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Introduction

EFT fit v1.0

» Why EFT fit?
> A systematic parameterization of BSM contributions to Higgs couplings.
(If v < A, leading order contributions are parametrized by D6 operators.)

» EFT vs. “k”: EFT automatically includes the hVV anomalous couplings and
imposes gauge invariance.

» Higgs (e"e~ — hZ,e"e~ — vwh, Higgs decays) and diboson
(eTe” — WW) measurements.
» ete~ — WW probes the anomalous triple gauge couplings (aTGCs).

» A lot of parameters! We can reduce the parameter space by assuming
the new physics ...
> is CP-even,
» does not generate dipole interaction of fermions,
» has no corrections to Z-pole observables and W mass.

» Only 12 combinations of operators are relevant for the measurements
considered (with the inclusion of the Yukawa couplings of ¢, ¢, b, 7, ).
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Introduction

EFT fit v1.0

» Higgs basis (LHCHXSWG-INT-2015-001, A. Falkowski) with the following 12

parameters,

(SCZ; Czz, Czo, C’Y’77 CZ’yv CQQ7 5.Vh 5}’0, 5}/177 5}/-“ 5}/;” )‘Z~

v

The Higgs basis is defined in the broken electroweak phase.

» 8¢z <> hZFZ,,, czz <> hZFYZ,,, cz0 <+ hZ,0,ZM".

v

v

parameters.

>

Couplings of h to W are written in terms of couplings of h to Z and ~.

3 aTGC parameters (6g1,z, dk+, Az), 2 written in terms of Higgs

It can be easily mapped to the following basis with D6 operators.

On = $(0uIH])?

Oww = &° [HI> W5, Wi
Opg = g,2|H‘2prB‘“’

Ohw = ig(D*H)T o (DY H)WA,,,
Og = ig' (D*H)t (D H)B,.

Oge = g2 |HI? G, GM I

Oy, = yulHI?Q Hug + h.c.  (u—tc)
Oy, = valHI?QHdg + hc.  (d— b)
Oye = YelH|?’L Heg + h.c. (e — 7, 1)
O3y = %gfabcm’/v‘/ﬁpwcpu
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Introduction

EFT fit v1.0

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

I LHC 300/3000 fo™' Higgs + LEP e*e »WW
1J Ml CEPC 240GeV (5.6 ab™"), without/with HL-LHC 4
» Results in the CEPC Higgs
g 102 whitepaper (arXiv:1810.09037)
and the CDR.
107
(covered by Zhen Liu in the
s Cem e Gy G & o On ow On oy, previous talk)
95% CL reach from the 12-parameter EFT fit
102 [ W LHC 300/fb Higgs + LEP 6" >WW. =

Ml LHC 3000/fb Higgs + LEP e*e™>WW
W CEPC 240GeV (5.6/ab) only
M CEPC 240GeV (5.6/ab) + HL-LHC

Tight shade indvidual il (one operator at a time)
lsolid shade: giobai fit
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Introduction

EFT fit v1.0

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

I LHC 300/3000 fo™' Higgs + LEP e*e »WW
Bl CEPC 240GeV (5.6 ab™"), without/with HL-LHC ,

precision

6z Cz Cm Ty Tz T & & O Gy Oy, Az

95% CL reach from the 12-parameter EFT fit
W LHC 300/fb Higgs + LEP e*e"»>WW
Ml LHC 3000/ Higgs + LEP e*e”»>WW
W CEPC 240GeV (5.6/ab) only
Ml CEPC 240GeV (5.6/ab) + HL-LHC

TSl Shade T i one operator ata Ume)
lsolid shade: giobai fit

10?

Oy Oww Oss Ow Ows Osc O, O O, O, O, Osw

n Gu (/5

Results in the CEPC Higgs
whitepaper (arXiv:1810.09037)
and the CDR.

(covered by Zhen Liu in the
previous talk)

Now we wait for 20 years until
all the data is taken ...

Towards v2.0 of the CEPC EFT



Introduction

EFT fit v1.0

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

I LHC 300/3000 fo™' Higgs + LEP e*e »WW
Bl CEPC 240GeV (5.6 ab™"), without/with HL-LHC ,

precision

6z Cz Cm Ty Tz T & & O Gy Oy, Az

95% CL reach from the 12-parameter EFT fit
W LHC 300/fb Higgs + LEP e*e"»>WW
Ml LHC 3000/ Higgs + LEP e*e”»>WW
W CEPC 240GeV (5.6/ab) only
Ml CEPC 240GeV (5.6/ab) + HL-LHC

TSl Shade T i one operator ata Ume)
lsolid shade: giobai fit

10?

Oy Oww Oss Ow Ows Osc O, O O, O, O, Osw

n Gu (/5

See the CEPC Higgs
whitepaper (arXiv:1810.09037)
and the CDR.

(covered by Zhen Liu in the
previous talk)

N it for-20 .

Still a lot of work to be done
before that!
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Introduction

What have we missed?

» Leading order EFT contributions only (except for the top loop in hgg
coupling). Possible large loop contributions can come from

» triple Higgs coupling (talk by Zhen Liu, or see arXiv:1711.03978),
» top-related operators (talk by Cen Zhang).

» We don’t have a real TGC analysis!
» The Higgs coupling results are sensitive to the reach on aTGCs.

» A simplified TGC analysis is used at the moment.
» Can we do better?

» Z-pole measurements are assumed to be perfect.
» |s it a reasonable assumption?
» |Is the future Z-pole run important?

JGU Mainz
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Introduction

What have we missed?

» Leading order EFT contributions only (except for the top loop in hgg
coupling). Possible large loop contributions can come from

» triple Higgs coupling (talk by Zhen Liu, or see arXiv:1711.03978),
» top-related operators (talk by Cen Zhang).

» We don't have a real TGC analysis!
» The Higgs coupling results are sensitive to the reach on aTGCs.

» A simplified TGC analysis is used at the moment.
» Can we do better? (Yes!)

» Z-pole measurements are assumed to be perfect.
> |s it a reasonable assumption? (It depends...)
» Is the future Z-pole run important? (Yes!)

JGU Mainz
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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 ! o
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!

d distrbulions, slalistical uncertainties onl

"ﬁa\bsemmes, statistical uncertainties. on{y
d d . al observables. A% R —
> 92 = %lsm+ Y S(Q)ig:. The optimal observables -
i g 00010
are simply the S(Q);.
» Very idealized! How well can we actually do? o

> Assume Agys & Agtat ?

Jiayin Gu (FEi#)
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Refined TGC analysis

Impact on the Higgs fit

precision reach of the 12—parameter EFT fit (Higgs basis)

[l LHC 300/3000 fb™" Higgs + LEP e*e”»WW
Bl CEPC 240GeV (5.6 ab™"), without/with HL-LHC
15 Il CEPC 240GeV (optimal observables in WW)

5
A
T

precision

1072

107

107 = =
8¢z 6z Cm Ty Tz TN Sy Sy, Oy, Oy Oy

A,
99 Z

u

> 091z, 0Ky —> Czz, Cz00, Cyvy, Czy
» How well can we actually do? Need an experimental analysis!

» Note: other EW parameters can also enter ete™ — WW !

Towards v2.0 of the CEPC EFT fi



EW corrections

EW corrections, how could they enter?

» ete™ - WW

Jiayin Gu (FiE75)
Towards v2.0 of the CEPC EFT fit
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EW corrections

EW corrections, how could they enter?

» WW fusion production

Jiayin Gu (FZ7H) JGU Mainz
Towards v2.0 of the CEPC EFT fit




EW corrections

Choice of basis...

» To make our lives easier, we could (using field redefinitions, e.o.m., ...)
» parameterize all corrections at Z-pole in terms of modifications of Zff

couplings;
» impose the relation 5gh%" = 5gZf, sg"Wf = g,
f Vv f
>/ (’9 >\NV\ v
+ h f

» Can use “couplings” instead of “operators” to parameterize EW
corrections (52 real parameters without flavor assumption)

Smu, 090", 0gt°, gk, ogi', ogr', 69i’. OgR’, dgg?,
Sgr” = ogi° + 69/, 69" = ogiV — Vog”.

» Now we are in the good old Higgs basis. (Surprise!) But it is straight
forward to translate to other basis.

Jiayin Gu (FUE7A) JGU Mainz
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EW corrections

Simplifications

v

Lots of parameters! But only the gauge couplings of € and 7, enter the
production of Higgs and WW processes.

» For WW, separate the production and decay
» Total cross section and differential distributions = aTGCs,
» Branching ratios = Wff couplings.

v

We will also cheat a little bit (for now)...
» Take the combined et e~ — hZ measurements and do not look into Z decay
channels...

> Only look at inclusive h — WW* and h — ZZ* measurements and do not
separate different different 4f channels... (Corrections proportional to 61",
and 61"z, see e.g. arXiv:1708.09079, Peskin et al.)

|

Jiayin Gu (FUE7A) JGU Mainz

Can focus on the lepton couplings and émy, 6T'w, 0T z.
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EW corrections

Results on Higgs couplings

precision reach at CEPC with different Z—pole scenario (Higgs basis)

= ith perfect Z-pole measurements CEPC: 240 GeV (5.6 ab™") and Z-pole (8 ab™")
with CEPC Z-pole run (combined with LEP/SLD) | oo oo S el
Il without CEPC Z-pole run (LEP/SLD only) solid shade: flavor universal for leptons

107"

precision
B
S
T

& O Oy Oy, Az

ocz Czz Czo Cyy Tz agg

» Three Z-pole scenarios: perfect / CEPC / LEP&SLD.

» Flavor: universal vs. non-universal

Gu (|
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EW corrections

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

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

e 2
>‘<Il » 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.

Jiayin Gu (FEi#)
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EW corrections

Results on Vif couplings

precision reach at CEPC with different Z-pole scenario (Higgs basis)

1072
I with CEPC Z-pole run (combined with LEP/SLD) | CEPC: 240 GeV (5.6 ab™') and Z-pole (8 ab™")
i - light shade: fl I
M without CEPC Z-pole run (LEP/SLD only) s‘o id ghgdg ﬂg‘\;g; GgR/eLrlggll%?alle tons
107
o
°
g 1074
o
Q.

1075

107°°
om 6Tz 6w [69°hr [60R1n 16911 [697°ke (60K [169(" 2 [60F°ss (69K e (691 1as

> SM_1+6m FSM_1+5FZ, FFSTV{&=1+5FW,
g7 o o TP — s2,Qr+ zSgZ’, 94 o —s2,Qr + 694, g o 1+ 5gt.

» TI'y is constrained (indirectly) to be < 0.7 MeV, already better than the
direct bound (2.8 MeV).

» flavor universality = [ Ji1 =] Jo2 = ]33

Jiayin Gu (FEi#)
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EW corrections

Results in terms of D6 operators

Oh = L0,IP]? Oce = GIIHPGL, 6777
Oww = g2 |H>We,, we-rv Oy, = YulHPQ.Hug + h.c. (- to)
Ogg = g,2|H|2BuUB‘“’ O}’d = yd|H|2QLHdR + h.c. (d — b)

Onw = I.g(D”‘H)TO'a(DVH)VVZV Oy, = ye|H|2I:LHeR + h.c. (e — 7, p)
Ong = ig' (DHH)T (DY H)B,.., Oaw = 31geancWa" WE  Werr

Ows = gg'H! 0®HWA,, B ol = iH' D HEr"¢;
Or = L(H'D.H)? 0!, = it oD, HEg2 it
Oue = (B41) (By,,6) 0l = iHiD,Hery e,

» “Modified SILH’ basis” (Ow, O — Ouww, Ows)
» O} and O are eliminated via e.o.m. in this basis.

» For the moment we don’t explicitly consider the Vqq operators, but only
include their inclusive effects in 6Ty, 61 7.

JGU Mainz

Jiayin Gu (Fi37H)
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EW corrections

Results in terms of D6 operators

95% CL reach, EFT fit

10%—

0.1

W with CEPC Z—pole run (combined with LEP/SLD)
Ml without CEPC Z-pole run (LEP/SLD only)

light shade: individual fit (one operator at atime)

isolid shade: global fit

[CEPC: 240 GeV (5.6 ab™") and Z—pole (8 ab ™)

L L L
Oy Oww Ogs Ouw Owg Oce Oy, Oy, Oy, O,, Oy, Osw Ows Or O}?' 0% OF 0% 0F OlL 0% O

» The first 12 parameters can not be probed by Z-pole measurements at
leading order (no effect on individual fit), but the Z-pole measurements
can constrain the other operator that also contribute to Higgs/WW
processes.

» Some operators can be well-constrained by WW measurements (e.g.
022 and O3?).

Jiayin Gu (FEi#)
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Conclusion

To-do list (for us)

» Look into the sub channels of ete™ — hZ, Z — ffand
h— WW*/ZZ" — Af.

» Circular vs. Linear
> |s it worth doing a Giga-Z run?
» Can the beam polarizations help?

» Comparison and combination with HL-LHC.
(The new HL-LHC numbers will come out soon!)

» The hVqq contract interactions could have a huge impact on Vh production
(and a sizable impact on VBF as well)!

» The Vqq couplings are not very well constrained for the 1st generation.

Jiayin Gu (FUE7A) JGU Mainz
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Conclusion

Wishlist (for CEPC EW and Higgs working groups)

» Z-pole
» A full list of projected precisions of the observables ...

0, b
Tz, Onaa, Re/p,/r/c/b7 AF]S/“/T/C/ P Ae/7‘7~--

> ... without the assumption of lepton universality.

» ete™ - WW
» Cross section and branching ratio measurements.

» A realistic TGC analysis using the optimal observable!
(LEP has done it, but need to include also corrections to Vff couplings.)

» For the Higgs measurements, report separately the precisions of the
sub-channels in ete™ — hZ, 7Z — ffand h — WW*/ZZ* — 4f.
> Most information already available in the CDR, but not scaled to 240 GeV?

Jiayin Gu (FUE7A) JGU Mainz
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backup slides
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Conclusion

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.)

Jiayin Gu (FUE7A) JGU Mainz
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Results in the “Peskin” basis

precision reach at CEPC with different Z-pole scenario (effective kappa)

1
=with perfect Z-pole measurements CEPC: 240 GeV (5.6 ab™") and Z-pole (8 ab™)
with CEPC Z-pole run (combined with LEP/SLD) light shade: flavor non—universal
Il without CEPC Z-pole run (LEP/SLD only) solid shade: flavor universal for leptons

107"

precision
>
S
T

Ohzz  9hww  Ohyy  Ohzy  Ohgg  Gnee  Ohob  Ghee  Gnw 091z OKy Az

» Used in arXiv:1708.08912 and arXiv:1708.09079 by Peskin et al.

» “Higgs couplings” defined at the scale of decay (e.g. ghzz < vI'h—zz).

Towards v2.0 of the CEPC EFT fi
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Results in the “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 | W 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

Ohzz  gww  Ghyy  Ghzy  Ghgg  Ghee  Gnbb  Gher Gy 691z Oky Az

» I'n.ww has a sizable contribution to the Higgs total width, which has an
impact on the extraction of other couplings (in particular gpnps).

» Also note the impacts on aTGCs.
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The “12-parameter” framework in the Higgs basis

» The relevant terms in the EFT Lagrangian are

LD Lyyy + Lt + Lege (1)

» the Higgs couplings with a pair of gauge bosons

(@ +92)v
Tz,

h g2v2WJr
EhVV:; (1+5CW)T W, + (1+3dcz)

+cww%wj Ws, + cnn 02 (W5 9, W, + hc.)
%o g2 e eVg® +g2

+ ng pv P uy + Cyy ZAMVAMV + Czy B [_LVA[JJ/

g’ +g’2 2 /
1 ZywZyw + €20 9°Zp0vZpy + €40 99' 210 A |- (2)

Jiayin Gu (FUE7A) JGU Mainz
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The “12-parameter” framework in the Higgs basis

» Not all the couplings are independent, for instance one could write the
following couplings as

dcy = 6¢cz + 4om,
2 4
cww = Czz + 2:a“9wcz7 + S, G 5

1 2 /2 22 2 12\ o2
o0 = m g [g Cz0+9'"Czz — €°85,,04~ — (97 — ¢ )SGWCZ'\/] ;

1
Cyo = W [292CZE| + (92 + glz)CZZ - 92077 - (92 - 912)02«/] , ()

» we only consider the diagonal elements in the Yukawa matrices relevant
for the measurements considered,

Ly = —g Z mf(l + (5yf)?RfL +h.c.. (4)

f=t,c,b, 7,

JGU Mainz

Jiayin Gu (FZ7H)
Towards v2.0 of the CEPC EFT fit




Conclusion

igsewA”(W"”WIl, — wtv W;,,)
+ig(1 + 667)Co, 2 (W W, — WH'W,,)
+ ig [(1 + JHZ)CQWZ“" +(1+ é/c.y)SGWA‘“’] W;Wj‘

»Ctgc =

ig v v
o (A28, 2+ o AW P W, (®)

' =0V, — 8, V, for V=WH*, Z A, Imposing Gauge invariance one
obtains dxz = 691,z — 5,06, and Az = A,.

>

» 3 aTGCs parameters dg.,z, Ik and Az, 2 of them related to Higgs
observables by

1
g1,z = W [_92 (92 + 912)CZI:I - gl2 (g2 + glz)CZZ + e2gl2077 + 9/2(92 - QIQ)CZw] )
? &2 2 _ g2
Sky = — o (C’Y’Y 21972 + Czy @2 rg? Czz ) - )

JGU Mainz
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