Snowmass status on Higgs + EW SMEFT Fits

== e

Jiayin Gu (FiZ=#8)
Fudan University

Joint Workshop of the CEPC Physics, Software and New Detector Concept
May 23, 2022

On behalf of the EFO4 SMEFT global fit team:
Jorge de Blas, Yong Du, Christophe Grojean,

Jiayin Gu, Victor Miralles, Michael Peskin,
Junping Tian, Marcel Vos, Eleni Vryonidou

Jiayin Gu (B 7H) Fudan University

Snowmass status on Higgs + EW SMEFT Fits



The energy frontier

» Build large colliders — go to high energy — discover new particles!

» Higgs and nothing else?

» What'’s next?
> Build an even larger collider (~ 100 TeV)?
> No guaranteed discovery!
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The energy frontier

» Build large colliders — go to high energy — discover new particles!

do precision measurements — discover new physics indirectly!

» Higgs and nothing else?

» What’s next?
> Build an even larger collider (~ 100 TeV)?
> No guaranteed discovery!
» Higgs factory! (A lepton collider at /s ~ 240-250 GeV or above.)
» SMEFT (model independent approach)

Jiayin Gu (B 7H) Fudan University
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Why lepton colliders?

» Higgs (and z, w, top) factory!
» Large statistics, clean environment
= precise measurements!

» EFT is good for lepton colliders.

> A systematic parameterization of Higgs (and
other) couplings.

» Lepton colliders are also good for EFT!

> High precision = E< A
Ideal for EFT studies!

> LHC is built for discovery, but ....

Jiayin Gu (B 7H) Fudan University
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Why lepton colliders?

Higgs (and z, w, top) factory!
» Large statistics, clean environment

= precise measurements!
P (No, we have to discard them
fora'consistent EFT Interpretation!

v

EFT is good for lepton colliders.

> A systematic parameterization of Higgs (and
other) couplings. 1
You can't solve the;
problems by ignoring them!

v

Lepton colliders are also good for EFT!
> High precision = E< A
Ideal for EFT studies!

> LHC is built for discovery, but .... y
Biit you are ignoring the dim'8
effects which are at the same orderl

y

| That cou be finel
J1t depends on the UV model!

Jiayin Gu (B 7H) Fudan University

v

Energy vs. Precision

» Poor measurements at the high energy tails lead
to problems in the interpretation of EFT...

Snowmass status on Higgs + EW SMEFT Fits



Structure of the fits

» A global global fit with all measurements to all operator coefficients?
» Not there yet!

» Four parts:
> EW + Higgs (this talk)
» 4-fermion processes (Off Z-pole et e~ — ff)
> CP-violating effects
> Top (see Victor Miralles’s talk tomorrow)

» EW + Higgs

> Based on [1905.03764] ECFA Higgs study, [1907.04311] de Blas, Durieux,
Grojean, Gu, Paul.

» What's new?

Jiayin Gu (B 7H) Fudan University

Snowmass status on Higgs + EW SMEFT Fits



What’s new?

» Diboson (et e~ — WW, pp — WW/W2)

> [1905.03764] (ECFA study):
> LEP ete™ — WW +some future et e~ — WW (depending on official inputs)

> [1907.04311]:
» HL-LHC pp — WW/WZ ([1810.05149] Grojean, Montull, Riembau)
> ete™ — WW, semi-leptonic channel, 50% selection efficiency, optimal

observable analysis

> Now:
» Same as [1907.04311], but
> with all decay channels for ete™ — WW, removed the 50% efficiency factor, and

> applied realistic cuts on lepton/jets acceptance as well as simple detector
smearing. (checked to have small impact, to be fully implemented soon)

» Z factories
» Consistent estimations of systematic (theory) error for all colliders.

» Previous large differences in R;, A, between ILC and FCC-ee are now
resolved.

» Updated run scenarios / inputs.

Jiayin Gu (B 7H) Fudan University
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Scenarios

» CEPC

» Z-pole [100ab— '], WW threshold [6ab—'],
240GeV [20ab— '], 360GeV [1ab~ ')

v

FCC-ee

> Z-pole [150ab— 1],  WW threshold [10ab— 1],
240GeV [5ab—!], 365GeV [1.5ab ']

v

ILC P(e—, et) = (0.8, +£0.3) ((F0.8, £0.2) for 1TeV)

» 250GeV [2ab~ '], 350GeV [0.2ab~ '], 500GeV [4ab~ 1],
1TeV [sab— '], (optional) Giga-Z

v

CLIC pe,et) = (0.8, +£0.2)
» 380GeV [1ab~ '], 1.5TeV [2.5ab— 1], 3TeV [s5ab '],

» Muon collider

> 3TeV [1ab—'] or 10TeV [10ab~!]
or 10TeV [10ab— '] +125GeV 20t 1] ,

Jiayin Gu (B 7H) Fudan University
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Global fit

>

Global fit

> Usually ~ 20-30 parameters (instead of 2499) if we focus on Higgs and
electroweak measurements. (29 or 30 in our case)

> Results depend on operator bases, conventions, ...

v

Present the results in terms of effective couplings
([arXiv:1708.08912], [arXiv:1708.09079], Peskin et al.)

> g(hZZ), g(hWW) couplings have multiple contributions: hz*Z,,, hz#*Z,,,, ...

defined as: g(hZZ) < \/I'(h — Z2Z), g(hWW) x /T'(h — WW).

Present the results with some fancy bar plots!

v

v

Also provide full likelihood / x? / invariance covariance matrix?
> All bases are equal...

Jiayin Gu (B 7H) Fudan University
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e"e~ — WW with Optimal Observables

» TGCs (and additional EFT parameters) are sensitive
to the differential distributions!

> One could do a fit to the binned distributions of all
angles.

> Not the most efficient way of extracting information.

» Correlations among angles are sometimes ignored.

» What are optimal observables?
(See e.g. Z.Phys. C62 (1994) 397-412 Diehl & Nachtmann)
> In the limit of large statistics (everything is Gaussian)
and small parameters (linear contribution dominates),
the best possible reaches can be derived analytically!

do 1 © o S81,iS1

— = i9i, = Q——= L,

- ZSL g i / =g £
» The optimal observables are given by O; = %ﬂ’ and

are functions of the 5 angles.

Jiayin Gu (Fi3E74)
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Updates on the WW analysis with Optimal Observables

» How well can we do it in practice?

> detector acceptance, measurement
uncertainties, ...

» What we have checked

» detector acceptance
(Jcos 6] < 0.9 for jets, < 0.95 for leptons)

> some smearing
(production polar angle only, A = 0.1)

» ILC: marginalizing over total rate (6/N) and
effective beam polarization (6§ Peg)

» Constructing full EFT likelihood and feed
it to the global fit. (For illustration, only
showing the 3-aTGC fit results here.)

» Further verifications (by experimentalists)
are needed.

» (A machine-learning analysis eventually?)

precision

precision

4x107F

3x107

2x107

1x107

precision reach of aTGCs from Optimal Observables
ILC 250 GeV | :

M detector acceptance

[ detector acceptance + smearing of &

Ml detector acceptance + marginalizing ON & 6Pe

Wl ideal case, all decay channels

69, 7 Ok, Az

precision reach of aTGCs from Optimal Observables

Wl ideal case, all decay channels ILC 500 GeV| -
detector acceptance 1
detector acceptance + smearing of
detector + ing N & 6Py
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Results

precision reach on effective couplings from SMEFT global fit

M HL-LHC S2 + LEP/SLD CEPC Z,00/WW/240GeVzo | M ILC 250G CLIC 380GeV,
(combined i al lepton colider scenarios) | [l CEPC +360GeVy I c +350<;ev02+500Gev,
Free H Width miC ~wGiga-Z +3TeV.
no H exoi I FCC +365 s denole luminosity In ab-',_Z & WWW denote Z-px hold

Higgs couplings

Higgs couplings
sBuidnoo s661H

Vff couplings
sBuidnoo yA

e ce ev
6977 ZR oy

imposed U(2) in 182 gen quarks

Vff couplings
sBuiidnoo ya

971 095 oA
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What’s next? (practically speaking)

» Snowmass Timeline
> preliminary report by end of May,
> (almost) final results by Snowmass summer meeting,
> final report around October.

» Missing inputs to be completed

» CEPC Z-pole (to be updated from the whitepaper),
> Rsand As/Afp
> HL-LHC pp — WW/WZ global SMEFT analysis.

» More improvements
> Lift the U(2) constraints on 1&2 gen. quarks? (pp — (1 ¢7)
[2103.12074] Breso-Pla, Falkowski, Gonzalez-Alonso
> |Implement theory errors?

> (One-loop) triple Higgs coupling (Top loops as well?)

» Higgs+EW+Top, more loop contributions, dim-8 operators, future hadron
colliders ...
» The next snowmass, maybe...

Jiayin Gu (B 7H) Fudan University
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backup slides
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» Some important inputs are scaled from other colliders.

» Important correlations are still missing?

Gu (FETH)

HL-LHC 3ab— I ATLAS + CMS
Prod. ggH VBF | WH ZH ttH FCCee240 5ab— | CEPC240 20ab— !
o - - - - - Prod. ZH vvH ZH vvH
o X BRpp 19.1 - 8.3 46 10.2 o 0.5(0.537) - 0.26 -
o x BRge - - - - - o X BRyyp 0.3(0.380) | 3.1(2.78) | 0.14 1.59
o x BRgg - - - - - o x BRec 2.2(2.08) - 2.02 -
o X BRzz 25 9.5 32.1 583 | 152 o X BRgg 1.9(1.75) - 0.81 -
o x BRyy 25 55 9.9 1238 6.6 o x BRzz 4.4(4.49) - 417 .
o X BRrr 45 3.9 - - 10.2 o x BRyyw 1.2(1.16) - 0.53 -
o X BR~ 25 7.9 9.9 13.2 5.9 o X BRrr 0.9(0.822) - 0.42 -
o X BRyz 24.4 51.2 - . . o X BRy~ 9(8.47) - 3.02 -
o X BRuy 1.1 30.7 - . . o X BR,z ar*) - 85 -
o X BRjy,. - 25 - - - o X BRup 19(17.9) - 6.36 -
Amy 10-20 MeV - - - - o X BRjyy, 0.3(0.226) - 0.07 -
ILC250 09ab— 1 (-0.8+0.3) [ 0.9ab— ! (+0.8-0.3) CLIC380 0.5ab— ! (-0.8,0) 0.5ab— 1 (+0.8,0)
Prod. ZH vivH ZH vvH Prod. ZH vuH ZH vuH
o 1.07 - 1.07 - o 1.5(1.43) - 1.8(1.43) -
o X BRpp 0.714 4.27 0.714 17.4 o X BR, 0.81(1.2) 1.4(1.47) 0.92(1.2) 4.1(4.4)
bb
o X BRec 4.38 - 4.38 - o x BRge 13(8.7) 19(15.3) 15(8.7) 24(46)
o X BRgg 3.69 - 3.69 - o X BR, 5.7(6.6) 3.3(6.2) 6.5(6.6) 20(18.8)
99
o X BRzz 9.49 - 9.49 - o X BRzz (19.7) (16.1) (19.7) (46)
o X BRyyy 2.43 - 243 - o X BRyyy 5.1(4.4) (4.6) (4.4) (14)
o X BRrr 1.7 - 1.7 - o X BRrr 5.9(3.2) (12.9) 6.6(3.2) (39)
o X BR~~ 17.9 - 17.9 - o X BR~~ (31) (36) (31) (108)
o X BR, 7z 63 - 59 - o X BRu. (69) (129) (69) (129)
o X BRup 37.9 - 37.9 - o X BRpy, 0.57(0.68) - 0.64(0.64) -
o X BRjp, 0.336 - 0.277 -

Fudan University
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Higgs inputs 2

=T - =T
15ab 7 FOC-eed65 1.08b” ~ CEPC360 1LC500 16ab— ! (0.84+03) | 1.6ab_ L (+0.8-0.3)
Prod. ZH vvH ZH vvH Prod 5 H 7] —oH
o 0.9(0.84) - 1.4(1.02) - g - Lo vy el v
o X BRpp 0.5(0.71) 0.9(1.14) | 0.90(0.86) | 1.1(1.39) : :
o X BRec 6.5(5.0) 10(11.9) 8.8(6.1) 16(14.5) o X g’;bb 17-01‘ g-jg 17-011 1 fg
o x BRgg 3.5(3.8) 4.5(4.8) 3.4(4.7) 4.5(5.9) a X ance e s Lo or
o x BR, 12(11.4) 10(12.5) 20(13.9) 21(15.3) o % Bhgg - - : :
zZ o X BR 13.8 4.8 13.8 19
o X BRyy | 26(2.55) (3.6) 2.8(3.12) 4.4(4.4) iz o e o -
o X BRrr 1.8(1.83) 8(10) 21(224) | 4.2(12.2) o x w5 5o P e
o X BR. 18(17.7) 22(28.1) 11(21.7) 16(34.4) o X BhrrT : - . :
Y o X BR 18.6 10.7 18.6 44
o x BR, 40(40) (100) 41(48) 57(123) Y
BrH 0.60(0.42) N (0.49) | o X BRuy 47 40 47 166
7 X Sliny. 000 : o x BRy, | 083 - 0.60 -
—T =T
ILC350 0.135ab— 1 (-0.8,+0.3) | 0.045ab— ! (+0.8,0.3) 1LC1000 32a0- T (08+02) | 32ab— T (:08.02)
Prod. 2255 vuH 4z;; vUoH rod. —oH 5
7 g ) § ) o X BRpp 0.32 1.0
o X BRyp 2.05 2.46 35 17.7 o % BR Py 6
o X BRee 15 25.9 25.9 186 o X BAgg 3 P
o X BRgg 1.4 10.5 19.8 75 o X DAy 03 poA
o x BRzz 34 27.2 59 191 o % BRLZ, 001 a8
o X BRyw | 7.6 7.8 132 57 S BR 17 o1
o X BRr+ 5.5 21.8 9.4 156 o % BH;; 48 17
o X BRy~ 53 61 92 424 o % BAL 17 o1
o X BRupu 118 218 205 1580
o X BRpy, 1.15 - 1.83 -

Jiayin Gu (FEH)
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Higgs inputs 3

CLIC1500 2ab—1(-080) | 05ab I (+0.8,0)
Prod. vvH vvH
o X BRpyy 0.25 15
o X BRec 3.9 24
o x BRgg 33 20
o X BRzz 36 22
o X BRyyy 0.67 4.0
o X BRrr 28 17
o X BRy~ 10 60
o X BR,z 28 170
o X BRupu 24 150

CLIC3000 4ab— 1 (-0.8,0) 1ab— I (+0.8,0)
Prod. vvH vvH
o X BRpyy 017 1.0
o X BRec 3.7 22
o X BRgg 23 14
o X BRzz 2.1 13
o X BRyy 0.33 2.0
o X BRrr 23 14
o X BRy~ 5.0 30
o X BR,z 16 95
o X BRupu 13 80

Jiayin Gu (PR 5)
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EW inputs

EWPO Uncertainties ILC250 ILC-GigaZ FCC-ee CEPC CLIC380
Aage 0.0178% 3.8(1.2) x 10-° | 0.0178*

Amy(IMeV) 2.4(0.5) 0.25(0.3) 1

Amz(/MeV) 2.1* 0.004(0.1) 0.1 2.1*
Amp(IMeV) 14 25(2) 5.9 78
AT py(IMeV) 2 1.2(0.3) 28

AT 7(/MeV) 2.3* (1) 0.025(0.004) 0.025 2.3*
AAe(x10%) 14(4.5) 1.5(8) 0.7(2) 1.5 64
AA,(x10%) 82(4.5) 3(8) 2.3(2.2) 45 400
AA-(x10%) 86(4.5) 3(8) 0.5(20) 7 570
AAp(x10%) 53(35) 9(51) 2.4(21) 22 380
AA(x10%) 140(25) 20(50) 20(15) 200 200
Ao hag(/pb) 4 5 37*
5Re(x10%) 1.1 0.54 0.3 0.6 2.7
S8R, (x10%) 1.1 0.28 0.05 0.1 27
SRy (x10%) 1.1 0.45 0.1 0.2 6
SRp(x10%) 1.1 0.7 <03 0.2 1.8
5Rc(x10%) 5.0 3.0 1.5 1.1 5.6

» EWPO at future et e : statistical error (experimental systematic error).
A (6) stands for absolute (relative) uncertainty.

» Some CEPC inputs are still based on 1 month of data... (to be updated
from the CEPC whitepaper)

Fudan University
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Fit Results  (arxiv:1907.04311] de Bas, Durieux, Grojean, JG, Paul

» Global fit of dim-6
operators at tree-level
with Higgs and
electroweak
measurements.

» Correlations are also
important!

CEPC: FCC-ee: ILC (£80%, 730%): CLIC (£80%, 0%):
@ 210Gev  @mm 240 GeV o 380 GeV.
- 2404 365 GeV. 250 8 350G+ 3808 150

- 2504 350GeV 50 & 350GeV - 3504 1500 GeV
- 250350 8,500 GeV @ 250 & 350 & 500 GeV 300 & 1500 & 3000 GeV
Correlation <50% ~ emmmmm— Correlation > 50% O PerfectEW

Jiayin Gu (B 7H) Fudan University
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“Full fit” projected on the Higgs couplings (and aTGCs)

[arXiv:1907.04311] de Blas, Durieux, Grojean, JG, Paul, see also Higgs@FutureColliders WG report

precision reach on effective couplings from full EFT global fit

HL-LHC S2 + LEP/SLD YAl ht shade: CEPCIFCC-ee without Z-pole -
CEPC Z/WW/240GeV oV oV A CEPC/FCC-ee wnhul WW threshold 10
FCC-ee Z/WW/240GeV W L C
FCC-ee Z/WW/240GeV/365GeV

% 107 —l10-2
£
£ o
g, @
S 10 (o]
23 @
R
I
10
10 wWw vy 7y 99 tt 3 bb
69 H ogy 69y 694 H H
10 - %0
Ratios, real EW / perfect EW
2 2
1.5 —41.5
1 s - - 1
soif  egl" sl ey 6o Gal 09N ey O9F  &gf  Goz Oy Az

» 28-parameter fit, projected on the Higgs couplings & aTGCs.
» Lepton colliders are combined with HL-LHC & LEP/SLD.
» The hZZ and hWW couplings are not independent!

Fudan Univers
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Z-pole run is also important for Higgs couplings!

%8» Ratios, real EW / perfect EW

25y 2 ple

B &
6giz ya%fﬁﬁ WVQ L 6gH
CU()C returh (efe -7}&)

FOC-CC 240 1 34 . 2
FCCoce 240 >/J

Jiayin Gu (B 7H) Fudan University
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Reach on the (h)Vff couplings

+ " 4
precision reach on EW couplings from full EFT global fit
'EmALLHG s2 + LEPISLD Il ILC 250GeV Il CLIC 380GeV] Tight shade: GEPCFCC-ee wilhout Z-pale 1
[l CEPC Z/WW/240GeV M ILC 250GeV/350GeV Il CLIC 380GeV/1.5TeV = ﬁ%;gﬁ:g:sj;"m‘;“émgem‘d
10-1L—| [ FCC-ee ZWW/240GeV I 1LC 250GeV/350GeV/500GeV | Il CLIC 380GeV/1.5TeV/3TeV [\7on comiers re combie win f-irc & Lemisio |10~
Il FCC-ee Z/WW/240GeV/365GeV|  P(e”.e")=(¥0.8,:0.3) P(e”,6")=(30.8, 0) imposed U(2) in 182 gen quarks
10-2 L
107
104 L
10—
107

6o, SoFk o9y sufi oYk Ool  S9r.  G9e oW 69 6ok ogfl  oafk  6dY ok

» (h)Zff couplings are still best probed by future Z-pole runs.

» Higgs and diboson measurements at high energy (at linear colliders) are
also sensitive to the (h)Zee couplings, but can not resolve them from
other parameters.

» Linear colliders: Using radiative return (e"e~ — Zv) to measure Z
observables at high energy?

Gu (FEA)
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D6 operators

On = 5 (9u|H*))?
Oww = g*[HI> Wi, Werrv
Ogg = g*|H|* B, B

Onw = ig(D*H)To?(D" H) WS,

Ong = ig' (D*H)T (D" H) By

Oga = Gz|H* G}, G

O}’u = yU|H‘227LHUH + h.c. (u—t o)
Oy, = yglH*GHdg + h.c.  (d—b)
Oye :y9|H‘2lLHeF; + h.c. (e — 7, p)

Ozw = %gfabcwiu ng werr

Ow = 9(H'o*DH)D" WA,

Op = 9 (H'D,,H)9"B,.,

Ows = gg’l-ﬁaaHwaB“”
Or = §(H Dk
Ope = (L™ (LLyull)

Oy = iH D HE 14,
0L, = iH 02D, HE o0,
O = iH' EZHéR”Y“eH

Opg = iH' H;:l"’ZIL’Y“CIL
O}y = iH! Uaﬁ:’ﬁwa?’” e/}

OHU = IM E:HDH’Y“ up
OHd = IM ;,,Ha,q’y“d;q

» SILH’ basis (eliminate Oww, Ows, Ore and Of,)
» Modified-SILH’ basis (eliminate Oy, Og, Oxe and O},)
» Warsaw basis (eliminate Oy, O, Opw and Opg)

Jiayin Gu (Fi3E74)

Fudan University

Snowmass status on Higgs + EW SMEFT Fits



Reach on the scale of new physics

95% CL reach from the full EFT fit

LEP/SLD included|
for all scenarios

102

Tight shade: Individual it (one operator at a tme)|
solid shade: qlobal fi

0.1

Oy Oww Oss Ouw Ows Occ Oy Oy, Oy Oy Oy, Osw Ows Or One Ong Ohg Oy Ona O

» Reach on the scale of new physics A.

» Note: reach depends on the couplings c¢;!

in Gu (7 ) Fudan University
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ete~ — WW parameterization

» “Higgs effective coupling basis”
(+ deviations in W BR. 6m,, is constrained very well by W mass measurements.)

591,27 6‘%77 A27 (;g;?Lv 5g§,th 695{;7 5’"W

» |LC parameterization (projective map to any EFT basis)

e, g, 9r, 9z, 9w, ka, Kz, Aa, Az, BR

» 2 nuisance variables §N, § P for ILC

» ete~ — WWis also used to determine the effective luminosity and
polarization.

Jiayin Gu (B 7H) Fudan University
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Top EFT [arXiv:1807.02121] Durieux, Perell, Vos, Zhang

» Also need to include top dipole

2 . .
O — %; G7'q oD, Oue =yigs GTA0"™u €0*GA,, interactions and eeft contact
03, =% griy'q ¢liDle, Ouw =wgw aric™u ep'Wh, interactions!
Oy = % yHu Lp“:‘ﬁutp, Oaw = yrgw Griot’d "W},
Opua =% yhd oTeiDyp, Ous =wgy do*u ep*B,,, > Hardto resolve the top couplings
Ve i = from 4f interactions with just the
ol = 3 ang M, 365 GeV run.
—sls—t Tk
Oj, = i Ik, » Can'treally separate
Ow =3 tyuu W, ete™ — Z/y — ttfrom
Og =35 quuq  &r'e, ete -7 - tt.
Ocu =1 yu &yle, > |s that a big deal?
011 c :
062 C4 i
20,
0.29 Clf !
o5 |
037 Cly ;
89 0%y
038 CR. ! ically optimal obscrvables
050 . CC-like run scenario
/30 ’;A 1 200 fb~! at /5 = 350 GeV
34C - 1.5ab~! at /s = 365 GeV
062 G4 P(et,e7) = (0%,0%)
% 1
104 1028 1072 107! 10° 10"

Fudan University

Snowmass status on Higgs + EW SMEFT Fi



Top operators in Ioops [arXiv:1809.03520] G. Durieux, JG, E. Vryonidou, C. Zhang

precision of top operator coefficients (global fit, Ax?=1)

Wi LrC Giroular coder Wil unpolarzed boams
ircular collder with unpolarized beams CCQi0GeY | oo s soaey 02 - oo 15
A (5 + 35060V (0.21a) + 365GV (151 eV + HL-Li ol shae: o 3010 0
240G (a0 + 350GV (02120 985 (1500 B CC 240/350/365 GoV/ Taht snade: 6, s free
M CC 240/350/365 GeV + HL-LHC

Om 0a G O Ox 0 Ow Os Op Oc

precision of the Higgs parameters at CC (global fit, AX2:1)

precision reach on the top Yukawa coupling

3&'%"&"9"‘2““&"’5‘2#8“%"3’5"?“"}555 v (1.5
e etz e o oo SrUar COTGE W npolarzed bear
|GG oaramtstey o HL S5l hads: B 0p parameters s 1o ze CC 240 240GeV(5/ab) +3506e seV(1
10
= 65
5 1
2 % ME e
8 4 CC260  2a0ies
a S a1 HLLHC  HLILHC
2 10 4
k]
g
107
107 = = = 2 -3
6z Czz Ty Tzy Tw N O O O O Az 6K/10 10

» Higgs precision measurements have sensitivity to the top operators in
the loops.
> But it is challenging to discriminate many parameters in a global fit!

» HL-LHC helps, but a 360 or 365 GeV run is better.
Indirect bounds on the top Yukawa coupling.

Jiayin Gu (B 7H) Fudan University
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Top operators in Ioops [arXiv:1809.03520] G. Durieux, JG, E. Vryonidou, C. Zhang

precision of the Higgs parameters at CC (global fit, Ax?=1)

CC 240GeV circular collider with unpolarized beai El

Il CC 240GeV + HL-LHC 540Ga\ (5lab) + 35068V (0-2/ab) + 365GeV (1.5/ab]]
CC 240/350/365GeV light shade: marginalized over top parameters i
CC 240/350/365GeV + HL-LHC solid shade: all top parameters set to zero

precision

1074 — — — L 1

6z €z Czm Ty Tz Tgg OV OY, Oy, Oy, OV, Az 6ky/10?

_ N e |

> O = (Qo""t) B, + h.c. is not very well o2 e

constrained at the LHC, and it generates :
dipole interactions that contributes to the hy~y
vertex.

-0.2| N

» Deviations in hy~ coupling = run at N

. -04 -0.2 0.0 02 04
~ 365 GeV to confirm? Co

in Gu (7 ) Fudan University
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Triple Higgs coupling at one-loop order

[arXiv:1711.03978] Di Vita, Durieux, Grojean, JG, Liu, Panico, Riembau,

4 g

22|, asatunctionof V5
3 6K Tsm

0.020
0.015f \g'e =hz

0.010

0.005 R

-0.005

250 300 350 400 450 500
VsiGev]

linear dependences of observables to parameters 6k, ¢z, ¢zz, Czo
8

R
(x500)

40Gev 350 Gev, 40 Gev 350Gev N
a hz a0 Guon T2z Tow

— Anmn
SRRt

5/%)\51%)\—1:06—301-1,
with £ > —cﬁvzi(HTH)?

One loop corrections to all
Higgs couplings (production
and decay).

240 GeV: hZ near threshold
(more sensitive to k)

at 350-365 GeV:

> WW fusion
> hZ at a different energy

h— WW-/ZZ* also have
some discriminating power (but
turned out to be not enough).

Fudan University
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Triple Higgs coupling from EFT global fits

precision on 6k, from EFT global fit
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Jiayin Gu (Fi3E74)

» Runs at two different energies
(240 GeV and 350/365 GeV)
are needed to obtain good
constraints on the triple Higgs
coupling in a global fit!

Fudan University
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Updates on the triple Higgs coupling determination from EFT global fits

Vil Fiogs courIhg from EFT global ft precision reach on 6k, from EFT global fit

0.48 "

0.46

0.44}

K

‘O 0.42f

0.40r

: < 0.38 FCC-ee
‘j‘ﬁ- ‘eV, 1H+2H

0.1 1 10 100 1000
Z-pole uncertainty scaling

» 240, 365 GeV are better than 250, 350 GeV.

e 2
» Impacts of Z-pole measurements are not negligible. >¢Jﬁ
(eeZ(h) contact interaction enters et e~ — hZ.) N

Jiayin Gu (B 7H) Fudan University
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uble-Higgs measurements (et e~ — Zhh & et e~ — vi7hh) farxiv1711.03978)

0.5 T T T T
P(em,et) = (~0.8,+0.3)
04L etem = Zhh . . .
e —wlh > Destructive interference in
ete™ = vhh (W-fusion only)
=" / ete~ — vvhh! The
© 02 7 E T square term is important.
0.1F ’ b . .
L ) > hhinvariant mass
0.0£ Sl L L L I . JSPras ) . .
400 600 800 1000 1200 1400 e A
O (G d!strl.bu.tlon helps
discriminate the “2nd
solution.”
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Triple Higgs coupling from global fits farxiv:

bounds on 6k, from EFT global fit
-2 -1 0 1 2 3
e 68%,95%CL bounds, lepton collider only
"Il 68%,95%CL bounds, combined with HL-LHC
X% %% 88% CL bounds (combined with HL-LHC)
== 68%,95%CL bounds, 1h only

HL-LHC|% %) 14TeV(3/ab), LHC WG report
CEPC 0201 240GeV(5/ab) only (CEPC)
& #0521 240GeV/(5/ab)+350GeV(200/fb)
FCC-ee|? 9371 240GeV(5/ab)+350GeV(1.5/ab) (FCC-ee)
34| FCC-ee with zero aTGCs
ILC +0801 250GeV(2/ab) only
054 1250GeV/(2/ab)+350GeV/(200/fb)
021 above + 500GeV(4/ab)
A -5 1919/ above + 1TeV(2/ab)
|
CLIC|?% +0281350GeV(500/fb)+1.4TeV(1.5/ab)+3TeV(2/ab)
0 “3B8|, Zhhat 1.4 TeV
o5 024 binned My, in vvhh (4 bins)
-2 -1 0 1 2 3
A
OKkp (== -1)
A (New CLIC projected precision is ~ 10%, see [arXiv:1901.05897] Roloff et al.)

Jiayin Gu (B 7H) Fudan University
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Triple Higgs coupling (Higgs@FutureColliders WG, [arXiv:1905.03764])

Higgs@FC WG September 2019
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