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Introduction



Overview

Linear collider experiments will enable us to test the SM precisely

[ | LHC 3000 b (ATLAS: ATL-PHYS-PUB-2014-016 (2014), Model Dependent « fit)
[ | LHC 3000 fb™' @ ILC 250 GeV, 2000 fb' (Model Independent EFT fit)
1 0 B u LHC 3000 fb" @ ILC 250 GeV, 2000 fb" ]

@ ILC 500 GeV, 4000 fb™' ® 350 GeV, 200 fb™! (Model Independent EFT fit)
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K. Fujii, et. al., arXiv:1710.07621
Question : “if we find the deviations from the SM in the future,

can we extract the new physics properties from the deviation patterns?”
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To achieve , we must extend EFT framework so that it includes new particles



Strategy

Add new particles to the HEFT in a consistent manner with (nonlinear) SU(2);, x U(1)y

HEFT : Higgs Effective Field Theory

’U2

1
£HEFT = ZF(/?)TI"[(DMU)TD”U] e iﬁuhaﬂh _ V(/l) 4+ ...

h h\* s
F<]1)21+f1'1—+f{2<—> 4. U=exp<m7_>
v v
V(h)=m?h? 4+ Ish® + - -
« Symmetry : SU3)c x SU(2)r, x U(1)y

+ Matter contents :  h, Z,,, W ... classified under U(1)em

- 125 GeV scalar A is not necessarily included in H
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Strategy

Add new particles to the HEFT in a consistent manner with (nonlinear) SU(2);, x U(1)y

I:> We can make model-independent prediction on new particles

Matter Contents

HEFT : Higgs Effective Field Theory SM
1409.1709 R. Nagai, M. Tanabashi, K. Tsumura SM + neutral scalar
1904.07618 R. Nagai, M. Tanabashi, K. Tsumura, Y.U. SM + charged scalar
o« 2102.08519 R. Nagai, M. Tanabashi, K. Tsumura, Y.U. SM + charged scalar
Today’s talk + Weyl fermion v
Extension of
HEFT
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Extension of the HEFT



Matter contents :

wi, 2z = would-be Goldstone bosons

¢I — (h, H+, H™, ) <«— New scalars

¢i = (QLa UR, dR7 R \I/newa v )

1
LGHEFT = EGab(ﬁb) ajb_y ot

+ Gar(¢) a, (D"¢7)

+ 5G1a(8)(D"¢)(Dus”) -
¥ fGa* (@) (47" 0* (D,0") — (D,07) 74 )

'L] a(¢) "pTJ ot ¢Z aL;L

M*I(qs)w“ aw (Dut")
— SM (@)U — DM (8) 9t

1

+ < 8 ”kl(¢)(¢ W)(WW)

8Sa e @@ Y@ i)
+ 35500 @)W 1 i),

<4— New fermions

Generalized HEFT (GHEFT)

Symmetry : SU(3)c x SU(2), x U(1)y

oot - w060 @-12)
at, = tr 160607 | +1r L@

&w and &y are defined as

— i o, _a — L 3
fW.—exp(%a_waT) , &y : exp(2 ZZT>

o u¢) u¢ +ZV3 [Qq] J¢J
with Vi defined by Vi=—tr B(augy)g,ﬁ} +cof,

Q¢ :charged matrix

—q102 charged

_QH(‘UZ

0
neutral\/\ 0

Please visit 2102.08519
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Difficulties in EFT analysis

Difficulty : non-uniqueness of parametrization methods

|:> Difficult to compare results computed in different field basis

Solution : Focus on target space of the scalar Lagrangian
Alonso et.al., 1511.00724 and 1605.03602

F )
o 1 | |
' LGHEFT = §g¢j((l>)(9usz(9”<l>9 -V

L P° (I); J

|:> Amplitudes can be expressed by covariant tensors in field space

ex) o' = Pt L

N ~ 5 Rigo3+ s(1 4+ cosf) Rio3q  1904.07618
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Application to GHEFT

Symmetry : SU(3)c x SU(2)L x U(1)y

Matter contents :

¢" :scalar (SM +NP) ,

SM + new scalars + new Weyl fermions

zpi : Weyl fermion ( SM + NP )

Lanper = 50i(6)(0,6)(0"4") — V(9)

2

550 (417 0.7 — @01 )04
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Application to GHEFT

Symmetry :

Matter contents :

¢" :scalar (SM +NP) ,

zpi : Weyl fermion ( SM + NP )

Lanper = 50i(6)(0,6)(0"4") — V(9)
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+ 5 Su(@) @) @he)) +he.

+

L
4

SN ([ e [ AL

SUB3)e x SU2), x U(1)y

V354:(9)

(47" 0@, - @07 )o )

SM + new scalars + new Weyl fermions

s 1 2 P
We define Affine connection: F;,; = §gzl [9,;[*73- T 9k — gjjg,g*]
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High Energy Behavior

~ 5 Rygo3+ s(14 cosf) Ria34 1904.07618
~ /s (D4D3Mii> — /scos@ (MgRiQ?A + MiRiQ34> 2102.08519
~  5sinf Rjsq, 7 flavor index of Weyl fermion

7 :flavor index of scalar

12

S Ri;@g + 5(1 + cos 0) Riﬁgi

2

s Rizag

~ /ssinf <MiR13221 — M3 Rsq35 + MaRgiga) 17



Take Home Massage & Summary

* We construct the generalized HEFT
incorporating the new scalars and Weyl
fermions.

* We find that the cancellation of the energy
growing term in the scalar fermion scattering
amplitudes require the flathess of the Riemann
curvature tensors evaluated at the vacuum.
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