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Disclaimer: 

BSM space is Huge, impossible to have comprehensive list of model/parameter space;

Here I attempt to complement the current efforts and provide some examples.
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1.Fundamental or composite? 

2.SUSY?

3.Neutral Naturalness & Beyond?

4.Electroweak Phase Transition?

5.Higgs portal?

Big 

Questions

Big 

Opportunities

Top partner single and pair production 

searches, heavy resonance searches 

strong and healthy.* 

What else?

High Energy Higgs processes as 

probes

*theory refs:

Schmaltz, Zhong, 1810.10017

Dolan, Hewett, Kramer, Rizzo, 1601.07208

De Simone, Matsedonskyi, Rattazzi, Wulzer, 1211.5663

Han, Lewis, Liu, 1010.4309

http://arxiv.org/abs/arXiv:1810.10017
http://arxiv.org/abs/arXiv:1601.07208
http://arxiv.org/abs/arXiv:1211.5663
http://arxiv.org/abs/arXiv:1010.4309


Composite or not?

Zhen Liu          Direct BSM            WCJ@SLAC

With the heroic joint 

efforts from both the 

theorists and 

experimentalists, we can 

study the Higgs to great 

precision at the LHC and 

future colliders.
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Probing EFTs with hadron colliders

• High Λ suppression ⇒ Needs precision 
measurements

• Typically associated with EWPO
𝛿 ≲ 𝒪(1%)

• Does hadron collider play any rule?

Doable if
𝑆

𝐵
∝ 𝐸𝑛, 𝑛 ≥ 1

Example: Diboson processes
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Will show an example analysis with Zh(ll)(bb)

For more discussions on Higgs and EFT, see Ian Low’s talk this afternoon.



High energy probes

W.H. Chiu, ZL, L.-T. Wang, 1909.04549
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• Data binned by 𝑀𝑍ℎ with bin sizes of 150 GeV
• Estimated sensitivity regions with total 

significance of bins with 𝑀𝑍ℎ < Λ greater than 2 

(for 95% exclusion)

• Assume a universal 5% systematic uncertainty

• Included scale uncertainty

6
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High energy probes

Shall be viewed as a flavor-dependent probe, as these 

primary processes are first generation dominated
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High energy probes v.s. EWPO and flavor
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W.H. Chiu, ZL, L.-T. Wang, 1909.04549

• For Unity Wilson Coefficient, HL-

LHC ZH process can probe up to 3 

TeV

• Sensitivity extend beyond 4.5 TeV 

for stronger interactions

• One does obtain more sensitivity 

when compared to LEP

• In the first two-generation partial 

universal theories, covers more than 

flavor constraints

7

http://arxiv.org/abs/arXiv:1909.04549


1.Fundamental or composite? 

2.SUSY?

3.Neutral Naturalness & Beyond?

4.Electroweak Phase Transition?

5.Higgs portal?

Big 

Questions

Big 

Opportunities
Squark, Slepton, Ewino, etc

direct pair production 

searches strong and healthy.* 

What else?

Heavy Higgs as portal to 

SUSY sectors

*theory refs:

A series of work by: Cahill-Rowly, Gainer, Hewett, Ismail, Rizzo, et al;

J.M. Yang et al; T. Han, F. Kling, ZL, S. Su, et al; Ellis et al…



Zhen Liu          Direct BSM            WCJ@SLAC

Heavy Higgs Decays beyond SM

9



Zhen Liu          Direct BSM            WCJ@SLAC

Heavy Higgs bosons as 

Portals to Supersymmetric 

Electroweak Sector

• As discovery channel of heavy 

Higgs bosons

• As discovery channel of SUSY 

EW States

• As complementary coverage in 

heavy Higgs parameter space

Heavy Higgs Decays beyond SM
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Branching fractions
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• coupling proportional to Atau, constrained by vacuum stability

• BR(A/H->staus) can also be ~O(10)%; comparable/larger than BR(A/H->tau), scales similarly with tanbeta

• same final state in signal as A/H -> tau search channel, with more MET

mA=800 GeV

mstau=mHiggsinos=350 GeV

mBino=150 GeV

Atau= 1 TeV

S. Gori, ZL, B. Shakya, 1811.11918

10

http://arxiv.org/abs/arXiv:1811.11918


New Channels
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S. Gori, ZL, B. Shakya, 1811.11918
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http://arxiv.org/abs/arXiv:1811.11918


Portal to EWino
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S. Gori, ZL, B. Shakya, 1811.11918

12

http://arxiv.org/abs/arXiv:1811.11918


Portal to EWino
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Colors:

• Cross section 10s of fb;

• For low tanbeta, competitive with direct pair production

• New kinematic features from the resonance decays

Higgsino cross section 

lower; current limit weaker.

13



Kinematic features & selection

Zhen Liu          Direct BSM            WCJ@SLAC

Focusing on the Z->ll channel, 

Dominant background, multi boson
14



Sensitivities
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• Magenta lines: 

95% exclusion 

at HL-LHC

• Magenta 

dashed: 

discovery at HL-

LHC

• Black lines: 95% 

exclusion at 

LHC 300 fb^-1

Improving Higgsino coverages at HL-LHC through new channel;

Lower tan\beta values really strong due to the larger gg->H,A cross section

S. Gori, ZL, B. Shakya, 1811.11918

15

http://arxiv.org/abs/arXiv:1811.11918


Competitive to direct searches

Zhen Liu          Direct BSM            WCJ@SLAC

• Magenta lines: 95% exclusion at HL-LHC

• Magenta dashed: discovery at HL-LHC

• Black lines: 95% exclusion at LHC 300 fb^-1

In the mA-tan\beta plane:

• Blue shades: current limits from H𝜏𝜏

• Gray shades:

• Upper: projections from H𝜏𝜏

• Lower: projections from ggHtt, and 

ppttH, Htt

• Very interesting and nice coverage of the Wedge 

region; excellent discovery and exclusion potential

S. Gori, ZL, B. Shakya, 1811.11918
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http://arxiv.org/abs/arXiv:1811.11918


Portal to Staus

Zhen Liu          Direct BSM            WCJ@SLAC

S. Gori, ZL, B. Shakya, 1811.11918
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http://arxiv.org/abs/arXiv:1811.11918


Heavy Higgs to staus

Zhen Liu          Direct BSM            WCJ@SLAC

Red lines: our new search limits

Solid:MT2>40 GeV

DotDashed:MT2 >80 GeV

Dashed: MT2 > 120 GeV

Blue: projection from H->tautau on our signal

Heavy Higgs as a portal to staus:

• Significantly improve stau coverage;

• Significant improvements comparing to the 

standard H->tautau analysis

• Comparable in MA-tan\beta coverage to the 

standard ones
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Many more channels to study

Zhen Liu          Direct BSM            WCJ@SLAC 19



Coannihilation and LLP

Zhen Liu          Direct BSM            WCJ@SLAC

Mono-jet + (soft) displaced tracks

Work in progress, H. An, ZL, et al

Keung, Low, Zhang 1703.02977

on DM relic

T. Han, ZL, A. Natarajan, 1303.3040

20

http://arxiv.org/abs/arXiv:1703.02977
http://arxiv.org/abs/arXiv:1303.3040


Coannihilation and LLP
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Coannihilation and LLP

Zhen Liu          Direct BSM            WCJ@SLAC
Monojet+(soft) displaced tracks will cover this well motivated 

region, making direct DM and coannihilator discovery

Mono-jet + (soft) displaced tracks

Work in progress, H. An, ZL, et al

Keung, Low, Zhang 1703.02977

on DM relic

T. Han, ZL, A. Natarajan, 1303.3040

Stau coannhiliation predicts soft (but prompt) 

tau leptons, needs to go after soft leptons

20

http://arxiv.org/abs/arXiv:1703.02977
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1.Fundamental or composite? 

2.SUSY?

3.Neutral Naturalness & Beyond?

4.Electroweak Phase Transition?

5.Higgs portal?

Big 

Questions

Big 

Opportunities
Higgs decays to Long-lived 

particles & beyond



Higgs to LLPs: LLP triggers greatly boost the reach

Zhen Liu          Direct BSM            WCJ@SLAC

J. Liu, ZL, LT Wang, 1805.05957

Model building: Chacko, Goh, Harnik, hep-ph/0506256, hep-ph/0512088, +Burdman hep-

ph/0609152+many… Pheno: Craig, Katz, Strassler, Sundrum 1501.05310 +many…
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Higgs to LLPs: LLP triggers greatly boost the reach
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A lot new ideas and possibilities to 

improve the Higgs to long-lived particles 

searches; (See LLP talks and discussion 

today and tomorrow, e.g, by F. Kling, S. 

Pagan Griso)

J. Liu, ZL, LT Wang, 1805.05957

Model building: Chacko, Goh, Harnik, hep-ph/0506256, hep-ph/0512088, +Burdman hep-

ph/0609152+many… Pheno: Craig, Katz, Strassler, Sundrum 1501.05310 +many…
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Higgs to LLPs: LLP triggers greatly boost the reach

Zhen Liu          Direct BSM            WCJ@SLAC

A lot new ideas and possibilities to 

improve the Higgs to long-lived particles 

searches; (See LLP talks and discussion 

today and tomorrow, e.g, by F. Kling, S. 

Pagan Griso)

J. Liu, ZL, LT Wang, 1805.05957

Model building: Chacko, Goh, Harnik, hep-ph/0506256, hep-ph/0512088, +Burdman hep-

ph/0609152+many… Pheno: Craig, Katz, Strassler, Sundrum 1501.05310 +many…

Beyond Neutral Naturalness also predicts quirk like signatures for 

top partners: M. Luty, 0805.4642 + J. Evans, 1811.08903 22

http://arxiv.org/abs/arXiv:1805.05957
http://arxiv.org/abs/hep-ph/0506256
http://arxiv.org/abs/hep-ph/0512088
http://arxiv.org/abs/hep-ph/0609152
http://arxiv.org/abs/arXiv:1501.05310
http://arxiv.org/abs/arXiv:0805.4642
http://arxiv.org/abs/arXiv:1811.08903


1.Fundamental or composite? 

2.SUSY?

3.Neutral Naturalness & Beyond?

4.Electroweak Phase Transition?

5.Higgs portal?

Big 

Questions

Big 

Opportunities

Trilinear Higgs measurements program 

strong and healthy. What else?

HH resonance

Higgs exotic decays



Unfamiliar look of heavy Scalars
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signal

Background

D. Dicus, A. Stange, S. Willenbrock, 1991; See also recent work by M. Carena, ZL, 1608.07282 N. 

Craig, F. D’Eramo, P. Drapper, S. Thomas, H. Zhang   arXiv:1504.04630 and also Jung, Sung, Yoon 

arXiv:1505.00291, S. Gori, I.-W. Kim, N. Shah, K. Zurek arXiv:1602.02782

Plus s- and u- channel

Plus s-channel 𝑞ത𝑞 → 𝑡 ҧ𝑡

LHC being top factory, the 𝑡 ҧ𝑡 statistics is very good. 𝑆/ 𝐵 is 

quite reasonable. 

However, the challenges lie in the interference effect.

ATLAS PRL, 17’

24

http://arxiv.org/abs/arXiv:1608.07282
http://arxiv.org/abs/arXiv:1504.04630
http://arxiv.org/abs/arXiv:1505.00291
http://arxiv.org/abs/arXiv:1602.02782


Challenges (interferences)

Zhen Liu          Direct BSM            WCJ@SLAC 25

Triangle loop 

function

Once across the threshold, imaginary 

piece arises drastically and the real piece 

decreases.

B.W.

Re. Int.

Im. Int.

Background real

Re. Int.– Interference from the real part of the 

propagator (normal interference, parton level no 

contribution to the rate, shift the mass peak)

Im. Int.– Interference from the imaginary part of 

propagator (rare case, changes signal rate) 

A strong phase

``insensitive”* to phase in the Yukawa as the 

signal amplitudes is proportional to 𝑦𝑡
2.

*subject to difference in loop functions



HH resonances with nontrivial interference

Zhen Liu          Direct BSM            WCJ@SLAC

Singlet extension of the SM helps strengthen 

the electroweak phase transition.

M. Carena, ZL, M. Riembau, 1801.00794

26

http://arxiv.org/abs/arXiv:1801.00794


Interference Line shape

Zhen Liu          Direct BSM            WCJ@SLAC

Logarithmic to see other components;

Dashed represent destructive interference;

Dark blue, unique on-shell constructive interference

M. Carena, ZL, M. Riembau, 1801.00794

27

http://arxiv.org/abs/arXiv:1801.00794


Size of the on-shell interference
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The size of the on-shell interference effect

w.r.t. the resonant signal.

For different parameters, it could be up to

40% below 1 TeV or increase even further 

for heavier singlet masses.

28



Interference Line shape

Zhen Liu          Direct BSM            WCJ@SLAC

Using the bb𝛾𝛾 analysis done by Azatov, Contino, Panico and

Son 15’, we perform a differential analysis of the lineshapes:

• Black/red lines, w/wo interference effect;

• Purple shaded region, 1st Order Phase transition through

an EFT analysis;

• The correct inclusion of the interference effect extend our

sensitivity in the 1st order PT

• Correctly taking into account this effect can enhance the 

signal strength sizably and differential lines hape analysis 

shows that the inclusion of interference effect will 

enhance the sensitivity to this model.

• The interference effect is relevant where a first order 

electroweak phase transition is enabled in this model 

through a simplified EFT analysis.

M. Carena, ZL, M. Riembau, 1801.00794
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Blind spot: spontaneous Z2 breaking

Zhen Liu          Direct BSM            WCJ@SLAC 30

Spontaneous Z2 breaking singlet extension of the 

SM well motivated. It can also be viewed as a proxy 

(simplified discussion) to evaluate:

Dark sector gauge theories needs to be Higgsed;

Dark Higgs talks to our sector through the H^2 

H_d^2 mixing quartic;

M. Carena, ZL, Y.K. Wang, to appear
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(simplified discussion) to evaluate:

Dark sector gauge theories needs to be Higgsed;

Dark Higgs talks to our sector through the H^2 

H_d^2 mixing quartic;

M. Carena, ZL, Y.K. Wang, to appear

However, answer not clear:

• No explicit studies in the literature (they are either 

Z2 preserving or explicit Z2 breaking);

• Large mixing quartic disallowed (not like the Z2 

preserving case)

• No H^6 operator generated at tree level (not like 

the explicit Z2 breaking case).
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Predicts Hss exotic decays and modified HH production

Zhen Liu          Direct BSM            WCJ@SLAC

M. Carena, ZL, Y.K. Wang, to appear
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1.Fundamental or composite? 

2.SUSY?

3.Neutral Naturalness & Beyond?

4.Electroweak Phase Transition?

5.Higgs portal?

Big 

Questions

Big 

Opportunities

Higgs exotic decays

Zurek, Strassler



• Higgs boson can easily and well-motivated to be the portal to other BSM sectors. While most searches 

focus on heavy BSM particles, there is a whole zoo of light BSM particle not well explored at colliders. 

(theoretical interests)

• The precision does not pin-point a scale, the exotic decays are to fully probe the scale below Higgs 

mass. **

(complementarity)

• Higgs has tiny width ~4 MeV 
Γ

𝑀
= 𝑂 10−5

Zhen Liu          Direct BSM            WCJ@SLAC

*all* its decay modes are suppressed by various factors, 

couplings, loop-factors, phase-space, etc.

Dominant decays into bottom quark pairs are suppressed by 

the tiny coupling 𝑦𝑏 = 0.017

Higgs portal & exotic decays
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Organizing the exotic decays

34

1312.4992

http://arxiv.org/abs/arXiv:1312.4992
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• ~0.5 Billions Higgs produced at HL-LHC; 

• 2-3 orders of magnitude more than future 

Higgs factories;

• Unique Higgs properties can be learned 

and great discovery potential for certain 

channels;

Coverage & Potential
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Coverage & Potential
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Coverage & Potential
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Coverage & Potential

For a comparative study with future colliders, see ZL, L.-T. Wang, H. Zhang, 1612.09284

38
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Coverage & Potential

For a comparative study with future colliders, see ZL, L.-T. Wang, H. Zhang, 1612.09284

38

• Upcoming LHC runs will push our knowledge of the Higgs boson rare and 

exotic decays to new territory by an order of magnitude or more; A lot of new 

search channels to be covered, especially those with missing energy;

• Will achieve some very interesting benchmarks with the improved precision, 

e.g., probing Higgs decays to mesons, providing non-trivial tests to SM, 

QCD, and interferences;

• Higgs CPV, Flavor-violating, (a zoo of) Long-lived signatures to be explored 

(see many talks in this workshop);

• Higgs rare decays such as diphoton, dimuon and gluon-fusion rate are 

competitive when compared with future lepton collider Higgs factories.

http://arxiv.org/abs/arXiv:1612.09284
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Experimental Opportunities

(or theory input pressures):

• Go differential;

• Go compressed & soft;

• Go complex (features or topology);

• Go exotic (with new search ideas);

• Go reference free (anomaly 

detection)(e.g., Collins, Howe, Nachman, 

1805.02664, Hajer, Li, Liu, Wang 1807.10261);

Machine Learning can help handle (see B. Nachman’s talk next) and 

Hardware (upgrades, triggers) are crucial for some of these 

challenging tasks (see Arial Schwartzmann, S. Pagan Griso, L. Tompkins et al’s

discussion)

Looking forward to the 

presentations and 

discussions at this 

workshop!

Thank you!

http://arxiv.org/abs/arXiv:1805.02664
http://arxiv.org/abs/arXiv:1807.10261


Neutral Naturalness

Zhen Liu          Direct BSM            WCJ@SLAC From N. Craig’s Naturalness talk at 

DPF meeting 2017
59



Sketching the interference
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𝐼𝑚 𝑐𝑠𝑖𝑔𝑐𝑏𝑘𝑔
∗ = csig |cbkg

∗ |sin(𝛿𝑠𝑖𝑔 − 𝛿𝑏𝑘𝑔)

Remarks on strong v.s. weak phase

𝐴+ = |𝐴+|𝑒
𝑖(𝛿+𝜃𝐶𝑃/2)

𝐴− = 𝐴+ 𝑒𝑖(𝛿−𝜃𝐶𝑃/2)

For neutral process, without construction of CP-order observables, the rate will be 

affected in a factorized way:

2𝐼𝑚 (𝑐𝑠𝑖𝑔
+ + 𝑐𝑠𝑖𝑔

− 𝑐𝑏𝑘𝑔]𝐼𝑚 𝑃 Ƹ𝑠

= 2 𝑐𝑠𝑖𝑔
+ 𝐼𝑚 𝑃 Ƹ𝑠 {sin 𝛿𝑠𝑖𝑔 +

𝜃𝐶𝑃
2

− 𝛿𝑏𝑘𝑔 +sin 𝛿𝑠𝑖𝑔 −
𝜃𝐶𝑃
2

− 𝛿𝑏𝑘𝑔 }

= 4 𝑐𝑠𝑖𝑔
+ 𝐼𝑚 𝑃 Ƹ𝑠 sin 𝛿𝑠𝑖𝑔 − 𝛿𝑏𝑘𝑔 cos(

𝜃𝐶𝑃
2
)
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Stau parameter dependence

Zhen Liu          Direct BSM            WCJ@SLAC

• Trilinear Soft SUSY breaking parameter 

dependence;

• Shaded region: charge breaking vacuum;

• Dashed lines, 

• larger than A->tautau
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Kinematic features

Zhen Liu          Direct BSM            WCJ@SLAC

Due to additional decay chain, in comparison with standard H->tautau:

Tau leptons are softer, Additional MT2

In comparison with standard stau pair production:

Additional associated b jets; Harder taus from resonances decay
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New search

Zhen Liu          Direct BSM            WCJ@SLAC

We recasted H->tautau analysis in four signal regions, 

finding hadronic taus with additional b-jet most sensitive
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Branching fractions

Zhen Liu          Direct BSM            WCJ@SLAC

Mass and tan\beta dependence;

In general one can achieve O(1~10%) in the region of interests.

S. Gori, ZL, B. Shakya, 1811.11918
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Strong Phases

Zhen Liu          Direct BSM            WCJ@SLAC

Solid/Dotted/Dashed, scattering angle of 0/0.5/1;

• Blue: the phase of the triangle diagram;

• Magenta: the phase of the box diagram;

• Yellow: the relative phase between them;

The consequent on-shell interference does not vanish 

in the narrow width limit!

M. Carena, ZL, M. Riembau, 1801.00794
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Heavy Higgs (alignment) into bosons
--Suggested Figures

Heavy Higgs exotic decays (Shufang’s works, with her slides in this folder)
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Heavy Higgs through

Heavy Higgs exotic decays (in NMSSM, more Higgs bosons available)

N. Christensen, T. Han, Z. Liu, S. Su arXiv:1303.2113

also S. King, M. M¨uhlleitner, R. Nevzorov, K. Walz, arXiv:1408.1120

and CERN YR4
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Constraints from flavor

• This type of model contributes to FCNCs, strongest constraint form D-Dbar mixing

• For Δ𝐶 = 2, 2 classes of processes:
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Constraints from flavor (cont.)

• Contributes to 2 different Δ𝐶 = 2, 𝑑 = 6 operators:
ҧ𝑐𝐿𝑢𝑅 ҧ𝑐𝑅𝑢𝐿 and ҧ𝑐𝑅𝛾𝜇𝑢𝑅 ҧ𝑐𝑅𝛾

𝜇𝑢𝑅

• Parametrically, the corresponding Wilson coefficients are given by

1

16𝜋2
𝑣2

𝑀𝑍
2

𝑀𝑏
2

𝑀𝑊
2

𝑐𝐻𝑢
Λ2

𝑉𝑢𝑏 𝑉𝑐𝑏 𝑈𝑅,𝑢𝑢
† 𝑈𝑅,𝑢𝑐 ≲ 1.6 × 10−7

1

1 TeV

2

3
𝑐𝐻𝑢
Λ2

𝑣 𝑈𝑅,𝑢𝑢
† 𝑈𝑅,𝑢𝑐

2

≲ 5.7 × 10−7
1

1 TeV

2

1 O. Gedalia et al, 0906.1879
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Constraints from flavor (cont.)

• Consider 2 generation universal theories

𝑈𝑅,𝑢𝑢
† 𝑈𝑅,𝑢𝑐 → 𝑈𝑅,𝑢𝑢

† 𝑈𝑅,𝑢𝑐 + 𝑈𝑅,𝑢𝑐
† 𝑈𝑅,𝑐𝑐 = −𝑈𝑅,𝑢𝑡

† 𝑈𝑅,𝑡𝑐

• Dominated by
ΔΓ 𝑍 → 𝑐 ҧ𝑐

Γ 𝑍 → 𝑐 ҧ𝑐
≈ 1.6%

→
𝑐𝐻𝑢

ΛTeV
2 ≲ 0.163

1 PDG, Phys.Rev.D98, 030001

1
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Higgs decays to mesons

Higgs'to'mesons'
• Rare'decays'of'the'Higgs'boson'to'a'meson'and'a'photon'give'a'direct'

window'to'the'Yukawa'couplings.'

18'
Zhen Liu          Direct BSM            WCJ@SLAC

From Exotic Higgs group report talk by 

Cécile Caillol, Mar. 2018

Current limits

<8.8x10-4

<?

<4.8x10-4

<1.5x10-3

<1.3x10-3

<1.9x10-3

<1.3x10-3
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Higgs decays to mesons

Higgs'to'mesons'
• Rare'decays'of'the'Higgs'boson'to'a'meson'and'a'photon'give'a'direct'

window'to'the'Yukawa'couplings.'

18'
Zhen Liu          Direct BSM            WCJ@SLAC

Current limits

<8.8x10-4

<?

<4.8x10-4

<1.5x10-3

<1.3x10-3

<1.9x10-3

<1.3x10-3

• Results from 1607.03400, 1507.03031, 1501.03276, 1712.02758, 1507.03031 

• Most results from 8 TeV puts an upper bound of ~1.5x10-3

• 13 TeV 36 fb-1 start to lead us to realm of 10-4

• Upcoming LHC runs will lead us to the realm of ~10-5 **

• We will be able to measure these these rare decays of the Higgs boson, providing very nontrivial test 

of the Higgs boson properties, QCD and interference

• Many new modes to measure H->mesons+W, mesons+Z, etc. (Study and recommendation ongoing)

• HL will push our knowledge of the Higgs boson rare and exotic decays to new territory by an order of 

magnitude or more; A lot of new search channels to be covered, especially those with missing energy;

• Will achieve some very interesting benchmarks with the improved precision, e.g., probing Higgs 

decays to mesons, providing non-trivial tests to SM, QCD, and interferences;

• Higgs CPV, Flavor-violating, (a zoo of) Long-lived signatures to be explored (see many talks in this 

workshop);

• Higgs rare decays such as diphoton, dimuon and gluon-fusion rate are competitive when compared 

with future lepton collider Higgs factories.
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I𝐧𝐭𝐞𝐫𝐟𝐞𝐫𝐞𝐧𝐜𝐞𝐬 𝐢𝐧 𝑔𝑔 → 𝑆 → 𝑡 ҧ𝑡
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𝑔𝑔 → 𝑆 → 𝑡 ҧ𝑡 is a well—motivated channel for the hunt of heavy scalars

The interference effect augmented by the strong phase generated by the top loop  generates interesting 

shapes. (The effect is always there regardless of the width!)

Opportunities to increase the observational aspects resides on both the theoretical side (including nearly 

degenerate bosons,  CP phases, additional contributions form light quarks, and heavy colored particles) and experimental side 
(reducing the systematics with copious tops produced at the LHC, starting to face this challenge by using line-shape profile search

ATLAS-2016-073, and move on from there.)

Other channels and effects, including ttH, tH (see in N. Craig, F. D’Eramo, P. Drapper, S. Thomas, H. Zhang   

arXiv:1504.04630 and J. Hajer, Y.-Y. Li, T. Liu J. Shiu arXiv:1504.07617, S. Gori, I.-W. Kim, N. Shah, K. Zurek arXiv:1602.02782 , N. Craig,

J. Hajer, Y. Li, T. Liu, H. Zhang, arXiv:1605.08744, B. Hespel, F. Maltoni, E. Vryonidou arXiv:1606.04149),H+jet, charged Higgs 

searches, and how stable such effects are against QCD corrections (see a case study in W. Bernreuther, P. Galler, C. 

Mellein, Z.-G. Si, P. Uwer arXiv:1511.05584), ttbar differential observables ( W. Bernreuther, P. Galler, C. Mellein, Z.-G. Si, P. Uwer

arXiv:1702.06063). Also other decay channels may have such effect large (see in Jung, Sung, Yoon, arXiv:1510.03450,  

arXiv:1601.00006).

Interference effect is important for many BSM bump hunting, especially for the case of better and better 

limits. (as the relative strength of the interference pieces increases relatively to the B.W. piece.)

http://arxiv.org/abs/arXiv:1504.04630
http://arxiv.org/abs/arXiv:1504.07617
http://arxiv.org/abs/arXiv:1602.02782
http://arxiv.org/abs/arXiv:1605.08744
http://arxiv.org/abs/arXiv:1606.04149
https://arxiv.org/abs/1511.05584
http://arxiv.org/abs/arXiv:1702.06063
http://arxiv.org/abs/arXiv:1510.03450
http://arxiv.org/abs/arXiv:1601.00006

