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EW Precision Measurements at \/E =91 & 160 GeV



Js =90, 160 GeV
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Currently no 1LC design for +/s =90, 160 GeV. Not easy to run the ILC at these energies.
e.g. 150 GeV (125 GeV) e~ beam needed for positron production in baseline (lumi upgrade) design.
A resonable design goal might be L=5x10* @ 91 GeV and L=1x10* @ 160 GeV in the lumi upgrade config.

This would provide det =100 fb™ @ 91 GeV in 8 mos. and I Ldt =200 fo™ @ 160 GeV in 8 mos.



EW Precision Measurements with CEPC & ILC

CEPC ILC
91 +160 GeV | 91+160 GeV
100 +500 fb™ | 100 + 200 fb™
AA . - 1x10™"
Asin®@;" 2.7x107° 1.3x10°°
AM, 0.5 MeV 1.6 MeV
AT, 0.5 MeV 0.5 MeV
Aag(M?) 1.0x10™" 5.0x10™
AN, 0.001 0.004
AA, - 0.001
AR, = A Ly 1.7 x10™ 1.4%x10™
had
AR, = A L b 0.007 -
I
AM,, 2.5 MeV 4 MeV

Note : This is probably the maximum
Integrated luminosity at these energies
during the lifetime of the ILC. On the
other hand CEPC can readily
accumulate much more luminosity at
these energies.




Higgs Physics



ILC Higgs Coupling Precisions

H20 @ 8yrs H20 @ 20yrs

Topic Parameter | Initial Phase | Full Data Set | units ref.
Higgs mp, 25 15 MeV [51]
¢(hZZ) 0.58 0.31 Y% 8]

g(hWW) 0.81 0.42 Yo 8]

g(hbb) 1.5 0.7 /7 8]

g(hgg) 2.3 1.0 Y% |8]

g(hyy) 7.8 34 /7 8]

1.2 1.0 %, w. LHC results [52]

g(htt) 1.9 0.9 % 18]

g(hce) 2.7 1.2 Y 8]

g(hit) 18 6.3 %, direct [8]

20 20 %%, tt threshold [53]

g(hup) 20 9.2 Yo 8]

g(hhh) 77 27 Y 18]

ot 3.8 1.8 Yo 8]

Ciwis 0.54 0.29 T, 95% conf. limat [8]

[8] D. M. Asner er al., “ILC Higgs White Paper,” arXiv:1310.0763 [hep-ph].
[51] H. Li, arXiv:1007.2999 [hep-ex].

[52] M. E. Peskin, in the Proceedings of the APS DPF Community Summer Study (Snowmass
2013), arXiv:1312.4974 [hep-ph].

[53] T. Horiguchi, A. Ishikawa, T. Suehara, K. Fujii, Y. Sumino, Y. Kiyo and H. Yamamoto,
arXiv:1310.0563 [hep-ex].



ILC + CEPC

Take CEPC errors on o and o+BR from pre Conceptual Design Report assuming 240 GeV with 5ab™ :

AMy Ty a(ZH)
5.9 MeV 2.8% 0.51%
Decay mode o(ZH) x BR
H—=bh 0.28%
H —ce 2.2%
H — gg 1.6%
H—711 1.2%
H—-WW 1.5%
H— 77 4.3%
H — vy 9.0%
H — pp 17%
H — inv —

Take ILC errors on o and o+BR from arXiv:1506.07830 assuming 250+350+500 GeV with either:
0.5+0.2+5.0 ab™ (G-20 scenario) or 2.0+0.2+4.0 ab™ (H-20 scenario)

Perform model independent fit of b,c,g,W, 7,Z,y,u,invis Higgs couplings and total width using
standard program (from Michael Peskin) for ILC & CEPC separately and combined.



. ILC 250+350+500 GeV with 340+200+1000 fb™ (G-20 scenario at 8.1 yrs)
B CEPC 250 GeV with 5000 fb™

B ILC + CEPC under the conditions listed above
1

102

Relative Higgs Coupling Error
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. ILC 250+350+500 GeV with 500+200+500 fb™ (H-20 scenario at 8.1 yrs)
B CEPC 250 GeV with 5000 fb™

B ILC + CEPC under the conditions listed above
1

107

Relative Higgs Coupling Error

-3
10 bb cC Qg W tautau i gamgam mumu invis GamTot

BestAg: CEPC  CEPC  CEPC ILC CEPC CEPC CEPC CEPC CEPC CEPC
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. ILC 250+350+500 GeV with 500+200+5000 fb™ (G-20 scenario full run = 19.7 yrs)
Bl CEPC 250 GeV with 5000 fb™

B ILC + CEPC under the conditions listed above
e e e s e ER S

1072

Relative Higgs Coupling Error

-3
10
bh cc aa W tautau 27 gamgam mumu invis GamTot

BestAg: ILC ILC ILC ILC ILC CEPC ILC CEPC CEPC ILC
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. ILC 250+350+500 GeV with 2000+200+4000 fb* (H-20 scenario full run = 20.2 yrs)
Bl CEPC 250 GeV with 5000 fb™

B ILC + CEPC under the conditions listed above
e e e e e e 5 s S S 5 S SR

107

Relative Higgs Coupling Error

103

bb cC Qg W tautau i gamgam mumu invis GamTot

BestAg: ILC ILC ILC ILC ILC CEPC ILC CEPC CEPC ILC
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. ILC 250+350+500 GeV with 340+200+1000 fb™ (G-20 scenario at 8.1 yrs)

. -1
Bl CEPC 250 GeV with 5000 fb How does ILC help CEPC in a situation where
B ILC + CEPC under the conditions listed above | CEPC has (mostly) the best individual results?

1

102

Relative Higgs Coupling Error

-3
1 D bb cc gq YW tautau rard gamdgam mumu invis GamTot
CEPC Ag
o ag 191 145 158 326 163  1.07 126 111  1.08 1.70
ExtraCEPC® 565 110 150 963  16.6 14 5.9 2.3 1.7 18.9

Running (yr)

13

*Additional CEPC running required to match ILC contribution to Combination. Assumes all extra running at Js =250 GeV



. ILC 250+350+500 GeV with 2000+200+4000 fb* (H-20 scenario full run = 20.2 yrs)

; -1
Bl CEPC 250 GeV with 5000 b How does CEPC help ILC in a situation where
B ILC + CEPC under the conditions listed above ILC has (mostly) the best individual results?

T e T e e

107

Relative Higgs Coupling Error

-3
10
bb cC Qg W tautau i gamgam mumu invis GamTot

ILC Ag
Comb. Ag 1.28 1.31 1.31 1.47 1.37 1.58 1.21 1.44 1.58 1.42

=ralle® 104 104 104 104 104 104 104 104 104 104
Running (yr)
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*Additional ILC running required to match CEPC contribution to Combination. Assumes all extra running at Js =250 GeV



Highlights of Combination of CEPC with ILC G-20 @ 8.1 yrs

CEPC ILC+CEPC
AQ,,, |0.26% = 0.22%
AGu | 1.22% = 0.38% *
AQ,., |1.30% = 0.68%
Ag,.. |144% = 0.88%
AQy,, |153% = 0.97%

* Might be interesting to include o(WW — H) in precision Higgs analyses



Highlights of Combination of CEPC with ILC H-20 @ 20 yrs

CEPC ILC+CEPC
AQ,,, |0.26% = 0.20%
AQpww 11 1.22% = 0.26% *
AQy,, 11.30% = 0.47%
AQ,.. [1.44% = 0.65%
AQyy, |193% = 0.70%

* Again, might be interesting to include o(WW — H) in precision Higgs analyses



CEPC Higgs Self Coupling Measurement at Ecm=240 GeV

r

M. McCullough, arXiv:1312.3322 5210 =100 (26, + 0.0146;,) %

d,,, fixed to SM value (o, =0)
d,,z, fixed to SM value

~ 50,0051

5, = - = 36%
0.014  0.014

Note: Oft quoted 30% error comes from combining CEPC with 50% HL-LHC meas.
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CEPC Higgs Self Coupling Measurement at Ecm=240 GeV

M. McCullough, arXiv:1312.3322

d,,, fixed to SM value (o, =0)
d,,z, fixed to SM value

5 _ 52 0.0051
" 0.014 0.014

= 36%

Note :

6210 =100 (267 + 0.0146) %

Neutral scalar partners
Canonically alize kinetic term—s| couplings
Shifs
ratios;

caxfesTrE
HIGGS

Examples of
BSM physics
with 6, #0 :

eol? v? 1
o -1+
7% g Vralte - 1)

i f4mE and dazp = (o2 S /es

2 Sozy direglly al GEPC via
where T, =

Higgs mixes
couplings dictate
(as in the chiral lagrangian)

_.___

wi he:

« Cross section at CEPC modified by:

9r, - 8 S7TE
1 2r, - 27

e 1 Il
1= 2r + 2 /ral7

avy resonances
d by symmetries

e, =
e l= Rl
f= decay constant of pNGB Higgs

Coupling deviation contributes to pregision electioweal

Neutral fermionic partners

e.q. Twin Higgs

No direct sei

Higgs is a pNGB; coupling
deviations like those of

composite Higgs models

k

W@LAC s \\r.n:n:l.\trr.vl:nm. woppri,

Oft quoted 30% error comes from combining CEPC with 50% HL-LHC meas.
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ILC Higgs Self Coupling Measurement at Ecm=500 GeV

g,,, fixed to value from o(ZH) measurement

d,.,, fixed to SM value <« Needs to be more fully addressed in ILC studies

Extract g,,,, from measurement of o(ZHH)
using HH — bbbb & bbW *W~

Ao(ZHH) —16% — A _ 27% for ILC scenario H-20 @ 20 years.
o(ZHH) Ghnn

Note: Thisassumes SM g,y - If 9,4y =2 xSM then A _ 574 = A9 _ 1405,
Jhn Ghnn
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Other Higgs Measurements with CEPC & ILC G-20 at 8.1 yrs

CEPC ILC
250 GeV | 250 + 350 + 500 GeV | Combined
5000 fo* | 500 + 250 + 500 fbo
Am,, 5.9 MeV 25 MeV 5.7 MeV
A 36 % 76 % 33 %
9HHH
Aun _ 16.6 % 16.6 %
gttH
*)
Adun _ 6.7 % 6.7 %
gTTH

"Assumes ILC 500 GeV running actually takes place at Js =550 GeV
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Other Higgs Measurements with CEPC & ILC H-20 at 20 yrs

CEPC ILC
250 GeV | 250+ 350+500 GeV | Combined
5000 fo* | 2000 + 250 + 4000 fo
Am,, 5.9 MeV 12.5 MeV 5.3 MeV
Aunn | 359 27 % 22 %
Ohin
A _ 5.9 % 5.9 %
gt'[H
*)
Adun _ 2.4 % 2.4 %
gTTH

) Assumes ILC 500 GeV running actually takes place at /s =550 GeV
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ILC +CEPC Summary

» ILC helps CEPC:
© A g measurement and top mass

Precise g,yw Mmeasurement reduces errors on all Higgs couplings
- Top Yukawa coupling

ILC o(ZHH) measurement (and others | assume) help interpret precision CEPC o(ZH) meas.
> New particle searches at 500 GeV

» CEPC helps ILC:

> Many EW precision measurements: M,, I';, ag, Nv, MW, ...
> Precise g,;; measurement reduces errors on all Higgs couplings

> Much better meas. of Higgs invisible width, BSM decays, rare decays such as yy and pp
> In general, CEPC gives ILC more flexibility to concentrate on higher E_,, running.

» CEPC+ILC combination helps the particle physics community:
- Higgs Z coupling error Ag,;; = 0.2%
- Higgs W coupling error Agy, = 0.3%
- Higgs b coupling error Ag,, = 0.5%
> Higgs self coupling error Agyyy = 22%
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ILC + FCC-ee

Take FCC-ee errors on o and o+BR from arXiv:1308.6176 assuming 240+350 GeV with 10.0 + 2.6 ab™* :

| | TLEP 240 |

OHZ 0.4%

oz, X BR(H — bb) 0.2%
OHZ X BR(H — C(_j) 1.2%
onz X BR(H — gg) 1.4%
onz X BR(H - WW) 0.9 %
onuz X BR(H — 77) 0.7 %
onz x BR(H — ZZ) 3.1%

ouz X BR(H — v7)

3.0%

onz X BR(H — )

13%

oww—n X BR(H — bb)
/s (GeV) | TLEP
240 - 250 | 2.2%

350 | 0.6%

The additional events from the Higgs-strahlung process at 350 GeV allow the statistical precision
for all the aforementioned measurements to be improved by typically 5% for TLEP with respect to the
sole 240 GeV data.

= Branching fraction to invisible tested directly to

0.19% @ 95% CL

Take ILC errors on o and o+BR from arXiv:1506.07830 assuming 250+350+500 GeV with either:
0.5+0.2+5.0 ab™ (G-20 scenario) or 2.0+0.2+4.0 ab™ (H-20 scenario)

Perform model independent fit of b,c,g,W, 7,Z,y,u,invis Higgs couplings and total width using
standard program (from Michael Peskin) for ILC & FCC-ee separately and combined.



B 1LC 250+350+500 GeV with 2.0+0.2+4.0 ab™ (H-20 scenario)
B FCC-ee 240+350 GeV with 10.0 + 2.6 ab™
B ILC + FCC-ee under the conditions listed above

How does ILC help FCC-ee?

10

Relative Higgs Coupling Error

10°°

bb cc gg WwW tautau zZ gamgam mumu invis GamTot
FCC-eeAg 4 38 1.26 1.40 1.62 1.29 1.17 1.13 1.22 1.14 1.30
Comb. Ag

Extra FCC-ee* 9.0 5.9 9.6 16.2 6.6 1.8 2.8 4.9 1.5 6.9

Running (yr)
*Additional FCC-ee running required to match ILC contribution to Combination. Assumes the same 10:2.6 luminosity ratio for

240:350 GeV except ZZ & invis which assume that all extra running is at 240 GeV 24



Bl 1LC 250+350+500 GeV with 2.0+0.2+4.0 ab™ (H-20 scenario)
Bl FCC-ee 240+350 GeV with 10.0 + 2.6 ab™
B ILC + FCC-ee under the conditions listed above

How does FCC-ee help ILC ?

10

Relative Higgs Coupling Error

-3
10 bb cc g9 WwW tautau v gamgam mumu invis GamTot

ILC Ag
Comb.Ag  1.60 1.82 1.51 1.76 1.82 1.93 2.32 1.74 2.06 1.78

oaallt™ 473 257 142 233 257 167 487 225 167 241

Running (yr)
*Additional ILC running required to match FCC-ee contribution to Combination. Assumes the same 1:2 luminosity ratio for

250:500 GeV except ZZ & invis which assumes all extra running at 250 GeV.
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