukawa

● It will also significantly constrain the parameter space 
of NP models of flavor

● Detailed studies needed for maximizing the reach

● Many more channels to look in  e.g., t– �Zc, t��c, 
t�Vc, …

F. Bishara’s talk

CLICdp Collaboration Meeting 
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• H →ss : potential of s-tagging at CLIC

Setup for an s-tagger
Ansatz: s-jets dominantly contain a prompt kaon that carries a

large fraction of the jet momentum.

In which kaons can a s quark hadronize?

K±

K0
S

K0
L

K±

vis.
1/6

inv.
1/3

K±

vis.
1/6

inv.
1/3

K±

vis.
1/6

inv.
1/3

CC/NC/NN=9/6/1

Charged kaon reconstruction:
> stable on detector scales
> tracking efficiency 95%
> Particle ID

⇡± K±

some observable

2�

3 bench marks for ID:

> ✏K = 100%
✏⇡ = 100%

> ✏K = 95%
✏⇡ = 12%

> ✏K = 80%
✏⇡ = 2%

[TopLC17 talk by Kurata]

Neutral K0
s reconstruction:

> Decay length ⇠ 80 cm
> Needs to decay to ⇡± within 5mm< R < 1m
> reconstruction efficiency 80%

jet 1 K+ K� K0
s K+

jet 2 K+ K0
s

softer

> Keep hardest pair of kaons
with charge sum |q1 + q2| < 2

> Split into CC, NC and NN
channelPreliminary

Impact parameter > straight extrapolation of
tracks

> no vertexing
> O(60 � 80%) of kaon can-

didates in b-jets stem from
b-decays

> O(40%) of kaon candidates
in c-jets stem from c-decays

> smearing according to mo-
mentum and angle

> 5µm uncertainty on IP

D
K

±
(x
,M

2 Z
)

[adapted from 0803.2768]

Fragmentation functions

Preliminary

parallel kaon momentum

candidates from non-s-jets are
soft, especially in g-jets

Matthias Schlaffer 4

M. Schlaffer’s talk

CLICdp Collaboration Meeting 
CERN, August 30, 2017



Jorge de Blas 
INFN - University of Padova

The Physics at CLIC Workshop

Selected Topics: Light Flavours Session


• H →ss : potential of s-tagging at CLIC
Setup for an s-tagger
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• H →ss : potential of s-tagging at CLIC
Results
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preliminary preliminary

strange Yukawa testable with CLIC at O(10)
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LFV continued

> Background at CLIC: e+e� ! ⌧⌫⌧e⌫e and e+e� ! ⌧⌧

> Use kinematics:
– all energy used: Ee > 0.9

p
s/2

– back-to-back:
p
ŝ = (pe + p⌧ )

2 > 0.9
p
s

> Unpolarized beams with
R L = 1 ab�1:p

s [GeV] 250 500 1000 3000
95% CL on |VLL|�1/2 [TeV] 8 12 18 35

> can be improved by tighter cuts and polarized beams
> However: BELLE II, improvement by O(102) on BR

) projection: |VLL|�1/2 & 40 TeV

Matthias Schlaffer 10
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• LFV at CLIC: LFV 4-Fermion interactions at high E

M. Schlaffer’s talk

Testing LFV at CLIC [heavily based on 1410.1485]

> Lepton Flavor Violation is intriguing sign of BSM physics
> High intensity vs. High energy
> Use effective operators

Here: ⌧ ! 3e
L⌧ =

P
i,j=L,R

Vij [ē�µPie] [⌧̄ �µPje] + h.c.

> Bound from BELLE: |VLL|2 < 1

13 TeV
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LFV continued

> Background at CLIC: e+e� ! ⌧⌫⌧e⌫e and e+e� ! ⌧⌧

> Use kinematics:
– all energy used: Ee > 0.9

p
s/2

– back-to-back:
p
ŝ = (pe + p⌧ )

2 > 0.9
p
s

> Unpolarized beams with
R L = 1 ab�1:p

s [GeV] 250 500 1000 3000
95% CL on |VLL|�1/2 [TeV] 8 12 18 35

> can be improved by tighter cuts and polarized beams
> However: BELLE II, improvement by O(102) on BR

) projection: |VLL|�1/2 & 40 TeV
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• Impact of polarized beams? 

• Projections for other LFV processes (                  ) and interactions (     )e+e� ! µ⌧ Vij
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• LFU at CLIC: Hints of LFUV in B decays at the LHC (RK & RK*)
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Figure 1: Deviations from the SM value RK = RK⇤ = 1 due to the various chiral operators
possibly generated by new physics in the muon (left panel) and electron (right panel) sector.
Both ratios refer to the [1.1, 6] GeV2 q2-bin. We assumed real coe�cients, and the out-going
(in-going) arrows show the e↵ect of coe�cients equal to +1 (�1). For the sake of clarity we
only show the arrows for the coe�cients involving left-handed muons and electrons (except for
the two magenta arrows in the left-side plot, that refer to CBSM

9,µ = (CBSM

bLµL
+ CBSM

bLµR
)/2 = ±1).

BSM corrections. RK⇤ , in a given range of q2, is defined in analogy with eq. (8):

RK⇤ [q2
min

, q2
max

] ⌘
R q2

max

q2
min

dq2 d�(B ! K⇤µ+µ�)/dq2

R q2
max

q2
min

dq2 d�(B ! K⇤µ+µ�)/dq2
, (16)

where the di↵erential decay width d�(B ! K⇤µ+µ�)/dq2 actually describes the four-body
process B ! K⇤(! K⇡)µ+µ�, and takes the compact form

d� (B ! K⇤µ+µ�)

dq2
=

3

4
(2Is

1

+ Ic
2

) � 1

4
(2Is

2

+ Ic
2

) . (17)

The angular coe�cients Ia=s,c
i=1,2 in eq. (17) can be written in terms of the so-called transversity

amplitudes describing the decay B ! K⇤V ⇤ with the B meson decaying to an on-shell K⇤

and a virtual photon or Z boson which later decays into a lepton-antilepton pair. We refer
to [29] for a comprehensive description of the computation. In the left panel of figure 2 we
show the di↵erential distribution d�(B ! K⇤µ+µ�)/dq2 as a function of the dilepton invariant
mass q2. The solid black line represents the SM prediction, and we show in dashed (dotted)
red the impact of BSM corrections due to the presence of non-zero CBSM

bLµL
(CBSM

bRµL
) taken at the

benchmark value of 1.
We now focus on the low invariant-mass range q2 = [0.045, 1.1] GeV2, shaded in blue with

diagonal mesh in the left panel of fig 2. In this bin, the di↵erential rate is dominated by

7

[1704.05438] [1704.05438]

• Can explain only LFUV anomalies!

More opportunities at CLIC!

Another paradigm: New physics in electrons?

A. Greljo’s talk

Same interactions enter 
in e+e- → bs
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Summary of Selected Topics from the Workshop


• Di-Higgs: optimize CLIC sensitivity to Higgs self-interaction? Differential 
Distributions, run at lower E, … (G. Panico et al. WiP)


• CLIC reach in models with Higgs singlets (F. Sala et al. WiP)


• H →ss using s-tagging techniques (M. Schlaffer et al. WiP)


“To Do” list:


• WW→tt sensitivity to modified Top Yukawa


• High Energy probes of universal new physics: Global e+e-→ff  analysis


• Discovery potential of Accidental/Minimal DM multiplets at 3 TeV


• CLIC opportunities in searches for disappearing tracks/displaced vertices


• General LFV: High energy (e+e- → lτ ) vs. rare decays (τ → lee) , effect of 
polarization,…


• FCNC: t →c + X, e+e- → tc ? Also e+e- → bs (in connection with LFUV in B decays?)
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• Outcome of the WG studies, including the developments 
on the above-mentioned topics, to be included in a new 
CLIC Physics Document


CLIC BSM Physics Report 

• Projected timeline: 

• Studies to be finished before Summer 2018


• Final document ready by Fall 2018

Jorge de Blas 
INFN - University of Padova

CLIC Physics: BSM Report
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