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Updates

» HL-LHC
» The new Higgs inputs in the LHC WG reports are implemented.

» Diboson (TGC) measurements at HL-LHC are also implemented.
[arXiv:1810.05149] Grojean, Montull, Riembau

» CEPC
» New TGC analysis using optimal observables.
» Implemented Z-pole measurements, W mass/width/BR measurements.

» EFT framework
> Previously we assume perfect EW measurements (Z-pole, W

e 2 mass/width/BR).
N > Now we have implemented realistic EW measurements (and included the

relevant operators).

hoy Can the CEPC Z-pole measurements constrain the relevant operators well
enough so they do not have an impact on the Higgs processes? (Yes!)
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old vs. new (Higgs basis)

Old . precision reach of the 12-parameter EFT fit (Higgs basis)

M LHC 300/3000 ™" Higgs + LEP e’e™»>WW
B CEPC 240GeV (5.6 ab™), without/with HL-LHC

precision

» Full fit: only the Higgs
parameters are shown.

R T L » HL-LHC: ATLAS and CMS
new: precision reach of the full EFT fit (Higgs basis) are comblned. (The
Bilics /52 correlation between
J.CEPC 240GeV (5.6 ab™!), without/with HL-LHC 52| |- i ATLAS/CMS are not
provided by the WG.)
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old vs. new (D6 operato

old . 95% CL reach from the 12—-parameter EFT fit
102 W LHC 300/fo Higgs + LEP 6’6" >WW.
B LHC 3000/fb Higgs + LEP 6"6™>WW

C el i
B GEpC 24000V & 620 oty n > Re, Arp still missing
Wl CEPC 240GeV (5.6/ab) + HL-LHC

Tgnt shade: indvidual (on operator i a tme)
sols

4 » Flavor universality
imposed on gauge
| couplings for now (can
be removed later).

O4 Oww Ose Oww Owe Oss Oy, O,

Oy, Oy, Oy, Osw
95% CL reach from the full EFT fit

102~ HL-LHC S1 LEP/SLD included| —
new: M HL-LHC S2 for all scenarios

M CEPC 240GeV (5.6/ab) only
B CEPC 240GeV (5.6/ab) + HL-LHC S2

Tight shade: individual fit (one operator at a fime)
solid shade: global fit

Oy Oww Oss Ouw Ows O Oy, Oy, Oy, Oy Oy, Osw Ows Or One Oug Ohg Owu Ona Oy

n Gu (Fi=7H)

Updates on EFT fit



D6 operators

On = 5(0uH?))? OGG = g5|H*G}, G
Oww = g2|H|2Wf“, wanv yu|H|2QLHuR + he. (w—to
Ogg = /2|H|QB »BHY yd|H|29LHdR + h.c. (d — b)
OHW Ig(DP‘H)TO'a(DV ) O,Ve = ye|H|2LLHeR + h.c. (e — 7, p)
=g (DHH)T(DV H)Bu Ozw = %g%bcvvivmﬁ;pwcpu
OWB =gg HTcraHWiUBW ol, = iH' D HEr"¢;
Or= 1(HTF H)? "/ = iH' 03D, Heio3 1 ¢;
Ou = (f’yp‘f) (Z’Yﬂe) OI—& iHt Hé,")/“ej
= iH'D, Han"q; = iH'D, Hi"y;
o”fq = it 0D, Haio®yq; oHd = iHt Dy Hay o

» “Modified SILH’ basis” (Ow, O — Oww, Ows)

» O} and O} are eliminated via e.o.m. in this basis.

» Flavor Universality assumption (for gauge couplings): ¢*! = ¢*2

¢/ =0forij.
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Basis choice

» In the CDR:
» Higgs basis < Higgs coupling precision
» D6 operator basis (modified SILH’) < new physics scales

» Effective couplings (“Peskin basis”, [arXiv:1708.08912],
[arXiv:1708.09079], Peskin et. al.)

> g(hZZ), g(hWW) defined at the scale of the relavent Higgs decay (h — ZZ,
_)

» Used in ILC and FCC-ee official documents.
> It looks like « but it is not x!

» Replace Higgs basis with “Peskin basis”? In any case, we can decide
later...
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Updated results for all collider:

precision reach on effective couplings from full EFT global fit

1 Il HL-LHC S2 LC 250GeV Il CLIC 380GeV light shade: CEPC/FCC-ee without Z-pole rur{ | 107!
Ml CEPC Z/WW/240GeV LC 250GeV/350GeV Il CLIC 380GeV/1.5TeV Y perfect EW
Ml FCC-ee Z/WW/240GeV/365GeV |l ILC 250GeV/350GeV/500GeV (Il CLIC 380GeV/1.5TeV/3TeV | lepton coliders are combined with HL-LHC.
i P(e",6")=(70.8,40.3) P(e”,6")=(70.8, 0) imposed U(2) in 182 gen quarks
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15
1
Gz Gww  Gny Ghzy Ghgg Gt Ghco Groo Ghee Gy Oz Sy Az
10% Improvement factor w.r.t. HL-LHC S2 10%
10 10

» FCC 240GeV(5ab™1) + 350GeV(0.2ab~1) + 365GeV(1.5ab™ 1)
ILC 250GeV(2ab—!) + 350GeV(0.2 ab~ 1) + 500GeV(4 ab— 1)

CLIC 380GeV(1ab~ ')+ 1.5TeV(2.5ab~ 1) + 3TeV(5ab!
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Conclusion

» HL-LHC numbers are better, but the overall picture is not changed.

» For the Higgs coupling measurements, the CEPC Z-pole run is “good
enough” to constrain the EW operators that enters the Higgs processes.

» Some important advantages of CEPC are not reflected in the EFT
framework. (Higgs total width measurement, Higgs exotic decays...)
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Refined TGC analysis

A refined TGC analysis using Optimal Observables

» TGCs are sensitive to the differential distributions! , e
» Current method: fit to binned distributions of all ! )
angles. ’ ——in

» Correlations among angles are ignored.

» What are optimal observables?
(See e.g. Z.Phys. C62 (1994) 397-412 Diehl & Nachtmann)
» For a given sample, there is an upper limit on the
precision reach of the parameters.
> In the limit of large statistics (everything is Gaussian) N
and small parameters (leading order dominates), this
“upper limit” can be derived analytically!

ined distributions, stafistical uncertainties Dnl{
imal observables, statistical uncertainties only

> 92 = %lsm+ Y S(Q)ig:. The optimal observables e

i 0.0010

are simply the S(Q);.

precision

» Very idealized! How well can we actually do?
> Assume Agys & Agtat ?
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Refined TGC analysis

Results on Higgs couplings (Comparison with the perfect Z-pole case)

ratios of precision reaches at CEPC with different Z-pole scenario (Higgs basis)

3.0f W with perfect Z-pole measurements
M with CEPC Z-pole run (combined with LEP/SLD)
2.5F W without CEPC Z—pole run (LEP/SLD only)
2 CEPC: 240 GeV (5.6 ab™") and Z-pole (8 ab™")
$ 20F light shade: flavor non-universal ~ solid shade: flavor universal for leptons
3 2
]
£ 1.5F
48
3 1.0F
0.5F
0.0

6z Cz 6 Ty Tz Ty N G G Gy, A

e 2
>‘/4 » The hZee contact interactions grow with energy, so they have a larger
e ‘., impact on the et e~ — hZ production.

» The Zee couplings also enter e"e~ — WW and affect the reaches on
aTGCs.

» The hZZ and hWW couplings are constrained less well.
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Refined TGC analysis

In terms of effective couplings (“Peskin” basis)

ratios of precision reaches at CEPC with different Z—pole scenario (effective kappa)

3.0f [ with perfect Z-pole measurements 1
W with CEPC Z-pole run (combined with LEP/SLD)
2.5F | M without CEPC Z—pole run (LEP/SLD only) ]
2 CEPC: 240 GeV (5.6 ab™') and Z-pole (8 ab™')
& 5 of  Liahishade: favor non-universal_solid shade: lavor universal for leptons ]
3 2
g
;‘i 1.5¢ ]
3 1.0f 1
0.5F q
0.0
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» T'h_,ww has a sizable contribution to the Higgs total width, which has an
impact on the extraction of other couplings (in particular gppp).

» Also note the impacts on aTGCs.
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Refined TGC analysis

How about the WW threshold run?

» The WW threshold hold run has a small impact in our EFT fit.
» my can also be measured relatively well at 240 GeV (2-3 MeV).

» T'y can be constrained indirectly by WW measurements at 240 GeV,
assuming W has no exotic decays.

» The threshold run is not so sensitive to the aTGCs. (eTe™ — WWis
dominated by the t-channel diagram near the threshold.)
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