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This talk

- Physics of circular colliders. (brief)


- Updates (Mostly developments in China)


- Physics questions.



Future circular colliders

CEPC+SppC

• Where(if in China):
– For example, Qin-Huang-Dao

China.
Higgs/Z factory:  CEPC
pp Collider: SppC

CERN
Higgs/Z factory:  FCC-ee
pp Collider: FCC-hh

Site Selection
• Continue to work on site selection
• A new possibility, invited by the local government



Higgs factory: precision frontier
HL-LHCwi/wo theo. uncertainty

CEPC 250 GeV at 5 ab-1 wi/wo HL-LHC (with HL-LHC theo. uncertainty)
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Precision of Higgs couplingmeasurement (Contrained Fit)

Highlights: 

HZ coupling to sub-percent level.
Many couplings to percent level.
Model independent measurement of total width.

X =
Measured Higgs-X coupling

Standard Model Higgs-X coupling
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fundamental physics for decades to come. The CEPC/SPPC program gives us the ideal380

combination of leaps in precision and energy needed to unravel the deep new mysteries381

opened up by the discovery of the Higgs.382

Let us begin by giving a lightning tour of the raw physics capabilities of these machines.383

The CEPC will produce millions of Higgs particles, measuring the Higgs couplings384

to the gauge bosons and fermions to exquisite accuracy, typically at the percent to sub-385

percent level, as shown in Fig. 2.2. Moreover, CP-violating Higgs couplings, which are
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Figure 2.2 Top: The 7 parameter fit, and comparison with the HL-LHC, discussed in detail in Chapter 3.
The projections for CEPC at 250 GeV with 5 ab�1 integrated luminosity are shown. The CEPC results
without combination with HL-LHC input are shown with dashed edges. The LHC projections for an
integrated luminosity of 300 fb�1 are shown in dashed edges. Bottom: Comparison between the LHC and
several benchmark luminosities of the CEPC.

386

predicted in certain extensions of the Standard Model Higgs sector, can be seen at the387

percent level, and tiny branching ratios for invisible and exotic Higgs decays can be probed388

at the 10

�4 level.389

Furthermore, when running on the Z-pole, the CEPC can produce up to 10

11 Z bosons,390

measuring the couplings of the Z to the 10

�4 level, and improving the limits on precision391

electroweak observables by an order of magnitude or more [3], as shown in Fig. 2.3.392

Most importantly, the leap in energy at the SPPC gives a huge increase in the reach for393

new physics. A seven-fold increase in center of mass energy relative to the LHC, with394

Statistics limited



Big advance in electroweak precision

Large improvements across the board

Current accuracy

CEPC: baseline and improvements
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Electroweak precision at CEPC

- A big step beyond the current precision.
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J. Fan, M. Reece, LT Wang, 1411.1054



100 TeV pp collider, a big step in energy6 OVERVIEW OF THE PHYSICS CASES FOR CEPC-SPPC
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Figure 1.4 Production cross section of new physics particles. Top left: gluino and squark. Top right: higgsino
and wino. Bottom left: fermionic T 0. Bottom right: W 0 and Z0.

W, Z bosons, may be properly treated as partons in the proton when there is a heavy new physics201

scale involved. We illustrate this point in Fig. 1.6, where we show the partonic luminosities versus the202

averaged energy fraction
p

⌧ (lower scale) and the partonic CM energy
p

s (top scale) for the top quark203

in Fig. 1.6 (left) [7] and the electroweak gauge bosons in Fig. 1.6 (right) [30]. We see that the top quark204

luminosity can be as large as a percent of the bottom quark in the relevant energy regime. For instance,205

at the 5 TeV partonic energy, the top quark luminosity is about 1. Incidentally, the electroweak gauge206

boson luminosities are comparable to that of the top quark. As expected, the luminosities of W±� and207

W+

T W�
T are roughly the same, indicating the electroweak unification and the symmetry restoration.208

On the other hand, the luminosity for the longitudinally polarized gauge bosons is about two orders of209

magnitude lower, due to the lack of energy enhancement from a Goldstone-boson radiated off a quark.210

For pT ’s approaching ⇠ 10 TeV, the electroweak Sudakov factor ⇠ 4↵
2

log

2

(p2

T /m2

W ) ⇠ 0.1, and211

we have “electroweak radiation” in complete analogy with electromagnetic and gluon radiation. At the212

very high energies E � MW , EW gauge bosons are copiously produced by radiation. For instance, a213

W or Z gauge boson would be radiated off a light quark with 10 TeV of energy with a probability of214

10% and off a gauge boson with a probability of 20%, yielding a rate that is order of magnitude higher215

than the perturbative production of a gauge boson. This is illustrated in the left panel of Fig. 1.7, where216

we see that nealrly 20% of dijet events with pT ⇠ 10 TeV contain a W or Z.217

This phenomenon makes it easier to “see” traditionally invisible particles such as neutrinos (or even218

dark matter particles), through electroweak radiation. This can be nicely illustrated by probing the219

invisible decay of a Z 0 ! ⌫⌫ at the SppC. For heavy enough Z 0’s, there is a significant rate for radiating220

off W, Z’s. The ratio �(Z 0 ! ⌫⌫̄)/�(Z 0 ! ⌫⌫̄Z/W ) is only depends on the mass of the Z 0, and so221

if this visible mode is abundant enough we can directly determine the invisible rate (and thereby also222

directly determine the Z 0 coupling to left-handed leptons). The total three-body branching ratio can be223

as large as a few percent for a heavy Z 0, as shown in the right panel of Fig. 1.7 [6].224



Physics goals

- Measuring Higgs potential. 


- Naturalness.


- Dark matter.


- …



Nature of EW phase transition

h

Wednesday, August 13, 14

Shift in h-Z coupling 

Order 1 deviation in triple Higgs
} Both within the 

reach

HL-LHCwi/wo theo. uncertainty

CEPC 250 GeV at 5 ab-1 wi/wo HL-LHC (with HL-LHC theo. uncertainty)
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Precision of Higgs couplingmeasurement (Contrained Fit)
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FIG. 6: Panel (a) shows the invariant mass distribution of
the two hardest isolated photons and the extra jet mγγj for
the hh + jet analysis. Panel (b) displays mbb̄j and panel (c)
shows the invariant mass of the 2-photon, 2-b-jet and extra
jet system mbb̄γγj . We show the signal distributions for λ =
0, λSM and 2λSM and the backgrounds in all cases.

better photon identification performance at low energies
becomes possible in the future.

Results

We now combine both analyses in the bb̄γγ channel
to formulate a constraint on the Higgs trilinear coupling
in light of the expected signal and background yields in
pp → hh + X and pp → hh + jet + X production. For
simplicity we assume that both measurements are statis-
tically uncorrelated and combine them in a binned log-
likelihood hypothesis test [38, 39]. We compute a 95%
confidence level using the CLS method [40] around the
SM parameter choice λ = λSM and find

λ
λSM

∈

⎧

⎪

⎨

⎪

⎩

[0.672, 1.406] no background syst.

[0.646, 1.440] 25% hh, 25% hh+ jet

[0.642, 1.448] 25% hh, 50% hh+ jet

(3)

for an integrated luminosity of 3000/fb. Due to the
shape of the cross section as a function of λ, there is a pa-
rameter choice at λ ≃ 4λSM with SM-like cross sections.

This region can be excluded using the high luminosity
phase of the 14 TeV LHC [15].
In the calculation of the confidence level intervals the

quoted systematic uncertainties refer to a flat rescaling
of the contributing backgrounds. From Eq. (3) we can
expect that a measurement of the trilinear coupling at
the 40% level should be possible. A 5σ discovery of the
dihiggs signal will be possible with an integrated lumi-
nosity of 700/fb.
A number of authors have noted that a total integrated

luminosity of 3/ab may not be sufficient to saturate the
physics potential of a 100 TeV collider [41, 42], since the
necessary luminosity typically scales quadratically with
the centre of mass energy. We therefore also compute
limits under the assumption that 30/ab of data is taken.
The limits shown in Eq. (3) then improve to

λ
λSM

∈

⎧

⎪

⎨

⎪

⎩

[0.891, 1.115] no background syst.

[0.882, 1.126] 25% hh, 25% hh+ jet

[0.881, 1.128] 25% hh, 50% hh+ jet

(4)

in this case. We note that these limits are nearly iden-
tical to what can be achieved with the 1 TeV luminosity
upgraded ILC.

Triple Higgs coupling at 100 TeV pp collider
30 ab-1

Barr, Dolan, Englert, de Lima, Spannowsky 



Dark matter at 100 TeV
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Figure 14: Summary of collider reach for neutralino dark matter.

while the discovery reach ranged from 350 � 700 GeV. Mixed dark matter parameter space

already receives strong constraints from direct detection and a more thorough study on the

impact of collider searches on this parameter space would be worthwhile.

Finally bino dark matter was studied, bringing various coannihilators into the spectrum to

avoid overclosing the universe. These scenarios utilized the monojet search to project reach.

The stop coannihilation exclusion reach was found to be m�̃ ⇠ 2.8 TeV and the discovery

reach to bem�̃ ⇠ 2.1 TeV. As the thermally-saturating bino mass in this case ism�̃ ⇠ 1.8 TeV

(and mt̃ ⇠ 1.8 TeV), dark matter can be either excluded or discovered in this channel. The

gluino coannihilation, on the other hand, was found to only reach the thermal bino mass for

a splitting of �m = 30 GeV, corresponding to m�̃ ⇠ 6.2 TeV and mg̃ ⇠ 6.23 TeV, so the

thermal parameter space is not entirely closed. Finally squark coannihilation can be excluded

up to m�̃ ⇠ 4.0 TeV and stau coannihilation cannot be probed in the monojet channel.

In addition to the aforementioned interplay with mixed dark matter and neutralino blindspots,

useful future work would be to look at how adding in more search channels can improve the

dark matter collider reach. Such searches would include monophoton searches, razor searches,

vector boson fusions searches, and multilepton searches. Another principal direction to ex-

tend these studies would be to look at the impact of bringing down other particles into the

low energy spectrum.

– 20 –

M. Low, LTW 2014 
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Naturalness




Testing naturalness at Higgs factory

- LHC searches model dependent, many blind spots.


- Precision measurement at CEPC provides a 
powerful and complementary probe.
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Figure 8. Regions in the physical stop mass plane that precision measurements are sensitive to, with contours

of tunings, at future e+e� colliders (left: ILC; middle: CEPC; right: FCC-ee). Top row: bounds on stops with

no mixing, Xt = 0. Dashed vertical lines: 2� bounds on stop masses from S and T (mostly T ); solid lines: 2�

bounds on stop masses from Higgs coupling constraints. Blue dashed contours are the stop contributions to

the Higgs mass tuning. Lower row: bounds on stops in the blind spot X2
t = m2

t̃1
+m2

t̃2
. There are no Higgs

measurement constraints. For CEPC with possible improvements (purple dash-dotted line in the middle) or

FCC-ee (orange solid line), EWPT is only sensitive to a small region. The green dashed lines are the exclusion

contours from b ! s� for the choice µ = 200 GeV and a few di↵erent values of tan�. Each of these contours

is also labeled with corresponding tunings �µ and �A. There is also a region along the diagonal line which

cannot be attained by diagonalizing a Hermitian mass matrix [32].

7.2 Implications for Folded Stops

EWPT could be the most sensitive experimental probe in some hidden natural SUSY scenarios such as
“folded SUSY” [28]. In folded SUSY, the folded stops only carry electroweak charges and some beyond
SM color charge but no QCD charge. The most promising direct collider signal is W+ photons which
dominates for the “squirkonium” (the bound state of the folded squarks) near the ground state [84, 85].
It is a very challenging experimental signature. Among the Higgs coupling measurements, folded stops
could only modify the Higgs–photon coupling, the Higgs–photon–Z coupling, and (at a subleading
level) the Higgs–Z–Z coupling. Yet the Higgs–photon coupling measurements, even at future e+e�

colliders, have very limited sensitivities. Even FCC-ee Higgs measurements could only probe folded
stops up to 400 GeV, as illustrated in Fig. 9 (which updates the result in [32] to include CEPC). Notice

– 19 –

Fan, Reece and LT W, 1412.3107 

- Model independent testing fine-tuning down to 
percent level.



Test naturalness at 100 TeV collider

- tune proportional to (mNP)2 . 

Much better test than LHC, by orders of magnitude! 


Potential for discovery (would be a victory for 
naturalness). 

11

neutralino limit. A 2 TeV stop could be discovered in the compressed region of parameter

space. It is possible to exclude neutralino masses up to 3 TeV in most of the parameter

space.

All of the results presented here have been obtained with very minimal cut-flows that do

not rely on b-tagging or jet substructure techniques. Additional refinements should increase

the search sensitivity, at the price of making assumptions on the future detector design.
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FIG. 5: Projected discovery potential [left] and exclusion limits [right] for 3000 fb�1 of total
integrated luminosity. At each signal point, the significance is obtained by taking the smaller CLs

between the heavy stop and compressed spectra search strategies, and converting CLs to number
of �’s. The blue and black contours (dotted) are the expected (±1�) exclusions/discovery contours
using the heavy stop and compressed spectra searches.

D. Di↵erent Luminosities

An open question in the design for the 100 TeV proton-proton collider is the luminosity

that is necessary to take full advantage of the high center of mass energy. As cross sections fall

with increased center of mass energy, one should expect that higher energy colliders require

more integrated luminosity to fulfill their potential. The necessary luminosity typically

scales quadratically with the center of mass energy, meaning that one should expect that

the 100 TeV proton-proton collider would need roughly 50 times the luminosity of the LHC

at 14 TeV.

This section shows the scaling of our search strategy as a function of the number of

collected events. As the luminosity changes, we re-optimize the /ET cut. For integrated

luminosities of 300 fb�1, a /ET cut of 3 TeV is chosen. For 30000 fb�1, a /ET cut of 5 or 6

TeV is chosen, depending on the mass point. Table III lists the number of background events

Cohen et. al., 2014
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Figure 3.2: Comparison of direct and indirect searches in the (m⇢, g⇢) plane. Left panel: region up to
m⇢ = 10TeV showing the relevance of LHC direct searches at 8TeV with 20 fb�1 (LHC8), 14TeV with
300 fb�1 (LHC) and 3 ab�1 (HL-LHC); right plot: region up to m⇢ = 40TeV showing the comparison
between the LHC and FCC reach with 1 and 10 ab�1. Indirect measurements at the LHC, HL-LHC,
ILC at 500GeV with 500 fb�1 and TLEP at 350GeV with 2.6 ab�1 are shown.

kink in the limits originates from the superposition of the di-lepton and di-boson searches we

considered which, as already mentioned, is more sensitive to weak and strong g⇢, respectively.

This is due to the fact that, while the coupling to fermions decreases, the one to (longitudinal)

gauge bosons increases like g⇢ and the di-boson BR rapidly becomes dominant.

The global message which emerges from these pictures is rather simple and expected. An

increase of the collider energy improves the mass reach dramatically, and in particular only

the 100TeV FCC can access the multi–TeV region. An increase in luminosity, instead, has a

marginal e↵ect on the mass reach but considerably extends the sensitivity in the large g⇢ (i.e.,

small rate) direction. In particular we see that the impact of the high luminosity extension of

the LHC is considerable given that largish values of the g⇢ coupling are perfectly plausible in

the CH scenario (see the Conclusions for a more detailed discussion).

Let us now turn to the indirect constraints from the measurement of the Higgs coupling to

vector bosons. The 1� (68%CL) error on ⇠ (i.e., twice the one on kV ' 1 � ⇠/2) obtainable

for di↵erent collider options, as extracted from currently available literature, are summarised

in table 3.1. Twice those values, which in the assumption of gaussian statistics corresponds to

the 95%CL limits on ⇠, are reported in figures 3.2 and 3.3 as black dashed curves, with the

excluded region sitting above the lines. In the (m⇢, ⇠) plane, the limits simply corresponds to

horizontal lines and translate into straight lines with varying inclination in the (m⇢, g⇢) plane.

In particular, we show the LHC reach with 300 fb�1 and 3 ab�1, obtained from single Higgs

production, corresponding to ⇠ > 0.13 and ⇠ > 0.08 respectively, and the expected reach of the

ILC and TLEP at
p

s = 500GeV and
p

s = 350GeV corresponding to ⇠ > 0.01 and ⇠ > 0.004.

9

Pappadopulo, Thamm, Torre,  Wulzer, 2014

LHC



Neutral naturalness?

- Twin Higgs. 


- Folded SUSY.


- Searching for a beautiful model. 

Is neutralness natural?


- Someone knows we can only build proton colliders?



Try harder at higher energy

36 OVERVIEW OF THE PHYSICS CASES FOR CEPC-SPPC

Figure 2.26 One loop correction to ZZh coupling from singlet top partner in twin Higgs model.

before, vector-boson fusion production of the �I , which escape the detector (or decay invisibly). The1069

SppC reach is shown in fig. 2.27, along with the effective |c�| for associated with the case N = 6.
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Figure 2.27 The SPPC reach for neutral top partners produced through Higgs portal.

1070

We see that the SppC has a reach for 5 sigma discovery up to ⇠ 250 GeV, and a 2 sigma exclusion1071

up to ⇠ 350 GeV, pushing to the boundaries of the natural region. Note that the SppC has a uniformly1072

stronger reach in these cases than the CEPC; a 2 sigma hint of a deviation in �Zh at the CEPC can be1073

confirmed with a 5 sigma discovery of the �I at the SppC.1074

Craig, Lou, McCullough, Thalapillil, 2014  Curtin and Saraswat, 2015



We can do lepton collider as well.

- LHC reach poor. Theory can be completely natural.


- Higgs factory can test this. 

T’

Craig, Englert, McCullough, 2013  

Top partner only couple to Higgs.
Wavefunction renormalization
Induce shift in Higgs coupling.

t

IMPLICATIONS 83

Figure 2.23 The fractional deviation of �Zh at the Higgs factory, in the model with scalar singlet top partner,
coupling through H†H�†

t�t [64].

theoretical and experimental sides. However, the Standard Model is likely only an effective theory at2187

the electroweak scale. To explore potential new physics at the electroweak scale and beyond, comple-2188

mentary approaches of direct searches at the energy frontier as well as precision measurements will be2189

needed. The current LHC and the planned HL-LHC have the potential to significantly extend its new2190

physics reach and to measure many of the Higgs couplings with precisions of a few percents.2191

However, many new physics models predict Higgs coupling deviations at a sub-percent level, beyond2192

those achievable at LHC. CEPC complements LHC and will be able to study the properties of the Higgs2193

boson in great details with unprecedented precisions. Therefore it is capable of unveiling the true nature2194

of this particle. At CEPC, most Higgs couplings can be measured with precisions at a sub-percent2195

level. More importantly, CEPC will able to measure many of the key Higgs properties such as the total2196

width and decay branching ratios model independently, greatly enhancing the coverage of its search for2197

potential new physics. Furthermore, the clean event environment of CEPC will allow the detailed study2198

of known decay modes and the identification of potential unknown decay modes that are impossible at2199

LHC.2200

We have provided a snapshot of the current studies, many of them are ongoing and more analyses are2201

needed to fully understand the physics potential of CEPC. Nevertheless, the results presented here have2202

already built a strong case for CEPC as a Higgs factory. CEPC has the potential to “undress” the Higgs2203

boson as what LEP has done to the Z boson, and possibly shed light on the direction of new physics.2204



Hidden SUSY?
- Folded SUSY. 


- Top partner has SM electroweak couplings 
only.


- No hgg. Only hγγ. Weak limit from Higgs 
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Folded SUSY at CEPC & HL-LHC
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Folded SUSY at FCC-ee & HL-LHC

Figure 9. Projected constraints in the folded stop mass plane from a one-parameter fit to the Higgs–photon–

photon couplings from future experiments. Directly analogous to Fig. 7. Results from the ILC 250/500/1000

would be similar to CEPC; lower-energy ILC measurements provide even weaker constraints. These constraints

are subdominant to the constraints on left-handed folded stops arising from T -parameter measurements, which

are the same as those for ordinary stops in the left-hand column of Fig. 5.

that we have also taken into account of a precise determination of �(h ! ��)/�(h ! ZZ) at HL-LHC.
It has been demonstrated that combing this with Higgs measurements at future e+e� colliders could
result in a significant improvement of sensitivity to Higgs–photon–photon coupling [86, 87].

On the other hand, the reach of the electroweak precision we derived in this article (the left
column of Fig. 5) applies to folded stops as well as the usual stops. Except for the blind spot in the
parameter space, future EWPT could probe left-handed folded stops, via their correction to the T

parameter, up to 600 GeV (e.g. at the ILC) or even 1 TeV (e.g. at FCC-ee). CEPC’s preliminary
plans fall close to the ILC reach, but conceivable upgrades could achieve similar reach to FCC-ee.
These EWPT constraints would surpass the Higgsstrahlung constraints on folded SUSY estimated in
ref. [65]. Improved measurements of the W mass, then, may be one of the most promising routes
to obtaining stronger experimental constraints on folded SUSY. Therefore, with the help of future
electroweak precision measurements, we can test the fine tuning of folded SUSY at the few percent
level.
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Folded SUSY

- They also introduce correction in EW precision 
observables. 


- Leads to stronger limit.
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Need to consider UV completions. 

A no-lose theorem?

- Induce measurable shifts in Higgs couplings, 
precision observables.


- UV completions can be directly probed at 100 TeV.

Curtin and Saraswat, 1509.04284



Status update


Progress in China



Updates 


Progress in China

Timeline (dream)
• CPEC

– Pre-study, R&D and preparation work
• Pre-study: 2013-15  

– Pre-CDR for R&D funding request
• R&D: 2016-2020
• Engineering Design: 2015-2020

– Construction: 2022-2028
– Data taking: 2029-2035

• SppC
– Pre-study, R&D and preparation work

• Pre-study: 2013-2020
• R&D: 2020-2030 
• Engineering Design: 2030-2035

– Construction: 2035-2042
– Data taking: 2042 -

Yifang Wang. FCC week Rome. April 11



Updates 


Progress in China

Timeline (dream)
• CPEC

– Pre-study, R&D and preparation work
• Pre-study: 2013-15  

– Pre-CDR for R&D funding request
• R&D: 2016-2020
• Engineering Design: 2015-2020

– Construction: 2022-2028
– Data taking: 2029-2035

• SppC
– Pre-study, R&D and preparation work

• Pre-study: 2013-2020
• R&D: 2020-2030 
• Engineering Design: 2030-2035

– Construction: 2035-2042
– Data taking: 2042 -

done!

Yifang Wang. FCC week Rome. April 11



March 30, 2015

Can be downloaded from
http://cepc.ihep.ac.cn/preCDR/volume.html 

403 pages, 480 authors 328 pages, 300 authors



CEPC Accelerator 

April 8, 2016 

J Gao et. al. 

same layout and hardware at the Z(91) and ZH(240)  

Funding：IHEP IF 



CEPC Accelerator

Linac Booster

Collision 
ring

Electron

Positron

6~10 GeV

¾ 3 machines in one tunnel
¾ CEPC & booster
¾ SppC

¾ Main choice of CEPC:
¾ One ring machine
¾ Head-on collision

Energy Ramp 
10 ->120GeV

45/120 GeV
Compatibility is the main 
Issue

One ~3 km (10 μs) macro-bunch

Advantage:
• Avoid pretzel orbit
• Cost less than whole double-ring
• More bunches for high luminosity Z, W
• High luminosity with crab waist collision

Crossing Angle: 
30 mrad

Yifang Wang. FCC week Rome.  April 11



CEPC Accelerator 

April 8, 2016 

J Gao et. al. 



SppC Accelerator 

April 8, 2016 

JY Tang et. al. 

• Study team is still growing, regular meetings  

• We are making progress on SPPC study steadily, on both 
the collider and injector accelerators. 
– Pre-conceptual designs (main parameters, accelerator frame, 

stage schemes, lattice and layout, etc) 
– Key accelerator problems (collimation, beam screen, etc.) 
– Key technology R&D (high-field superconducting magnets, 

cryogenic vacuum, etc.) 
 

28 
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Parameter choice for SPPC (Potential)

……

(F. Su et al)



Site Selection
• Continue to work on site selection
• A new possibility, invited by the local government

Yifang Wang. FCC week Rome.  April 11



Civil Construction

Accelerator
Civil
Detector
Synch rad ext

63%
26%

10%

Yifang Wang. FCC week Rome.  April 11



International Collaboration
• Limited international participation for the pre-CDR

– An excise for us
– Build confidence for the Chinese HEP community 

• Chinese government welcomes international collaboration
– to integrate China better into the international community
– to modernize China’s research system(“open door” policy) 
– to obtain needed help on funding, technology, etc.

• This machine will be built and owned by the international 
community, but a new scheme of collaboration and 
management need to  be  explored

• An international advisory board is 
formed last Sep. to consult on this 
issue, in addition to scientific and
technological discussions 

Yifang Wang. FCC week Rome.  April 11



Global Effort 

April 8, 2016 

CEPC Accelerator International Collaboration Status 

• CEPC accelerator design group members sent out to the 
collaborating labs 
 
 

• KEK: Yiwei Wang, Yun Zhang (on Lattice collaboration) (done) 

• SLAC: Tianjian Bian (On booster design) (now) 

• BNL: Feng Su (On dynamic aperture optimizations) (now) 

• LAL: Sha Bai (On MDI) (now) 

• CERN: Na Wang (done) and Xiaohao Cui (now) (On collective 
effects and lattice) 
 

 



Science, vol. 351, no. 6280, pp. 1382, 2016

Media is media
Chinese media is also media
Don’t get too excited, nor panic
CEPC will not be easy and quick
R&D will come gradually

Yifang Wang. FCC week Rome.  April 11



April 8, 2016 

科技部国家重点研发计划    ~90M RMB 

“大科学装置前沿研究”重点专项2016年度项目申报指南 

新一代粒子加速器和探测器关键技术和方法的预先研究 

¾ 高能环形正负电子对撞机预先研究      ~45M RMB 
 
 
 
 
 
 已于3月递交 
 
 
期待2017年 
¾ 高能环形正负电子对撞机关键技术验    ~45M RMB 



Current Status and the Plan

• Pre-CDR completed

– No show-stoppers

– Technical challenges identified Î R&D issues

– Preliminary cost estimate

• Working towards CDR

– A working machine on paper

– Ready to be reviewed by government

• R&D issues identified and funding request underway

– Seed money from IHEP available: 12 M RMB/3 years

– MOST: ~ 45 M + 45 M / 5 yr, proposal submitted, approval this year ?

– NCDR: ~1 B RMB / 5 yr, process may start this year

• Start international collaboration once funding is available

Yifang Wang. FCC week Rome.  April 11



Physics goals 

and 


machine options

We need concrete answers to these questions.
Need your input!



Machine design, big options

- Questions

How big is the ring? 


Is the current design of Higgs factory adequate?


Case for Z factory and requirement


Going to higher energy, ttbar threshold?


….

36



80+ km vs 50 km

- Prefer longer. 


- Main physics motivation, beyond CEPC. SppC. 

The bigger, the better. 100 TeV seems to be the 
highest that is doable. 


Can measure Higgs self coupling, probe dark 
matter, test naturalness. 


Completely discover and study the new physics 
showing up in precision measurements of CEPC.


Other benefits, easier to go to higher energy, tt 
threshold.

37



The main physics goal: 

understanding the Higgs

- High precision measurement of Higgs coupling.


- Phase transition in early universe, naturalness, etc. 


- Based on simple estimate and simulation, the CEPC 
will be able to deliver on these goals.

38

Need to make sure it is indeed the case.



CEPC on the Z-pole

- “Bread and butter” precision measurement 

Gain a factor of 10 with about Giga Z.


Very valuable information, complimentary to Higgs 
measurements
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Electroweak Fit: S and T Oblique Parameters
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CEPC Improved H1sL

Systematics dominated.  



CEPC Z-factory

- Tera-Z or more.


- Can do a lot more with precision measurements. 

Exotic Z-decay, tau, B, QCD…

Is there a very good case can be made based on these?

How many Zs do we need?



CEPC: ttbar threshold?

- Seems not as crucial for 
precision electroweak.


- A small improvement for 
the fit to S and T. 


- Is this gain worth the 
effort?

41

initial CEPC plan potentially o↵er significant physics benefits and deserve further consideration.
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Electroweak Fit: S and T Oblique Parameters

CEPC baseline H1sL
Improved GZ , sin2q H1sL

Improved GZ , sin2q, mt H1sL

Figure 2: CEPC constraints on the oblique parameters S and T , for the baseline scenario and two possible
improvements. Notice that the axes of this plot have zoomed in by a factor of 5 compared to those of Fig. 1.
For clarity we show only 1� (��2 = 2.30) constraints.

Table 7 summarize the physics reach by quoting the 1� bound on S assuming that T is zero,
and vice versa. These are one-parameter fits (corresponding to ��2 = 1).

Parameter Current CEPC baseline Improved �Z , sin2 ✓ Also improved mt

S 3.6 ⇥ 10�2 1.3 ⇥ 10�2 9.7 ⇥ 10�3 7.1 ⇥ 10�3

T 3.1 ⇥ 10�2 1.0 ⇥ 10�2 7.5 ⇥ 10�3 4.6 ⇥ 10�3

Table 7: Current and CEPC projected one-parameter bounds on S and T (in each case, assuming that the
other is zero).

2.1 The Precision Challenge for Theorists

The estimates of CEPC prospects above assumed an improvement in theoretical uncertainties
relative to the current status. Theory uncertainties quoted for mW , sin2 ✓`

e↵

, and �Z in the “CEPC
fit” column of Table 5 are based on the size of estimated four-loop corrections from refs. [23–25],
under the assumption that three-loop calculations will be completed in the future. Full use of the
power of the CEPC collider thus relies on significant (but reasonable) advances in the state of the
art of Standard Model calculations in the coming years.

10



CEPC: higher energy, ttbar threshold?

- However, going up from 250 to 350 can improve 
other measurements. 


- Scan, energy dependence brings in more discovery 
and distinguishing power. 


- Is there a good physics case here?

42

Patrick Janot 

 (GeV)s
200 220 240 260 280 300 320 340 360

C
ro

ss
 s

ec
tio

n 
(fb

)
0

50

100

150

200

250
 HZ→ -e+e

νν →HZ, Z 
 H→WW 

 H→ZZ 
Total

Annecy, 13 September 2013 14 
LAPP Seminar 

Unpolarized,cross,sections,

Fig. 7: The Higgs boson production cross section as a function of the centre-of-mass energy in unpolarized e+e�

collisions, as predicted by the HZHA program [38]. The thick red curve shows the cross section expected from the
Higgs-strahlung process e+e� ! HZ, and the thin red curve shows the fraction corresponding to the Z ! ⌫⌫̄

decays. The blue and pink curves stand for the WW and ZZ fusion processes (hence leading to the H⌫e⌫̄e and
He+e� final states), including their interference with the Higgs-strahlung process. The green curve displays the
total production cross section. The dashed vertical lines indicate the centre-of-mass energies at which TLEP is
expected to run for five years each,

p
s = 240 GeV and

p
s ⇠ 2mtop.

Table 3: Integrated luminosity and number of Higgs bosons produced with TLEP at
p
s = 240 GeV (summed

over four IPs), for the Higgs-strahlung process and the WW fusion. For illustration, the corresponding numbers
are also shown for the baseline ILC programme [39] at

p
s = 250 GeV, with beams polarized at a level of 80% for

electrons and 30% for positrons.

TLEP 240 ILC 250
Total Integrated Luminosity (ab�1) 10 0.25

Number of Higgs bosons from e+e� ! HZ 2,000,000 70,000
Number of Higgs bosons from boson fusion 50,000 3,000

with the scan of the tt̄ threshold, at
p
s around 350 GeV, where the background from the Higgs-strahlung

process is smallest and most separated from the WW fusion signal.

3.1 Measurements at
p
s = 240 GeV

At
p
s = 240 GeV, the TLEP luminosity is expected to be 5 ⇥ 1034 cm�2s�1 at each interaction point,

in a configuration with four IPs. The total integrated luminosity accumulated in five years, assuming
running for 107 seconds per year, is shown in Table 3, together with the corresponding numbers of Higgs
bosons produced.

From the sole reading of this table, it becomes clear that TLEP is in a position to produce enough
Higgs bosons in a reasonable amount of time to aim at the desired sub-per-cent precision for Higgs boson
coupling measurements. Detailed simulations and simple analyses have been carried out in Ref. [35] to
ascertain the claim, with an integrated luminosity of 500 fb�1 (representing only one year of data taking

16

For example:



Filling gaps with radiative return
M. Karliner, M. Low, J. Rosner, LTW

How can we best use this?



QCD at CEPC
World average on alphas

● Dominated my Lattice results

● O(100-1fb) at CEPC v.s. O(100-1pb) at LEP, plus higher energy, 
smaller power corrections, good news for event shape analysis.

● New challenges to theorists. NNLO corrections to four jet rates? 
Completing the NNNLL resummation by computing the four loop cusp 
anomalous dimension? … 

PDG

H. X. Zhu at CEPC workshop. Aug. 2015Only tip of the iceberg.



Looking ahead

- We have a broad understanding of the basic 
physics capabilities of next generation circular 
colliders. 


- CDR will be a place to set clear physics goals.

Several important questions need answers.


Supporting and backed up by the design choices. 


- In China, they are progressing assuming R&D 
funding will be there. 
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Learning more about top couplings

46

Q. Cao,  B. Yan 1507.06204  
Figure 4. Update caption.

– 9 –

Z. Liu, I. Low, LTW in progress
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FIG. 4: The contours of uncertainties of FL and Vtb measurements denoted by �FL and �Vtb in the

plane of the collider energy
p
s (GeV) and integrated luminosity L (fb�1).

The statistical errors of �tt̄ and AFB, which are normalized to the SM predictions, are

(��tt̄/�
0
tt̄)stat. =

q
1/(L�0

tt̄) ,

(�AFB/A
0
FB)stat. =

q
(1� (A0

FB)
2)/(L�0

tt̄). (25)

For an integrated luminosity of 500 fb�1 and collider energy
p
s = 500 GeV, (��tt̄/�

0
tt̄)stat. '

(�AFB/A
0
FB)stat. ⇠ 0.002.

The systematic uncertainty arises from a lot of experimental e↵ects, e.g. cut acceptance,

b-tagging e�ciency, detector resolution, luminosity or di↵erent hadronization of tt̄ events,

etc. Those systematic uncertainties will have to be estimated at a later stage, but they are

expected to be small [20]. The LEP-I reported a systematic uncertainty on Rb of 0.28 % [47]

which may serve as a guide line for values to be expected at the future e+e� collider. In

this work, the systematic error of �tt̄ relative to the SM prediction is assumed to be around

1%, i.e. (��tt̄/�
0
tt̄)sys. = 0.01 [20, 43]. Table I displays the statistical and systematic errors

of mt, �t, �tt̄ and AFB used in this study.

Figure 4(a) displays the contours of �FL in the plane of the collider energy
p
s (GeV)

and integrated luminosity L (fb�1). It shows that FL can be measured with an accuracy of

percentage, e.g. �FL  1%. The uncertainty, which is dominated by the systematic error,

cannot be further improved by increasing the collider energy and accumulating more lumi-

nosities. One then can translate the uncertainty of FL measurement to the Vtb measurement

10



Electroweak precision tests: roughly 
estimated targets

- δmW < 5 MeV


- δsin2θeff < 2x10-5   (and/or ΓZ about 100 keV)


- δmZ < 500 keV


- δmt < 100 MeV


- Theoretical breakthrough in calculating Δαhad ?

Systematics important.  Need to make sure assumptions realistic.



More details, more understanding.
NC, Jiayin Gu, Zhen Liu, Kechen Wang, In Progress

• Truncate flat 
directions in the 
HEFT. 
!

• Improve BSM 
reach by using 
added 
information. 
!

• Distinguish 
between different 
BSM models with 
similar total cross 
section shifts. 

CEPC sensitive not 
only to coupling 

shifts, but different 
tensor structures. 

N. Craig, J. Gu, Z. Liu, K. Wang



Inputs for the further study

Table 4: Using direct measurement method in ZH runs, the expected precision in mW measurement in
CEPC detectors and the comparison with the LEP experiments.

�MW (MeV) LEP CEPC CEPCp
s(GeV) 161 250 250R
L(fb�1 3 1000 1000

channel l⌫qq, qqqq lvqq qqqq

beam energy 9 1.0 1.0
hadronization 13 1.5 1.5

radiative corrections 8 1.0 2.0
lepton and missing energy scale 10 1.5 1.0

bias in mass reconstuction 3 0.5 1.0
statistics 30 1.0 2.5

overall systematics 21 2.5 3.0
total 36 3.0 4.0

Present data CEPC fit
↵s(M2

Z) 0.1185 ± 0.0006 [17] ±1.0 ⇥ 10�4 [18]

�↵
(5)

had

(M2

Z) (276.5 ± 0.8) ⇥ 10�4 [19] ±4.7 ⇥ 10�5 [20]
mZ [GeV] 91.1875 ± 0.0021 [21] ±0.0005

mt [GeV] (pole) 173.34 ± 0.76
exp

[22] ±0.5
th

[20] ±0.6
exp

± 0.25
th

[20]
mh [GeV] 125.14 ± 0.24 [20] < ±0.1 [20]
mW [GeV] 80.385 ± 0.015

exp

[17]±0.004
th

[23] (±3

exp

± 1
th

) ⇥ 10�3 [23]
sin2 ✓`

e↵

(23153 ± 16) ⇥ 10�5 [21] (±4.6
exp

± 1.5
th

) ⇥ 10�5 [24]
�Z [GeV] 2.4952 ± 0.0023 [21] (±5

exp

± 0.8
th

) ⇥ 10�4 [25]
Rb ⌘ �b/�

had

0.21629 ± 0.00066 [21] ±1.7⇥ 10�4

R` ⌘ �
had

/�` 20.767 ± 0.025 [21] ±0.007

Table 5: Inputs to the electroweak fit of the oblique parameters S and T . The oblique parameters and the
first five observables in the table float freely in the fit, and determine the values of the remaining five. We
find that Rb and R` have minimal e↵ect on the fit of oblique parameters. We quote the precisions of current
and CEPC measurements as well as the current central values. Theory uncertainties are provided only when
they are nonnegligible and are not already incorporated in the quoted experimental uncertainty. Boldface
numbers represent measurements that will be performed at CEPC.

gives slightly more conservative bounds.
The result of the fit for S and T is depicted in Fig. 1. For ease of comparison of the bounds,

we have artificially displaced the input central values to agree with the predicted values so that
S = T = 0 will be the best-fit point. Both 1� and 2� uncertainty contours are presented (i.e.,
��2 = 2.30 and 6.18). Relative to the current electroweak precision results (dominated by LEP
together with the improved measurement of mW from hadron colliders), the results of CEPC will
shrink the error bars on S and T by a factor of about 3.

It is possible that the current baseline plan for CEPC can be improved upon by higher luminosity

8
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Figure 1: CEPC constraints on the oblique parameters S and T , compared to the current constraints.

CEPC sin2 ✓`
e↵

�Z [GeV] mt [GeV]
Improved Error (±2.3

exp

± 1.5
th

) ⇥ 10�5 (±1
exp

± 0.8
th

) ⇥ 10�4 ±0.03
exp

± 0.1
th

Table 6: Potential improvements for CEPC measurements. The precision of sin2 ✓`
e↵

may be improved with
higher statistics, but will be ultimately limited by systematics to 0.01% precision. The Z width measurement
may be improved by better energy calibration. A precise top mass measurement requires a scan of the tt̄
threshold, and thus a larger collision energy than current CEPC plans.

runs, better calibration, or higher beam energy. Table 6 lists plausible improvements. The accuracy
of sin2 ✓`

e↵

can plausibly be improved with increased luminosity, but systematic uncertainties are
expected to dominate at the 0.01% precision level. The Z width measurement will require a high-
precision calibration of the beam energy, which is made possible at circular colliders by the technique
of resonant spin depolarization [21]. We consider the possibility that this width can be measured
to an experimental precision comparable to the theoretical uncertainty of about 0.1 MeV. The
top mass improvement requires a significant experimental e↵ort. It will either rely on input from
another collider like the ILC with higher beam energy, or a significant boost in the CEPC energy
to scan the top pair production threshold. Such an energy upgrade would significantly improve
the ultimate bound attained on the T parameter. We show the result of such improvements in
Fig. 2. The figure illustrates first the e↵ect of improving both sin2 ✓`

e↵

and �Z (which improves the
bounds on S and T comparably), and then the e↵ect of additionally improving the top mass (which
constrains T somewhat more strongly than S). From this plot it is apparent that upgrades to the

9

Baseline option

With possible improvements.

x4 statistics off Z-pole energy calibration ILC?



Electroweak Precision tests

- Large step above the current precision.


- A factor of 10 improvement in S and T.
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Figure 4. 68% C.L. contours of S and T for ILC (red dashed), the optimistic case of current CEPC plan

(named as the CEPC baseline in the figure; purple solid), the optimistic CEPC plan with sin2 ✓W (green solid)

or �Z (green dashed) improved, both sin2 ✓W and �Z improved (blue dotted), and three observables sin2 ✓W ,

�Z and mt improved (blue solid).

4.1 Nuisance Parameters

4.1.1 The Top Mass mt

Recently, the first combination of Tevatron and LHC top mass measurements reported a result of
173.34 ± 0.76 GeV, with the error bar combining statistical and systematic uncertainties [37]. New
results continue to appear, with a recent CMS combination reporting 172.38±0.10 (stat.)±0.65 (syst.)
GeV [42] and a D0 analysis finding 174.98± 0.76 GeV [43]. These results have similar error bars but
fairly di↵erent central values, which may be a statistical fluke or may in part reflect ambiguities in
defining what we mean by the top mass (see [44] and Appendix C of [45]). This suggests that we
proceed with some caution in assigning an uncertainty to the top mass in any precision fit.

The relevant physics issues have been reviewed recently in refs. [46–48]. At the LHC, kinematic
measurements are expected to reach a precision of 0.5 or 0.6 GeV on the top mass, but theoretical
uncertainty remains in understanding how the measured mass relates to well-defined schemes like the
MS mass. Other observables like the total cross section are easier to relate to a choice of perturbative
scheme, but will have larger uncertainties. The top mass is a very active area of research, in part for
its importance in questions of vacuum stability in the Standard Model (see, for example, refs. [49–
52]). As a result, we can expect continued progress in understanding how to make the best use of
the LHC’s large sample of top quark data to produce more accurate mass determinations. For a
sampling of recent ideas in this direction, see [53–56]. We will follow ref. [23] in assuming that the
LHC will achieve a measured precision of 0.6 GeV and that further experimental and theoretical e↵ort
will reduce the theoretical uncertainty on the meaning of this number to 0.25 GeV. We will also use
their estimate of the current theoretical uncertainty as 0.5 GeV, although we suspect this is overly
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Figure 1. Left: 68% C.L. contours of S and T for di↵erent experiments using the simplified fit as described

in Tables 1 and 2. Right: a magnified view of 68% C.L. contours of S and T for ILC and TLEP. We set the

best fit point to be S = T = 0, which corresponds to the current SM values. Our results are in approximate

agreement with the current fit from ref. [33, 40], current/LHC14/ILC results by the Gfitter group [23], the

TLEP result from a talk by Satoshi Mishima [21]. The contours of TLEP-Z and TLEP-W almost overlap on

top of each other.

are estimated for an energy scan on and around the Z pole with (100� 1000) fb�1 luminosity on the
Z pole and 10 fb�1 for 6 energy points close to the Z pole. The weak mixing angle is derived from
the forward-backward asymmetry AFB of the b quark, which is determined from fits to the di↵erential
cross-section distribution d�/d cos ✓ / 1 + cos 2✓ + 8/3AFB cos ✓. We will also present estimates of
Higgs couplings precisions in Table 6 of Section 6.

CEPC

↵s(M2

Z) ±1.0⇥ 10�4 [35]

�↵
(5)

had

(M2

Z) ±4.7⇥ 10�5

mZ [GeV] ±(0.0005� 0.001) [41]

mt [GeV] (pole) ±0.6
exp

± 0.25
th

[23]

mh [GeV] < ±0.1

mW [GeV] (±(3� 5)
exp

± 1
th

)⇥ 10�3 [24, 38, 41]

sin2 ✓`
e↵

(±(4.6� 5.1)
exp

± 1.5
th

)⇥ 10�5 [25, 38, 41]

�Z [GeV] (±(5� 10)
exp

± 0.8
th

)⇥ 10�4 [26, 41]

Table 3. The precisions of electroweak observables in the simplified electroweak fit at CEPC. The experimental

uncertainties are mostly taken from [41]. Entries that do not display a theory uncertainty either incorporate it

into the experimental error bar or have a small enough theoretical uncertainty that it can be neglected. Similar

to ILC and TLEP, the non-negligible theory uncertainties of the derived observables mW , sin2 ✓`
eft

and �Z come

from unknown four-loop contributions assuming that in the future, the electroweak three-loop correction will

be computed. For �Z , we assumed that it has the same experimental uncertainty as mZ .
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Electroweak Precision tests: lessons

- Better measurement of mW and sin2θeff ⇒ Large 

improvement from current precision.


- Good to have: δmW < 5 MeV, δsin2θeff < 2x10-5 , 
factor of 10 better on ΓZ 
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Figure 5. First row: allowed T (left) and S (right) at 2� C.L. as a function of error bar of one observable

(normalized with respect to its current value) with the precisions of all the other observables in the fit fixed

at current values. Second row: contours of allowed T at 2 � C.L. in the (�mt, �mZ) plane for �mW = 5 MeV

(left) and 1 MeV (right). Again the precisions of all other observables in the fit fixed at current values. Last

row: left plot: contours of allowed S at 2� C.L. in the (�mt, �mZ) plane for � sin
2 ✓`

e↵

= 10�5 (left) ; right plot:

allowed T at 2� C.L. as a function of the error bar of �↵
(5)

had

normalized to its current value fixing �mW = 1

MeV, �mt = 20 MeV and �mZ = 0.1 MeV.
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Electroweak Precision tests: lessons

- Good to have: δmW < 5 MeV, δsin2θeff < 2x10-5 , 
factor of 10 better on ΓZ .

J. Fan, M. Reece, LTW, 1411.1054
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Figure 4. 68% C.L. contours of S and T for ILC (red dashed), the optimistic case of current CEPC plan

(named as the CEPC baseline in the figure; purple solid), the optimistic CEPC plan with sin2 ✓W (green solid)

or �Z (green dashed) improved, both sin2 ✓W and �Z improved (blue dotted), and three observables sin2 ✓W ,

�Z and mt improved (blue solid).

4.1 Nuisance Parameters

4.1.1 The Top Mass mt

Recently, the first combination of Tevatron and LHC top mass measurements reported a result of
173.34 ± 0.76 GeV, with the error bar combining statistical and systematic uncertainties [37]. New
results continue to appear, with a recent CMS combination reporting 172.38±0.10 (stat.)±0.65 (syst.)
GeV [42] and a D0 analysis finding 174.98± 0.76 GeV [43]. These results have similar error bars but
fairly di↵erent central values, which may be a statistical fluke or may in part reflect ambiguities in
defining what we mean by the top mass (see [44] and Appendix C of [45]). This suggests that we
proceed with some caution in assigning an uncertainty to the top mass in any precision fit.

The relevant physics issues have been reviewed recently in refs. [46–48]. At the LHC, kinematic
measurements are expected to reach a precision of 0.5 or 0.6 GeV on the top mass, but theoretical
uncertainty remains in understanding how the measured mass relates to well-defined schemes like the
MS mass. Other observables like the total cross section are easier to relate to a choice of perturbative
scheme, but will have larger uncertainties. The top mass is a very active area of research, in part for
its importance in questions of vacuum stability in the Standard Model (see, for example, refs. [49–
52]). As a result, we can expect continued progress in understanding how to make the best use of
the LHC’s large sample of top quark data to produce more accurate mass determinations. For a
sampling of recent ideas in this direction, see [53–56]. We will follow ref. [23] in assuming that the
LHC will achieve a measured precision of 0.6 GeV and that further experimental and theoretical e↵ort
will reduce the theoretical uncertainty on the meaning of this number to 0.25 GeV. We will also use
their estimate of the current theoretical uncertainty as 0.5 GeV, although we suspect this is overly
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Electroweak precision tests: lessons

- Similar reaches from FCC-ee and CEPC.


- The ultimate precision will be limited not by 
statistics, but by the accuracies of mZ, mtop and 
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Figure 1. Left: 68% C.L. contours of S and T for di↵erent experiments using the simplified fit as described

in Tables 1 and 2. Right: a magnified view of 68% C.L. contours of S and T for ILC and TLEP. We set the

best fit point to be S = T = 0, which corresponds to the current SM values. Our results are in approximate

agreement with the current fit from ref. [33, 40], current/LHC14/ILC results by the Gfitter group [23], the

TLEP result from a talk by Satoshi Mishima [21]. The contours of TLEP-Z and TLEP-W almost overlap on

top of each other.

are estimated for an energy scan on and around the Z pole with (100� 1000) fb�1 luminosity on the
Z pole and 10 fb�1 for 6 energy points close to the Z pole. The weak mixing angle is derived from
the forward-backward asymmetry AFB of the b quark, which is determined from fits to the di↵erential
cross-section distribution d�/d cos ✓ / 1 + cos 2✓ + 8/3AFB cos ✓. We will also present estimates of
Higgs couplings precisions in Table 6 of Section 6.

CEPC

↵s(M2

Z) ±1.0⇥ 10�4 [35]

�↵
(5)

had

(M2

Z) ±4.7⇥ 10�5

mZ [GeV] ±(0.0005� 0.001) [41]

mt [GeV] (pole) ±0.6
exp

± 0.25
th

[23]

mh [GeV] < ±0.1

mW [GeV] (±(3� 5)
exp

± 1
th

)⇥ 10�3 [24, 38, 41]

sin2 ✓`
e↵

(±(4.6� 5.1)
exp

± 1.5
th

)⇥ 10�5 [25, 38, 41]

�Z [GeV] (±(5� 10)
exp

± 0.8
th

)⇥ 10�4 [26, 41]

Table 3. The precisions of electroweak observables in the simplified electroweak fit at CEPC. The experimental

uncertainties are mostly taken from [41]. Entries that do not display a theory uncertainty either incorporate it

into the experimental error bar or have a small enough theoretical uncertainty that it can be neglected. Similar

to ILC and TLEP, the non-negligible theory uncertainties of the derived observables mW , sin2 ✓`
eft

and �Z come

from unknown four-loop contributions assuming that in the future, the electroweak three-loop correction will

be computed. For �Z , we assumed that it has the same experimental uncertainty as mZ .
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Figure 4. 68% C.L. contours of S and T for ILC (red dashed), the optimistic case of current CEPC plan

(named as the CEPC baseline in the figure; purple solid), the optimistic CEPC plan with sin2 ✓W (green solid)

or �Z (green dashed) improved, both sin2 ✓W and �Z improved (blue dotted), and three observables sin2 ✓W ,

�Z and mt improved (blue solid).

4.1 Nuisance Parameters

4.1.1 The Top Mass mt

Recently, the first combination of Tevatron and LHC top mass measurements reported a result of
173.34 ± 0.76 GeV, with the error bar combining statistical and systematic uncertainties [37]. New
results continue to appear, with a recent CMS combination reporting 172.38±0.10 (stat.)±0.65 (syst.)
GeV [42] and a D0 analysis finding 174.98± 0.76 GeV [43]. These results have similar error bars but
fairly di↵erent central values, which may be a statistical fluke or may in part reflect ambiguities in
defining what we mean by the top mass (see [44] and Appendix C of [45]). This suggests that we
proceed with some caution in assigning an uncertainty to the top mass in any precision fit.

The relevant physics issues have been reviewed recently in refs. [46–48]. At the LHC, kinematic
measurements are expected to reach a precision of 0.5 or 0.6 GeV on the top mass, but theoretical
uncertainty remains in understanding how the measured mass relates to well-defined schemes like the
MS mass. Other observables like the total cross section are easier to relate to a choice of perturbative
scheme, but will have larger uncertainties. The top mass is a very active area of research, in part for
its importance in questions of vacuum stability in the Standard Model (see, for example, refs. [49–
52]). As a result, we can expect continued progress in understanding how to make the best use of
the LHC’s large sample of top quark data to produce more accurate mass determinations. For a
sampling of recent ideas in this direction, see [53–56]. We will follow ref. [23] in assuming that the
LHC will achieve a measured precision of 0.6 GeV and that further experimental and theoretical e↵ort
will reduce the theoretical uncertainty on the meaning of this number to 0.25 GeV. We will also use
their estimate of the current theoretical uncertainty as 0.5 GeV, although we suspect this is overly
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Electroweak precision tests: lessons

- If δmZ < 0.5 MeV, δmtop < 100 MeV.


 Δαhad (assuming 4.7x10-5) dominates. 
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Figure 1. Left: 68% C.L. contours of S and T for di↵erent experiments using the simplified fit as described

in Tables 1 and 2. Right: a magnified view of 68% C.L. contours of S and T for ILC and TLEP. We set the

best fit point to be S = T = 0, which corresponds to the current SM values. Our results are in approximate

agreement with the current fit from ref. [33, 40], current/LHC14/ILC results by the Gfitter group [23], the

TLEP result from a talk by Satoshi Mishima [21]. The contours of TLEP-Z and TLEP-W almost overlap on

top of each other.

are estimated for an energy scan on and around the Z pole with (100� 1000) fb�1 luminosity on the
Z pole and 10 fb�1 for 6 energy points close to the Z pole. The weak mixing angle is derived from
the forward-backward asymmetry AFB of the b quark, which is determined from fits to the di↵erential
cross-section distribution d�/d cos ✓ / 1 + cos 2✓ + 8/3AFB cos ✓. We will also present estimates of
Higgs couplings precisions in Table 6 of Section 6.

CEPC

↵s(M2

Z) ±1.0⇥ 10�4 [35]

�↵
(5)

had

(M2

Z) ±4.7⇥ 10�5

mZ [GeV] ±(0.0005� 0.001) [41]

mt [GeV] (pole) ±0.6
exp

± 0.25
th

[23]

mh [GeV] < ±0.1

mW [GeV] (±(3� 5)
exp

± 1
th

)⇥ 10�3 [24, 38, 41]

sin2 ✓`
e↵

(±(4.6� 5.1)
exp

± 1.5
th

)⇥ 10�5 [25, 38, 41]

�Z [GeV] (±(5� 10)
exp

± 0.8
th

)⇥ 10�4 [26, 41]

Table 3. The precisions of electroweak observables in the simplified electroweak fit at CEPC. The experimental

uncertainties are mostly taken from [41]. Entries that do not display a theory uncertainty either incorporate it

into the experimental error bar or have a small enough theoretical uncertainty that it can be neglected. Similar

to ILC and TLEP, the non-negligible theory uncertainties of the derived observables mW , sin2 ✓`
eft

and �Z come

from unknown four-loop contributions assuming that in the future, the electroweak three-loop correction will

be computed. For �Z , we assumed that it has the same experimental uncertainty as mZ .

– 6 –

���� �����	
� (������ ���	�)
��� (��� ������)
������� �	
�� (���
� ���	�)
������� �� (���
� ������)
������� ��� �	
�� (����� ������)
������� ��� �	
��� �� (����� ���	�)

� = �

�� % ����

-0.04 -0.02 0 0.040.02

-0.04

-0.02

0

0.06

0.04

0.02

S

T

Figure 4. 68% C.L. contours of S and T for ILC (red dashed), the optimistic case of current CEPC plan

(named as the CEPC baseline in the figure; purple solid), the optimistic CEPC plan with sin2 ✓W (green solid)

or �Z (green dashed) improved, both sin2 ✓W and �Z improved (blue dotted), and three observables sin2 ✓W ,

�Z and mt improved (blue solid).

4.1 Nuisance Parameters

4.1.1 The Top Mass mt

Recently, the first combination of Tevatron and LHC top mass measurements reported a result of
173.34 ± 0.76 GeV, with the error bar combining statistical and systematic uncertainties [37]. New
results continue to appear, with a recent CMS combination reporting 172.38±0.10 (stat.)±0.65 (syst.)
GeV [42] and a D0 analysis finding 174.98± 0.76 GeV [43]. These results have similar error bars but
fairly di↵erent central values, which may be a statistical fluke or may in part reflect ambiguities in
defining what we mean by the top mass (see [44] and Appendix C of [45]). This suggests that we
proceed with some caution in assigning an uncertainty to the top mass in any precision fit.

The relevant physics issues have been reviewed recently in refs. [46–48]. At the LHC, kinematic
measurements are expected to reach a precision of 0.5 or 0.6 GeV on the top mass, but theoretical
uncertainty remains in understanding how the measured mass relates to well-defined schemes like the
MS mass. Other observables like the total cross section are easier to relate to a choice of perturbative
scheme, but will have larger uncertainties. The top mass is a very active area of research, in part for
its importance in questions of vacuum stability in the Standard Model (see, for example, refs. [49–
52]). As a result, we can expect continued progress in understanding how to make the best use of
the LHC’s large sample of top quark data to produce more accurate mass determinations. For a
sampling of recent ideas in this direction, see [53–56]. We will follow ref. [23] in assuming that the
LHC will achieve a measured precision of 0.6 GeV and that further experimental and theoretical e↵ort
will reduce the theoretical uncertainty on the meaning of this number to 0.25 GeV. We will also use
their estimate of the current theoretical uncertainty as 0.5 GeV, although we suspect this is overly
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CEPC Design

Parameter Unit Value Parameter Unit Value
Beam energy  [E] GeV 120 Circumference  [C] m 54752
Number of IP[NIP] 2 SR loss/turn  [U0] GeV 3.11
Bunch number/beam[nB] 50 Energy acceptance RF [h] % 5.99
SR power/beam [P] MW 51.7 Beam current [I] mA 16.6
emittance (x/y) nm 6.12/0.018 bIP(x/y) mm 800/1.2
Transverse size (x/y) mm 69.97/0.15 Luminosity /IP[L] cm-2s-1 2.04E+34

¾ Beam physics: dynamic aperture, 
momentum acceptance, electron 
cloud, pretzel scheme, …

¾ SRF system: High-Q cavity, power 
loading, HOM dumping, …

¾ Total power consumption 



SppC Accelerator 

April 8, 2016 

JY Tang et. al. 

• Lattice design: three persons (1 postdoc, 2 students) 
working on the SPPC lattice 
– Race-track lattice to be compatible with CEPC 
– We do not need to by-pass the CEPC detectors 
– Different schemes (@70, 100 TeV) 

• Collimation Study:  two persons (1 postdoc, 1 student) 
working on collimation method and schemes 
– Transverse and longitudinal collimation in the same long straight 

section (overcoming beam loss at arc encountered by LHC) 
 
 
 

• High-field SC magnets: seeking collaboration with industry, 
HT conductor research units, international partners 

29 



Probing NP with precision measurements

- CEPC: clean environment, good for precision. 


- We are going after deviations of the form


- Take for example the Higgs coupling. 

LHC precision: 5-10% ⇒ sensitive to MNP < TeV


However, MNP < TeV largely excluded by direct NP 
searches at the LHC. 


To go beyond the LHC, need 1% or less precision.

� ' c
v2

M2
NP

MNP :  mass of new physics
c: O(1) coefficient



Q. Cao,  B. Yan, 1507.06204

Scale of new physics.
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Figure 4. The 95% exclusion (blue) and 5� discovery (red) sensitivities to the new physics scales
⇤/

p|cj | by combining the current electroweak precision measurements (↵, GF , MZ , MW ) [30] with
the future Higgs observables at the Higgs factory CEPC (Table 2) and Z-pole measurements (Ta-
ble 5) under a projected luminosity of 5 ab�1 [12].

operators OWB, O(3)

LL, and OL also receive significantly enhanced constraints. In contrast,
the operator OBB is not significantly improved since its contribution to Z-pole observables
is highly suppressed. We present the final results in Fig. 4.

Fig. 4 demonstrates that the Z-pole measurements are even more sensitive than the
Higgs observables for indirectly constraining the new physics scales of effective dimension-
6 operators. This is mainly because of the huge event number that can be produced at
the Z-pole resonance. We see that running the future e+e� collider at Z-pole is beyond
the technical purpose of the machine calibration. Our study shows that it is worth of
running the collider at Z-pole for a longer time. Or, after running the Higgs factory at
Higgsstrahlung energy (240� 250GeV), it is invaluable to return to the Z-pole running for
a period and thus ensure the no-lose probe of new physics.

5 Conclusions

The LHC Higgs discovery in 2012 led particle physics to a turning point at which the
precision Higgs measurements have become an important task for seeking clues to the new
physics discovery. A future Higgs factory (like the proposed e+e� colliders CEPC, FCC-ee,
and ILC) can provide such precision Higgs measurements.

In this work, we studied the new physics scales that a future Higgs factory can probe via
general dimension-6 operators involving the observed Higgs boson (Table 1). Our analysis
utilizes the existing electroweak precision observables (EWPO), as well as the Higgs observ-
ables and precision measurements at the CEPC. The conventional scheme-dependent anal-
ysis usually fixes the three electroweak parameters (g, g0, v) with three high precision elec-
troweak observables (↵, GF ,MZ) in the Z-scheme or (↵,MW ,MZ) in the W -scheme, while
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p
s (GeV) 250 350 500 1000

B selection cuts (⇥105) 7.169 4.229 2.450 0.708

�M cut 7640 3993 2104 475

S
SM

ee!H�,H! bb̄

selection cuts 58 21 33 12

�M cut 58 21 33 12

S
SM

/
pB 0.664 0.33 0.72 0.55

SZ�

(ee!H�)
794 808 940 853

SZ�

ee!H�,H! bb̄

selection cuts 451 482 569 341

�M cut 451 482 569 341

SZ�/
pB 5.2 7.6 12.4 15.6

S��

(ee!H�)
1234 1284 1951 2082

S��

ee!H�,H! bb̄

selection cuts 701 754 1180 834

�M cut 701 754 1180 834

S��/
pB 8.0 11.9 26.3 38.2

Table 1. The number of events of the signal (S
SM/Z�/��) and the background (B) for various c.m. energies (

p
s).

The signal is further divided into the SM contribution only(S
SM

) and the contribution of both the SM and NP
e↵ects(SZ�/��). For illustration we choose ⇤=2 TeV, FZ� =1,F�� =0 for SZ� and FZ� =0,F�� =1 for S�� . The
integrated luminosity is chosen as 1 ab�1.
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Fig. 5. Sensitivities to the HZ�/H�� anomalous coupling at the e+e� collider as a function of
p
s for L=1000 fb�1

and ⇤= 2 TeV. The shade regions above or below the black-dashed curves are good for discovery. The CMS ex-
clusion limits and allowed regions obtained from the Higgs boson rare decay are also shown for comparison (see
the horizontal red-dashed curves and red regions): (a) CMS exclusion limits (

p
s = 8 TeV and L = 19 fb�1); (d)

CMS allowed regions (
p
s= 8 TeV and L= 19 fb�1); (b), (e) CMS projection allowed regions (

p
s= 14 TeV and

L=300 fb�1; (c), (f) CMS projection allowed regions (
p
s=14 TeV and L=3000 fb�1).
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FIG. 2: 1σ (green), 2σ (yellow) and 3σ (gray) allowed regions for the couplings ∆g1,Z , ∆κγ , λγ

(upper panels) and coefficients cHW , cHB , c3W (lower panels) at CEPC with
√
s = 240 GeV and a

luminosity of 5 ab−1 (combining all the available channels). In drawing the plots, two of the three

couplings are allowed to vary and the third one is fixed to zero.

or coefficients being allowed to vary and the third one being fixed to zero. The 1σ, 2σ and 3σ

regions for the three couplings ∆g1,Z , ∆κγ , λγ and coefficients cHW , cHB, c3W are presented

in Fig. 2, where we use all the available decay channels. In obtaining the contours, we set

the standard ∆χ2 values for two independent variables: for 1σ, 2σ and 3σ errors ∆χ2 equals

2.30, 6.18 and 11.83 respectively.

We can read from Eq. (15) and Fig. 2 that some of the anmalous couplings are strongly

correlated, such as ∆g1,Z and λγ, and the direction ∆g1,Z + λγ is much less severely con-

strained than in other combinations. However, we would like to stress that the correlations

of the couplings, no matter whether these couplings are related by some symmetries, depend

both on the theoretical predictions and the experimental data. In presence of the future

CEPC data, correlations between the anomalous couplings might be dramatically changed.

By the way, the potential blind directions might be removed by incorporating the helicity

information of e± and W± [38, 50].
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