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u JJ | * EFT at ete- Colllders

In an EFT, the leading effec’rs of BSM physms above The EW scale
|

| can be parametrized by a operators -

| leen their model mdependence ’rhe sensmvn‘y of pr'obmg \
these operators can serve as a hice measure of the “
d performance of the currently proposed e-e+ colliders »
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U] o0 OperatorstoAnayze

> <~ _
Oww = Z|HPWa,wew | Op = Y\(HID,H)? | 0 = (iH0*D,H)(Lry#o°Ly)
Owp = gg' H'o " HWE,B* | Oy = J@0uH?? | OF) = (Lryuo®Le)(Ly o Ly)

> _
Opp = ¢'°|H|*B,,, B* O¢ = A\|HTH|? OY = (iH'D,H)(Ly*Lp)
Eabe b = _
Osw =g g, W WP W 0% = (iH'D,H)(lgy*lR)
A
ete~ — Zh | — =0.225=3F +0.0554=F + 0.0164=07 — 0.0500 75 — 0.0606-73
0
unpolarized 240 GeV C(I?)l 0231)} ¢ ¢, Co (
+0.627—5 +0.264-1% +0.891-% — 0.781 7% — 0.00106 75

| These operators contribute by renormalizing the fields,
. shifting the EW parameters, or introducing new vertices
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[See S. Jung’s talk]
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Oww = g°|H|*W 3, W
Owp = g9’ H'oc*HW S, B*

<«
Or = %(HTDMH)z
On = %(au|H|2)2

O _ GH A D HY(L, ~Rga
; =(H'0c"D,H)(Lry*o*L)
OF) = (Lryuo®Le)(Ly o L)

Mg —
Opp = ¢'°|H|?B,,, B* O¢ = A HTH|? OY = (iH'D,H)(L y"Ly)
Eabe b = _
Osw = g%Wﬁ”WupW,‘,‘“ ¢ = (iH'D,H)(lry"IR)
Ao CWW CW B CBB CT CH
ete— — 7Zh 5o =0-225=5= +0.0554—5= 4 0.0164 -5 — 0.0500 75 — 0.0606 575
unpolarized 240 GeV cg)l C(I?I)Jl ¢ s, Co (
+ 0'627F + 0.264F + O.SQIP — 0.781P — O.OOIOGF
l (3)1
Ao B CW B Cr C([?) CLL
PP oo =~ 0028757 + 0.170 5 — 0.0741 -5~ +0.3385

unpolarized 240 GeV

l

CrL
— 0.0282 A2

Ch C3W
— 0.0194—= + 0.000696 —-

A2 A?
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Oww = g°|H|*W, W+ <@ 3(H'D,H)?

Opp = ¢'°|H|?B,,, B*

Eabe
Osw = g5, Wi W, W*

On = %(‘9u|H|2)2
Og = \|HTH|3
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Six operators contribute to representative EWPT observables
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—0.0112%B 4 0.079°L —0.121 "L+

A2 A2

0.158°LL. _ 0.0113°L — 0.0113°R
TTRAZ T A2 A2
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- Important to utilize all of these observables for a
| “sensible sensitivity analysis
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Despite the work in literatures, we would like to mae a
comparative study on the sensitivity performance at CEPC,
FCC-ee and ILC

—— helpful for optimizing the machine design and the
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Operating Scenarios and Projected Precisions
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Observables ILC FCC-ee CEPC
o(Zh) 2.0% [25] 250GeV,2ab ™! 0.5% [35] 240GeV ,5ab ! 0.5% [6] 240GeV,5ab "
4.2% [25] 500GeV 4ab™’ - - - -
o(virh) 3.89% [5] 250GeV 2ab™! 0.97% [19] 350GeV,1.5ab ! 2.86% [19] 240GeV ,5ab~?
1.45% (3] 500GeV,dab ! - - - -
o(Zhh) 15.0% [5)] 500GeV dab ! . - - -
o(WHW~) 0.0200%(40] 250GeV,2ab ! 0.0136% [40] 240GeV,5ab ! 0.0136% [40] 240GeV,5ab !
0.0191% [40) 500GeV dab™! . - . .
N PO "I CEPC: 240 GeV (5/ab) + Z-pole (150/fb) |
FB -
Afp -
A 0.001 [4] "1 FCC-ee: 240 GeV (5/ab) + 350 GeV (1.5/ab) + W (10/ab) + Z-pole (150/ab)
= -4
j:: e [3:] [See E. Elsen’s talk]
R, 2 x 1074 [36] I ILC: 250 GeV (2/ab) + 500 GeV (4/ab)
I'z(MeV) 41 £ 0.21;, [4, 39]
sin? 0P(107%) | £1.3 & 1.5, £2.2,, [4, 39] |  Z pole,100fb ! +0.3 + 1.5, £ 1.6y, [39, 41] Z pole,150ab ™! £2.3 £+ 1.5y, = 2.5, [6,39] | Z pole, 150fb~!
mw (MeV) | £2.5% 1y, £ 2.8, [39, 42] 250GeV, 2ab ™! £1.2 & 1y, £0.91;, [35,39] | WW threshold,10ab " 43 & 1y, % 3.8y, [6, 39] 240GeV,5ab "
As, 0.0083 [33] 250GeV,2ab™" 0.0060 [33] 240GeV,5ab™" 0.0060 [33] 240GeV,5ab™"
A, o6, 0.0092 [33] 250GeV,2ab ! 0.0067 [33] 240GeV,5ab ™! 0.0067 [33] 240GeV,5ab ™’
AP 0.0092 [33] 250GeV,2ab ! 0.0067 [33] 240GeV,5ab ! 0.0067 [33] 240GeV,5ab !
ALY 0.0092 [33] 250GeV,2ab ! 0.0067 (33) 240GeV 5ab ! 0.0067 [33] 240GeV 5ab~!
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Sensitivities to the Six EW Operators at CEPC

0.01

m Marginalized
m Individual

Ows
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A ¢ (TeV)

0.01

m Marginalized
m Individual

AW ¢ (TeV)
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0.01

m Marginalized
m Individual

Turning on the sixth operator
causes a jump-down of the
conservative sensitivity for

probing these operators
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m Marginalized
m Individual

AW c; (TeV)

0.1

0.01 ,
O,

(3)!

Ows Or O.‘_a{_)' O(L3)'

§o = —l.lewB + 2¢p — 4c;

e N,. It depends on &, {+ and c5.
e Ay and Rp. They only depend on &g.

m Marginalized
m Individual

AW c; (TeV)

0.1

0.01
(3) O(3)I

L]

4¢3 £ = (3)l + clL and c%,

LL’

Seems Workmg well:

vs. six KW operators

six classes of EW observables

o A%B and sin Oeff They have the same dependence on &, £+ and c%.

e R, . They have the same dependence on &y, £+ and c5%.
e 'z and my have different dependences on the variables beyond £p 4+ and c5.




T'B Sensitivities to the Six EW Operators at CEPC
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m Marginalized \ m Marginalized
m Individual m Individual
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0.01 0.01

O,

Or

3)l 3)
oy o’

Ows

o = —1.1lewp + 2¢cr — 4cg)l gl),l’ E4 = (3)l

e N,. It depends on &, {+ and c5.

« Ay and Ry. They only depend on . > > Weak observables!

AR, () (3)!

C
—0.00189 Y8 _ 0.00345°L + 0.00691 L— — 0.00691 “LL.
Ry A2 Az A2 A2




Sensitivities at CEPC

UJ

100

10

AW c; (TeV)

0.1

0.01

m Marginalized
m Individual

Oww Ows Oss Or Oy O O O, Or Os Ozw

ete” - WTW~—
unpolarized 240 GeV

Ao (3)1 (3)1
o ——00287A—+O 170p —0.07415L_ L, +0.338 °LL. Ll
l
CR C3w
— 0. 0282 A2 — 0. 01941\2 + 0. OOOGQGF

7 A weak probe to O_3W (much weaker than the sensitivity obtained in, e.g.,
arXiv:1704.02333, where the EW operators were assumed to be constrained
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Sensitivities at CEPC

|

m Marginalized
m Individual
100
3
= 10
Ig
2 1
0.01
Oww Owe Oss Or Oy O o™ O] Or Os Oszw
g =0. 225 + 0. 0554— + 0. 016463%3 — 0. 0500— — 0. 0606—
ete™ = Zh 0 A2 A2 A2 A2 A2
unpolarized 240 GeV c(3)l S ch (
+0.627L 1 0.264°LL 1 0.891L — 07812 — 0.00106-%C

A2 A2 A2 A2 A2
1 O_WW, O_BB, O_H can be probed via single Higgs production

" The sensitivity ‘ro 0_6 is s very low! @
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UJ

100

10

AW c; (TeV)

0.1}

0.01
Oww Owes Osgs

1 With better precision of EW measurements, and data at WW threshold =>

the FCC-ee sensitivities are mildly, but universally better than the CEPC
ones, in both conservative and optimistic scenarios.




*ll JJ ILC vs. CEPC and FCC-ee
CEPC m FCC-ee m ILC250 m ILC500 m ILC
100
>
=~ 10
Ig
2 'E
01|
0.01 ‘ -
Oww Ows Ogs Or Oy O(|3|)l O(|3)| O, Ogr Os Ozw

1 ILC250 (+ LEP): small luminosity at 250 GeV and no data at Z-pole => less capable

1 TILCH00 (ILC 250 + data at 500 GeV): comparable to the CEPC and FCC- ee
sensitivities or even much better (O_6)

M ILC = ILC500 + Giga Z: slightly improves the sensitivities
"I Note: the beam polarization scenario was oversimplified for the ILC!




A=

UJ

|

Oww | Ows | Opg | Or | Opg 05;1) l (95?)1 ol R Os Osw

ILC250 1.30 | 0.697 | 0.384 | 1.29 | 0.401 | 9.62 | 2.92 | 1.83 | 1.29 | 0.0309 | 0.469
+o(WTW™) 1.30 2.17 | 0.386 | 4.08 | 0.468 | 9.63 | 6.78 | 6.11 | 4.08 | 0.0389 | 0.523
+o(Zh) 1.75 2.21 | 0.493 | 4.16 | 0.897 | 9.78 | 6.89 | 6.21 | 4.16 | 0.0895 | 0.531
+o(vvh) 1.77 222 10498 | 4.19 | 1.05 | 9.83 | 6.93 | 6.24 | 4.18 | 0.0918 | 0.534
+o(Zhh) = ILC500 | 2.01 3.29 10498 | 6.34 | 1.97 | 12.3 | 890 | 8.60 | 6.36 | 0.428 | 0.647

Mo (WHTW™): raises the sensitivities for most of the operators to a level
comparable to the CEPC/FCC-ee ones

[¥] U(Zh) and U(VVh): raise the sensitivities to O_H

 o(Zhh): raise the sensitivities to O_6
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W - * Summa and Others
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Higgs coupling (how about quartic Higgs coupling?)

e S — = —

To fully utilize the potential of the e-e+ colliders, it is crucial to further

improve the sensitivities fo the EW operators (can Gamma_W help?).

The ILC250 is less capable in probing the set of operators (in the scenario
with fixed beam polarization). But, this can be adequately compensated by the |

data at 00 GeV

The Zhh at ILC500 GeV plays a crucial role in probing O_6 operator/cubic




lT—J- Probing Quartic Higgs Coupling
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The quartic Higgs coupling contributes to i—Hrocin
. at loop level by renormalizing the cubic Higgs coupling and |
- modifying the vertex form factors |
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W | Prob?uarti igg"

e ILC1 = ILC (500 GeV, 4 ab™! + 1 TeV, 2.5 ab~! [13]);

e ILC2 = ILC (500 GeV, 4 ab~! + 1 TeV, 8 ab~! [37]). Zhh _I_ Vyhh

100
0.6 60
 ® ILCI (scheme 1) Dark: non-linear
| W ILCI (scheme 2) Light: linear
y - ~N 0'4.. W ILC2 (scheme 1) 140
® Ist order EWPT
g 0 |’ J unitarity bound
ILCI
ILC2

-50f 1\
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Scheme 2 }

300

Scheme 1
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p (GeV)
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Backup - Probing Quartic Higgs Coupling
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