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Higgs Discovery implies:

New Force(s)! Exciting!

New opportunities. 

First time, a (maybe fundamental) scalar!
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COUPLINGS

• Gauge coupling

• Yukawa coupling—new forces 

• Self coupling—new force
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Derived couplings
𝐻𝛾𝛾, 𝐻𝑔𝑔,𝐻𝑍𝛾,…



Measurements must be interpreted.

Observables at the LHC is the cross section, a convolution of PDF, hard 
scattering, parton shower, detector response …

(Similar for many observables at the CEPC)

For the hard scattering:

𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
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𝜅𝑖 =
𝑔𝑖

𝑔𝑖
𝑆𝑀 , 𝜅𝑡𝑜𝑡 =

Γ𝑡𝑜𝑡

Γ𝑡𝑜𝑡
𝑆𝑀



QUICK LOOK AT FITTING
--WITH PLAIN LANGUAGE

• A measurement itself provide a distribution function of the “true” underlying 
value of such measurement, e.g., for statistical dominated processes, it’s a 
Poisson distribution → Gaussian distribution (with large numbers).

• Such a distribution can be interpreted as a (maybe convoluted) function of 
parameters, including theory input parameters, instrumental parameters, 
etc.

• For a set of measurements, define a likelihood function; provide the test 
input parameters, evaluate the set of parameters that maximizes the 
likelihood function.

• Then evaluate individual parameters error band by

• A) profiling other parameters by choosing their values freely such that for a 
given target parameter’s value, the likelihood function is optimized;

• B) marginalizing other parameters by simply “integrating” them out. 
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𝜅-SCHEME

All SM Higgs couplings can be modified by factor 𝜅(s).

e.g., SM Higgs mixes with a Singlet S
𝐻 = cos𝜃 ℎ + 𝑠𝑖𝑛𝜃 𝑆

Basically all SM couplings reduced by a factor 
𝜅 = 𝑐𝑜𝑠𝜃

Theoretical motivation:

Hidden Valley, Higgs portal, singlet-assisted EWBG
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𝜅-SCHEME

All SM Higgs couplings can be modified by factor 𝜅(s).

e.g., 2HDM with 𝑍2
𝐻 = cos𝛼 ℎ1 + 𝑠𝑖𝑛𝛼 ℎ2

Basically all SM couplings reduced by several factors (Type-II) 
𝜅𝑧,𝑤, 𝜅𝑢, 𝜅𝑑 , 𝜅𝑙

Determined by model parameters
𝑡𝑎𝑛𝛽, 𝛼, (𝜆𝑠)

For MSSM, radiative corrections modifies the Yukawas differently, inducing 
more 𝜅s.
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Measurements must be interpreted.

Observables at the LHC is the cross section, a convolution of PDF, hard 
scattering, parton shower, detector response …

(Similar for many observables at the CEPC)

For the hard scattering:

𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡

• If 𝜅𝑡𝑜𝑡 = 𝜅𝑖
2𝜅𝑗

2, the observed rates do not change.
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𝜅𝑖 =
𝑔𝑖

𝑔𝑖
𝑆𝑀 , 𝜅𝑡𝑜𝑡 =

Γ𝑡𝑜𝑡

Γ𝑡𝑜𝑡
𝑆𝑀



𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
So, I can “freely” scale all the couplings probed (indirectly) by 
experiment by a factor of 𝑓, as long as I scale the total width of 
the Higgs by a factor of 𝑓4, the observed Higgs rates do not 
change.
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How can we learn more about Higgs couplings?

Can we really scale the Higgs couplings “freely”?

• Couplings scaled by 𝑓, corresponding partial width as a result is scaled 

by 𝑓2. To make the observed cross sections not change, the total width 

need to be scaled by 𝑓4

• But total width is the sum of all partial widths, this implies

• For 𝑓 > 1,

The total width need to contain some partial width that is not 

probed by experiments, so as to increase the total width faster than 

probed partial widths.

e.g., increased production rate, decreased BR, leads to same 

rate.

• For 𝑓 < 1,
The total width need to decease more than partial widths; but it at 

least contains all the partial widths probed. So there exists a “model-

independent” lower bound on the Higgs width and probed couplings. 



𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
So, I can “freely” scale all the couplings probed (indirectly) by 
experiment by a factor of 𝑓, as long as I scale the total width of 
the Higgs by a factor of 𝑓4, the observed Higgs rates do not 
change.
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How can we learn more about Higgs couplings?

Can we really scale the Higgs couplings “freely”?

No. 

• Changing the Higgs couplings arbitrarily could induce problems, non-

pertubativity, unitarity violation, violates precision measurements.

Yes. 

• It’s like the other side of a coin, some effects above just implies BSM 

physics nearby. If the deviations are small, it could consistently point us 

to a feasible NP scale. 

• Many theories does modify all the couplings, e.g. SUSY, composite 

Higgs, etc.



𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
So, I can “freely” scale all the couplings probed (indirectly) by 
experiment by a factor of 𝑓, as long as I scale the total width of 
the Higgs by a factor of 𝑓4, the observed Higgs rates do not 
change.

3/17/2015IHEP EPD Seminar                                U. of Pittsburgh/FermiLab                                   刘真

11

How can we learn more about Higgs couplings?

Can we really scale the Higgs couplings “freely”?

Assuming yes (conventionally people call this “model-independent”)

Pros: 

“minimum bias”, “little caveats”, interpretation almost independent of BSM 

physics scenarios.

Cons:

Difficult and large uncertainty since scale factor 𝑓 could be arbitrary. 

Need to think hard to pin it down. 



𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
So, I can “freely” scale all the couplings probed (indirectly) by 
experiment by a factor of 𝑓, as long as I scale the total width of 
the Higgs by a factor of 𝑓4, the observed Higgs rates do not 
change.
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Before moving on to scenarios at different colliders,

The real difficulty of this 𝑓-scaling “invariance” is that we cannot pin down 

the absolute values of any of the couplings, or the width. 

Once we find a way to determine any of above 𝜅s, others absolute values 

can be determined subsequently. 

For instance, if one can measure 𝜅𝑍, and 𝜎 𝑍 → 𝐻 → 𝑍 , 𝜅𝑡𝑜𝑡 ∝
𝜅𝑍
4

𝜎(𝑍→𝐻→𝑍)
, and 

vice versa. 

The width is often the quantity we are trying to pin down, because 1) this 

physical quantity has kinematical meaning; 2) a convenient quantity to 

derive others... (will explain later).  We thus choose the total width as the 

symbolic quantity to determine. Following discussions of different colliders 

won’t change much if we choose other 𝜅.



𝜎 𝑖 → 𝐻 → 𝑗 ∝
Γ𝑖Γ𝑗

Γ𝑡𝑜𝑡
∝
𝜅𝑖
2𝜅𝑗

2

𝜅𝑡𝑜𝑡
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Given this scaling-fact, really hard to extract the 

absolute values of the couplings (and width). 

If we can measure one of the 𝜅(s), all others will be simultaneously 

determined.



Higgs Width ~4.2 MeV

Extremely narrow to determine from the line-shape of the final states at 
colliders. 

Before heading to the CEPC, we should try to see what we can learn from the 
LHC.

3/17/2015IHEP EPD Seminar                                U. of Pittsburgh/FermiLab                                   刘真

14



Total Width at the LHC (go off-shell!)

On-shell:

Off-shell:

The cross sections:
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arXiv:1405.3455

F. Caola and K. Melnikov arXiv:1307.4935

And N. Kauer and G.Passarino

arXiv:1206.4803 estimated an “eventually” 

reach of ~10 SM width; CMS with current 

data ~5.4 SM witdh;

arXiv:1405.0285

http://arxiv.org/abs/arXiv:1405.3455
http://arxiv.org/abs/arXiv:1307.4935
http://arxiv.org/abs/arXiv:1206.4803
http://arxiv.org/abs/arXiv:1405.0285
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On-shell:

Off-shell:

The cross sections:

F. Caola and K. Melnikov arXiv:1307.4935

And N. Kauer and G.Passarino

arXiv:1206.4803 estimated an “eventually” 

reach of ~10 SM width; CMS with current 

data ~5.4 SM witdh;

Great measurement, but:

1) On-shell rate uncertainty
2) Loop-runninginterplay of (at least) 

undetermined Top Yukawa

3) Many possible NP input at higher inv. 

masses.

4) Higher order corrections. 

See discussions in e.g., arXiv:1405.0285,

arXiv:1410.5440, arXiv:1412.7577, 

arXiv:1502.04678 , …

Higher order corrections at 

Hadron colliders is going limit 

the precision of this 

measurement at O(1) level.

http://arxiv.org/abs/arXiv:1307.4935
http://arxiv.org/abs/arXiv:1206.4803
http://arxiv.org/abs/arXiv:1405.0285
http://arxiv.org/abs/arXiv:1410.5440
http://arxiv.org/abs/arXiv:1412.7577
http://arxiv.org/abs/arXiv:1502.04678


OTHER POSSIBILITIES

• gg->H->ZZ

• gg->H->WW

• VBF->H->ZZ

etc. 

Why not diphoton?
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Dixon, Li 

arXiv:1305.3854

Large background. 

So a different technic of measuring 

the mass peak shift comparing to ZZ* 

channel is proposed.

Interference with the irreducible 

background shifts the invariant mass 

peak.

http://arxiv.org/abs/arXiv:1305.3854


LHC WIDTH SUMMARY

• Total width can be determined by making off-shell Higgs measurements

• With careful treatment, and assuming no new physics contribute to off-shell 
process other than modifying the Higgs directly, a few times the SM width 
precision can be achieved

• Future HL-LHC measurements will improve but is estimated at O(1) precision 
level from difficulties in higher order corrections.
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CONSTRAINED 𝜅-SCHEME

Add some assumptions

• Choice 1: Assuming no 𝐵𝑟𝑒𝑥𝑜, so Γ𝑡𝑜𝑡 has to scale as 𝑓 but not 𝑓2 since Γ𝑡𝑜𝑡 =
ΣΓ𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑏𝑙𝑒

Total width is no longer a free parameter, but rather a derived quantity from 
all observable partial widths.

Most of the LHC result seen are under this assumption.
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CONSTRAINED 𝜅-SCHEME

Add some assumptions

• Choice 1: Assuming no 𝐵𝑟𝑒𝑥𝑜, so Γ𝑡𝑜𝑡 has to scale as 𝑓 but not 𝑓2 since Γ𝑡𝑜𝑡 =
ΣΓ𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑏𝑙𝑒

Total width is no longer a free parameter, but rather a derived quantity from 
all observable partial widths.

Most of the LHC result seen are under this assumption.
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This assumption is justified that 

it’s applicable to BSM models with 

no additional states lighter than 

the Higgs mass, provided that 

Higgs decays to light quarks not 

modified too much.



CONSTRAINED 𝜅-SCHEME

Add some assumptions

• Choice 2: Assuming upper bound on certain couplings from theoretical 
requirement.

e.g. 𝜅𝑊, 𝜅𝑍 ≤ 1, which is true for most models without Higgs triplet or higher 
reps. 

e.g., 
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arXiv:1210.3342

An obvious 

asymmetric error 

band on 𝜅𝑊, 𝜅𝑍.

This results assumes 

𝜅𝑊 = 𝜅𝑍 = 𝜅𝑉 as a 

result of constrains 

from 𝜌 with some 

exceptions. 

http://arxiv.org/abs/arXiv:1210.3342


HIGGS PHYSICS AT CEPC HIGGS FACTORY
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Millions of Higgs at the CEPC clean 

environment

Especially these with the nice recoil Z-boson 

reconstructed 

Higgs 

Production



“recoil mass technique”:
No additional assumption

Inclusive Higgs measurement

Coupling square measurement (HZZ)

 freeze scaling factor 𝑓

Knowing the Initial State Four 

momenta.
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Nice recoil mass peak at 240~250 GeV, where ZH associated production rate 

is optimized. 

Using dilepton (also dijet) invariant mass to tag Z-boson, and then find the 

recoil mass peak.

The Key-measurement at the CEPC. 

𝑍 → 𝜇𝜇
𝐻 → 𝐴𝑛𝑦𝑡ℎ𝑖𝑛𝑔

𝑍 → 𝑒𝑒
𝐻 → 𝐴𝑛𝑦𝑡ℎ𝑖𝑛𝑔

Mainly Bhabha

background
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𝑍 → 𝜇𝜇
𝐻 → 𝑏𝑏

𝑍 → 𝜇𝜇
𝐻 → 𝑐𝑐

𝑍 → 𝜇𝜇
𝐻 → 𝑔𝑔

𝑍 → 𝜇𝜇
𝐻 → 𝜇𝜇

Correlated with

𝑍𝐻,𝐻 → 𝑏𝑏
“background”

𝑊𝑊 𝑓𝑢𝑠𝑖𝑜𝑛
𝐻 → 𝑏𝑏
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A result of many efforts from different groups in universities and research 

institutes in China.
Some channels are full-detector simulation, some are fast 

simulation; some are with Z decaying to 𝜇 or 𝑒 only, some are also 

with hadronic Z decays. 
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That ILC 250 GeV as one example,

Δ𝜎𝑍𝐻
𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑣𝑒 = 0.5% ⇒ Δ𝜅𝑍 = 0.25%

But

Δ𝜎 𝑍𝐻,𝐻 → 𝑍𝑍∗ = 4.3%
All other couplings, e.g.

Δ𝜅𝜏
2 = Δ

𝜎 𝑍𝐻,𝐻 → 𝜏𝜏

𝜎 𝑍𝐻, 𝐻 → 𝑍𝑍∗
∗ 𝜅𝑍

2 > 4.3%

Leading contribution at 250 GeV is,

see CEPC pre-CDR, CEPC Higgs 

Whitepaper.



A GLANCE AT THE GLOBAL FIT RESULT
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Beyond LHC

“model-

independent” 
Combining with the LHC 
improves CEPC results, 

especially on 𝜇𝜇, 𝛾𝛾; 
LHC ratios of BRs contains the 
most important information.



The (HL-)LHC fit results are within the constrained fit scheme.

Since one of the biggest uncertainty of 𝑓-scaling is broken, the fitting result will 
be greatly improved comparing to the “model-independent” fit result from 
the CEPC.
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Be careful when comparing results with/without/with-different 

assumptions/schemes.  

CEPC fit result comparing with the LHC

Great Improvement!



FEW WORDS ON EFT SCHEME
One can write down all the allowed dim-6 operators that 
affects Higgs physics.

E.g. from RPP,
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FEW WORDS ON EFT SCHEME

One can write down all the allowed dim-6 operators that 
affects Higgs physics.

• Use E.o.M to write down a unique set of operators

• A single operator could be constrained by EWPO, e.g. STU, Z-
pole, TGC, Dipole

• There exists a set of operators only affecting Higgs physics
justifying the 𝜅-scheme.

• Possible co-existence of dim-6 operators that modify e.g. HZZ 
coupling, with different Lorentz structures. 
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FEW WORDS ON THEORETICAL 
UNCERTAINTIES
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Tables from Snowmass

Higgs report.
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Lepage, Mackenzie, Peskin, 

arXiv:1404.0319

http://inspirehep.net/author/profile/Lepage, G. Peter?recid=1288071&ln=en
http://inspirehep.net/author/profile/Mackenzie, Paul B.?recid=1288071&ln=en
http://inspirehep.net/author/profile/Peskin, Michael E.?recid=1288071&ln=en
http://arxiv.org/abs/arXiv:1404.0319


SUMMARY AND OUTLOOK

• Higgs physics is rich and challenging, and is the 
new lamppost for our exploration of fundamental 
physics.

• Many efforts from different directions, CEPC is very 
promising to provide valuable information through 
Higgs precision. 

• A lot to explore for Higgs physics at CEPC:
• more subprocesses such as hadronic- and 𝜏- Z boson in ZH 

processes

• detector design and study on jet-reconstruction and 
identification

• key background reduction like Barbar scattering

• reducing theoretical uncertainties

• Study for rare decays, CP, etc.
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Looking forward to the great physics at CEPC and SPPC

We all need to contribute!

Thank you!



OUTLOOK

• Jet-clustering/identification at the CEPC, where the picture could be 
completely different from hadron colliders, and their applications to BSM 
physics in addition to serving as QCD tests;

• Tau-lepton tag and its polarization at CEPC, and its application to 
asymmetries at both Z-pole and ZH;

• The CEPC sensitivities to some "not so rare" Higgs exotic decays, especially 
for these with trigger problems at the LHC (as CEPC triggering efficiency can 
be considered as 100% for any exotics);

• The CEPC sensitivity to Higgs "CP violation" as it probably is going to pin 
down the CP phase;

• A longer term plan for fully correlated analysis of Higgs precisions 
(systematic, interference in signal processes) should be in place.

3/17/2015IHEP EPD Seminar                                U. of Pittsburgh/FermiLab                                   刘真

41



BACKUP
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THINGS I WANT TO SHOW AT LEAST 
ONE SLIDE

• 𝜅-scheme

• EFT-scheme

• Exotic rare decays

• Flavor rare decays

• To mention: indirect, Higgs production from other decays, triple-Higgs 
couplings, CP, tth, etc.
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OUT OF THE BOX: DIRECT 
SEARCHES 
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Z-factor definitely will improve the case further!
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Table from Higgs Snowmass 

Report


