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HEFT v/s SMEFT

HEFT SMEFT
Non-linear Linear
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HEFT & SMEFT ?
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HEFT SMEFT

A toy example: (1 —+ Q)Q/g
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Correlations in SMEFT

Example: V#¢ couplings: (In unitary gauge)

SM + SQQZL Zue_L yu' eL + 5g€ZR Zﬂa y” eR
+ 697 Z,vpytvy + 69/ (W v yHe, + h.c.)

] cos(OBy) v
SMEFT: 69} = ==2% (597 —5g2) + 0 (55)
= Only 3 WCs independent,

HEFT: all the 4 WCs appear independently at

0 (%)



Ref: Falkowski, Rattazzi ‘19;
Alonso, Jenkins, Manohar ‘15, ‘16;
Cohen, Craig, Lu, Sutherland ‘20

SMEFT c HEFT
Correlations exist between
HEFT operators when
written as SMEFT. o0




HEFT Operators @O (p*)

(Long.) Gauge-Higgs Couplings: V = W2, 7Z
LLLL‘mVV:HVf Hi“awzr“ﬁ l%i‘awil:ﬁ

.. 1 Vhhh .. 1 hhhh

t‘_‘.\-‘"H\‘ﬂ 5+4+4+1+1
y 9 = 15 Operators




HEFT Operators @0 (p*)
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HEFT Operators @O (p*)

Type (HUhD*
VLV () ¢
(V, V><wvv>f5fw (h)
vy [TV, (TV,) VAV ETD (i)
(TV,)(TV*)(V'V,) FJP () r
((TV ) (TVH)2FTMD™ (h)

Anomalous Quartic Gauge Couplings (aQGCs)
ALoge = g°cg {(5Q§ZlZ”Z”WM_W;r — 5g§Z2Z“ZNW_”Wﬂ
2 B I _ 2 2
5 |0 WHW W W = b9y (WRWH)?| + 1508, (20 2,)°

Ow
2
5957 = (2t ), 8955, = (e, S = 9%
59%‘,‘/2 = —g° (2¢1 + ) hgz = g° CGw (c1 + co + 2¢3 4+ 2¢4 + 4cs)

BUT, unlike HEFT, in SMEFT dim-8, there are only 3
independent operators for aQGCs.



DeriVing POSitiVity Ref: Adams et al. ‘06

For “reasonable” UV-completions:
“reasonable” = Poincare Invariance + Causality +
Unitarity + Locality

LSZ-Reduction

Poincare Invariance
+ Avoiding
Superluminality
V<CcC

Micro-causality
[0(0),0(x)] =0 Analyticity
if x is outside the lightcone

Unitarity + Locality

Positivity Bounds 3m” 4m?




Deriving Positivity
XitXji2XitXj
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Deriving Positivity —+™¢

S
S,/ Ci
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Deriving Positivity "9
¢
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Deriving Positivity
XitXj—=Xit+ X
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Poincare Invariance
+ Causality +
Unitarity + Locality

5

Energy

M(S,t,U) — Zci fZ(S,t,U)

Energy

0*M(s,tu=dm*—s—t
( = ) >
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Positivity Bounds

1Xa) + 1 Xp) = |Xa) + |xp), Where
Xa) = ) ald) + aulh)

I
XY= ) Bild) + Balh)
I

Superpositions give stronger constraints:

(92 Mok (s,t,u:4m2—s—t)

032 > ()
t—()
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Positivity Bounds

2 D.Chakraborty, SC, R.S.Gupta (in prep.)
’U4 a M Yy P prep
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Positivity Bounds
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Positivity Bounds
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Bounds on VVVV (aQGCs)

Green: Our Positivity Bounds %1-111 ff

. Experimental Bounds
Exp. Bounds Ref: Eboli et al. '24 _‘f‘jﬁ %LL%

Process involved: pp - VVjj (VBS)

Cs X 103 Cq X 103 C3 X 103 Cr X 103

C1 X 103 Cr, X 103 C3 X 103 Cq X 103

D.Chakraborty, SC, R.S.Gupta
(in prep.)
For SMEFT Bounds see:
Remmen, Rodd ‘19
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Bounds on VVVV (aQGCs)

Green: Our Positivity Bounds %1-111 ff

. Experimental Bounds
Exp. Bounds Ref: Eboli et al. '24 _‘f‘jﬁ %LL%

Process involved: pp - VVjj (VBS)

Only <

Cs X 103 Cq X 103 C3 X 103 Cr X 103

allowed by positivity. &

C1 X 103 Cr, X 103 C3 X 103 Cq X 103

8% of the (5-Dim.)

EFT parameter space
within the Exp. bounds is

| —

D.Chakraborty, SC, R.S.Gupta
(in prep.)

For SMEFT Bounds see:
Remmen, Rodd ‘19
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(4m)?
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C13

(4m)?

Bounds on VVhh

Green: Our Positivity Bounds +

11 . : .
Perturbative Unitarity bounds
D_
= NO Experimental Bounds yet.
1- 1%1171 r\:\_rr‘-r\
D_
—1- ,,’/ \\\
N . :
D_
_1] D.Chakraborty, SC, R.S.Gupta
| | | | | | | | | (in prep.)
-1 0 1 -1 0 1 -1 0 1
C10 C11 C12
(41m)? (4r1)? (411)? 21



Key Takeaways

* SMEFT c HEFT

« HEFT @ 0(p*) (Long.) Gauge-Higgs couplings:
5V*(aQGCs) +4V>h+4V*h?* +1Vh*> +1 h4
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« Poincare Invariance + Causality + Unitarity +
Locality —» Positivity Bounds — significantly
reduce the allowed IR parameter space. Eg:

» V* (aQGCs) couplings: < 8% of (5-dim) EFT
parameter space within the exp. bounds is allowed
by positivity.

* V?h?* couplings: No Exp. Bounds yet. We obtain
positivity bounds for these.
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Key Takeaways

* SMEFT c HEFT

« HEFT @ 0(p*) (Long.) Gauge-Higgs couplings:
5V*(aQGCs) +4V>h+4V*h?* +1Vh*> +1 h4
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« Poincare Invariance + Causality + Unitarity +
Locality —» Positivity Bounds — significantly
reduce the allowed IR parameter space. Eg:

» V* (aQGCs) couplings: < 8% of (5-dim) EFT
parameter space within the exp. bounds is allowed
by positivity.

* V?h?* couplings: No Exp. Bounds yet. We obtain

positivity bounds for these. | @ ///
Toank Wfear /.



BACKUP SLIDES



Dim-8 SMEFT Operators
for VVVV

Os1 = [(D®)'(D,®)] [(D"®)'(D"®)],
03,2 — _(Duq))TDM(I)fa
Os3 = [(D,®)(D,®)][(D"®)'(D"®)].

HEFT in terms of SMEFT:

3 independent + 2 correlations
1

16(

c1 = as + az — a1)¢; Cq4 — —C3,

:C_. 6520

4 8
CZ(%) S R
3 4 25




BACKUP SLIDES

Definitions of some Elements of the matrix
02M
0s2

a =16 (cy + c2)

b:4(261—|—62)

c =8c1 + 4co + c3 + 2¢y

d:8(32

e =16 (c1 + c2) + 8 (c3 + ¢4q) + 4cs
f:2(462—|—63)

g = 2cg + 2¢c7 + c9

h = 2c11 + c13
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