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Highlights and future perspective of the CEPC Physics
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• Status of the field

• Highlights at this workshop

• Outlook / what is needed for the future
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Status of the field

Q: What will the CEPC (or another e+e− collider) add to the (HL-)LHC?
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A: The CEPC will add precision ⇒ CEPC delivers ⊕ needs precision!

The CEPC can make discoveries ⇒ What can the CEPC detect/discover?

Where are we in this respect? (Status? What is needed? Achievement?)

− SM/EW → 13 talks

− QCD → 7 talks

− Higgs → 14 talks

− BSM → 9 talks

− Flavor → 8 talks
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Status of the field

Q: What will the CEPC (or another e+e− collider) add to the (HL-)LHC?

A: The CEPC will add precision ⇒ CEPC delivers ⊕ needs precision!

The CEPC can make discoveries ⇒ What can the CEPC detect/discover?

Where are we in this respect? (Status? What is needed? Achievement?)

− SM/EW → 13 talks

− QCD → 7 talks

− Higgs → 14 talks

− BSM → 9 talks

− Flavor → 8 talks

⇒ Impossible (and useless) to cover every single talk

⇒ Flavor of what has been discussed
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Further complications for an overview:

Everything is connected:

− SM must be fully understood to find BSM physics

− SM predictions require SM parameter determination, BSM impact?

− Higgs talks in Higgs, BSM, Flavor

− BSM talks in Higgs, BSM, Flavor

− . . .

Even some of the parallel talks were already overview talks . . .

Each “subfield” itself is multi-dimensional

⇒ example: Higgs
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Example for complicated situation: Higgs

SM

MSSM
EFT

other

...

models/observables

LO NLO NNLO N3LO . . . precision (“loops”)

established
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Example for complicated situation: Higgs

SM

MSSM
EFT

other

...

models/observables

LO NLO NNLO N3LO . . . precision (“loops”)

established

partial results

⇒ ⇒ ⇒

⇒ ⇒ ⇒

⇒ ⇒ ⇒

⇒ ⇒ ⇒

⇑
needed for CEPC
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Example for complicated situation: Higgs

SM

MSSM
EFT

other

...

models/observables

LO NLO NNLO N3LO . . . precision (“loops”)

established

partial results

Important observables:

− masses (parameter relations)

− production cross sections

− decay widths + distributions

→ quantum numbers

− tools (computer codes)

(⇒ connection to experiment)
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Example for complicated situation: Higgs

SM

MSSM
EFT

other

...

models/observables

LO NLO NNLO N3LO . . . precision (“loops”)

established

partial results

established

partial

experiment theory

Important observables:

− masses (parameter relations)

− production cross sections

− decay widths + distributions

→ quantum numbers

− tools (computer codes)

(⇒ connection to experiment)

Experimental situation:

Corresponding analyses

(at best) full simulations
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Some important questions:

⇒ that partially have been addressed at this workshop . . .

Q: Is SM Higgs physics a done deal?

Q: Are we prepared for rare/BSM Higgs decays?

Q: Does SMEFT cover all relevant BSM Higgs physics?

Q: Are we prepared for light BSM Higgs bosons?

Q: Are we happy with the λhhh situation?

Q: Are EWPO a done deal?

Q: Is CEPC350 just a nice extension of the main programe?

Q: How relevant is polarization?

Can we always compensate with high lumi?

Q: Are we ready for LLPs?

Q: Often we see FCC-ee results. Can they always be taken over?
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Some important questions:

⇒ that partially have been addressed at this workshop . . .

Q: Is SM Higgs physics a done deal?

Q: Are we prepared for rare/BSM Higgs decays?

Q: Does SMEFT cover all relevant BSM Higgs physics?

Q: Are we prepared for light BSM Higgs bosons?

Q: Are we happy with the λhhh situation?

Q: Are EWPO a done deal?

Q: Is CEPC350 just a nice extension of the main programe?

Q: How relevant is polarization?

Can we always compensate with high lumi?

Q: Are we ready for LLPs?

Q: Often we see FCC-ee results. Can they always be taken over?

Most of the time: A: NO (or at least: not yet)
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SM Higgs physics

[Freitas]

⇒ more work is needed to get to the required precision
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SM Higgs physics: progress in calculations [Buccioni]

⇒ progress possible, but difficult
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Progress for loop integrals (I) [Mandal]
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Progress for loop integrals (II) [Mandal]
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SM physics: progress in calculations - lepton PDFs [Frixione]
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SM physics: progress in calculations - lepton PDFs [Frixione]
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We do not only need calculations - we need them in MCs [Pellen]
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Higgs beyond κ approximation [Tian]

⇒ more complicated coupling structure ⇒ more complicated analysis

⇒ Luminosity can compensate for missing polarization! Always?
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Higgs EFT analysis

[Fang]

⇒ e+e− → tt̄ becomes important
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Higgs EFT analysis [Fang]

⇒ e+e− → tt̄ becomes important
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EWPO at CEPC

[Liang]

⇒ large statistical improvement

⇒ various theory uncertainties?
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MW at CEPC (threshold scan) [Schwinn]

⇒ very high requirements for theoretical precision
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⇒ very high requirements for theoretical precision
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EWPO at CEPC [Freitas]

⇒ needed: theory improvement, e+e− → tt̄, ∆αhad and αs
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∆αhad improvements? [Passera]

⇒ improvements possible, but far beyond trivial
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αs relevance and improvements [d’Entierra]

⇒ evaluated for FCC-ee! Applicable for CEPC?
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What can be learned at CEPC350? [Maier]

⇒ CEPC350 is crucial and interesting
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Top parameter “extraction” [Maier, Hoang]

⇒ Much more theory effort needed!
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Top physics at CEPC240 [Altmanshofer]

⇒ possibly interesting top physics at CEPC240 already?!
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EFT evolution for the CEPC [Gu]

⇒ substantial evolution! But which EFT is needed?
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Various EFTs: [Lu]

⇒ Not apriori clear which EFT is adequate

⇒ Which (part of an) EFT is phenomenologically relevant?
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dim-8 openrators and polarization: [Gu]

Example: e+e− → γγ

dim-8 operators for triple boson

couplings can be resolved with

polarization

Luminosity?

CEPC answer?
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Importance of λhhh: [Kanemura]

⇒ deviations in BSM models, relevant for FOEWPT!

⇒ Can the measurement of λhhh be improved for the CEPC?
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What if λhhh 6= λSMhhh? [McCullough]

⇒ How well does the single Higgs EFT work for λhhh 6= λSMhhh?

Note: also λHxSM
hhh < λSMhhh is possible [Ramsey-Musolf]
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CEPC and SFOEWPT / Graviational Waves [Bian]

⇒ interesting complementarity, but difficult at CEPC . . .
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Example for BSM physics at CEPC: [Englert]

⇒ many ways to test a singlet, partially(!) at CEPC
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Example for BSM physics at CEPC: [Liu]

⇒ thrilling physics can be tested at CEPC?

⇒ Extend reach?!!
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2HDM distinction at CEPC: [W. Su]

⇒ Higgs precision measurements can be decisive

⇒ beyond tree-level?

Sven Heinemeyer – CEPC workshpo, Shanghai/virtual, 28.10.2020 35



2HDM at 1-loop at CEPC: [W. Su]

⇒ phenomenology depends strongly on loop corrections!

⇒ for which model are we ready??
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Leptoquark model distinction at CEPC [Crivellin]

⇒ Higgs precision measurements can be crucial
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Example for BSM physics at CEPC: ALPs [Thamm]

⇒ Interesting reach? Extensions?
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Detector design and BSM physics at CEPC [Wang]

⇒ New(?) idea of “far detectors”: new BSM physics opportunities!
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Flavor physics at CEPC [Altmanshofer]
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CEPC vs. Belle II, LHCb, . . . [Altmanshofer, Li]

⇒ TeraZ is a flavor factory!
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Example: study of Bc [Taifan]
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Example: senstivity on rare decays [Li]

⇒ TeraZ can test (some) rare B decays better than Belle II, LHCb
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Some important questions:

⇒ that partially have been addressed at this workshop . . .

Q: Is SM Higgs physics a done deal?

Q: Are we prepared for rare/BSM Higgs decays?

Q: Does SMEFT cover all relevant BSM Higgs physics?

Q: Are we prepared for light BSM Higgs bosons?

Q: Are we happy with the λhhh situation?

Q: Are EWPO a done deal?

Q: Is CEPC350 just a nice extension of the main programe?

Q: How relevant is polarization?

Can we always compensate with high lumi?

Q: Are we ready for LLPs?

Q: Often we see FCC-ee results. Can they always be taken over?
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Some important questions:

⇒ that partially have been addressed at this workshop . . .

Q: Is SM Higgs physics a done deal? ⇒ huge calc. effort

Q: Are we prepared for rare/BSM Higgs decays?

Q: Does SMEFT cover all relevant BSM Higgs physics? ⇒ too simple

Q: Are we prepared for light BSM Higgs bosons? ⇒ not addressed

Q: Are we happy with the λhhh situation? ⇒ certainly not

Q: Are EWPO a done deal? ⇒ huge calc. effort

Q: Is CEPC350 just a nice extension of the main programe? ⇒ crucial

Q: How relevant is polarization?

Can we always compensate with high lumi?

Q: Are we ready for LLPs?

Q: Often we see FCC-ee results. Can they always be taken over?

⇒ must be studied in detail!
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Outlook - what is needed for the future?

⇒ We need a motivation boost (for TH)

this is particularly important for precise (Higgs/EW) calculations

take a long time. How to motivate (young) physicists?

⇒ a clear positive signal from China would certainly help!

⇒ We need more TH ↔ EXP interaction

− “guidance” for EXP

− “understanding” for TH

⇒ could be better . . .

We need precision top measurements for all other “subfields”

⇒ CEPC350 important!

“How many person-years are needed?

− FCC-ee estimate for Higgs/EW: 500

− Similar for CEPC (or other e+e− colliders)

− Still to cover: QCD, Flavor, BSM, . . .
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The Physics case is there!

⇒ for Higgs and SM/EW

⇒ equally for top/QCD, BSM, Flavor!!
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The Physics case is there!
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⇒ equally for top/QCD, BSM, Flavor!!

⇒ We need a motivation boost (for TH) for higher precision

But I am convinced:
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The Physics case is there!

⇒ for Higgs and SM/EW

⇒ equally for top/QCD, BSM, Flavor!!

⇒ We need a motivation boost (for TH) for higher precision

But I am convinced:

If we continue with the hard work,

we will be ready for the CEPC start
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