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Martin Gonzalez-Alonso

Which EFT? - ¢©

© How to compare different nuclear beta decays?

> Effective L i he h level!
ective Lagrangian at the hadron leve [Lee & Yang'1956]

| Liee—vang = —py*n (Cieyur + Cyevuvr) — pyiysn (Chrevwr — Coévyr)
|

1
' — pn (Cévy + Cgévg) — Spon (Cféouve + Créouvr)

+ pysn (Chéve — Cpévg) +hee.

dl' = f(C;, My, Msr)

For some transitions and observables: X .
UV meaning of the C

O zf(Cl) + small corrections coefficients?
High precision (within & beyond the SM)
measurements (hadronization, RC, EFT, ...)
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W lens 0.98576(22)
‘h v2CF —1.25754(39)

8 2
| |
I =
cNSC”|§.
e 3
i

Inner RC:

[Seng et al., PRL121 (201%)]
[Gorchtein & Seng, JHEPLO (2021)]

Y
Axial charge -
(playuysdin)
NEW: missed % level corrections?
SA = 1_2642(93) CQLLQE, Nabure'l® + urdo&e Cirigliano et al., 2202.104-39

9a = 1.21%(39) PNDME, PRD'1S
ga = 1.246(28) FLAG'21
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The Fermi-theory example
In the SM In the Fermi theory

12 v 14 v

9% (Fuy* Ppp)(Ev" Ppve)
2 2
2 k2 — M3,

2 (PpyH Ppy)?

M~

M4

2

I _ _
M~ 721» 5~ (Zpy* Ppu) (v Prve) — (Vw Pru)(ey" Prve) + -
W
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Fetscher & Gerber PDG review of muon decay

4G F _ _
L= D 0¥ (BT |ve) (FulT|pp)

Table 57.1: Coupling constants g7, and some combinations of them.
Ninety-percent confidence level experimental limits. The limits on |gg 1l
and |gY; | are from [8-10], and the others from a general analysis of muon
decay measurements. Top three rows: [11], fourth row: [12], next three
rows: [13], last row: [14]. The experimental uncertainty on the muon po-
larization in pion decay is included. Note that, by definition, | gfﬂl < 2,

lo¥,| < Land |gf,| <1/V3.

g7zl < 0.035 9%kl < 0.017 ghpl=0
lg7r| < 0.050 lgYrl < 0.023 |97 5| < 0.015
lg7.| < 0.420 lghrl < 0.105 |gh,| < 0.105
lg7L] < 0.550 lg¥.l >0.960 |gF =0

l97p + 691 rl < 0.143 |g7;, + 6 ghy| < 0.418
lg7r + 291l <0.108 |g%, +2gk,| <0417
lg7r — 291 gl < 0.070 |g5i, —2gh,| < 0.418

Qrr+ Qrr < 8.2x1074
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Fetscher & Gerber PDG review of muon dec:

4GF _ _
L= D 0¥ (BT |ve) (FulT|pp)

Table 57.1: Coupling constants g7, and some combinations of them.

Ninntr narcant canfidanan loval avnarimontal Timite  Tha limite an a9

The “canonical” example of an EFT !
= leading order contribution at |Mpg|?

|92ul = L and |gz,| < 1/V3.

g7zl < 0.035 9kl < 0.017 |ghg| =0
lg7r| < 0.050 lgYrl < 0.023 |97 5| < 0.015
lg7.| < 0.420 lghrl < 0.105 |gh,| < 0.105
lgfz| < 0.550 lgy.| > 0.960 |gf|=0

lgZr +69FR| <0.143 |g3, + 69k, | < 0.418

lg7r + 291l <0.108 |g%, +2gk,| <0417
l97 s — 2975l < 0.070 |95, — 29k, | < 0.418
Qrr+ QLr < 8.2x107%




Ambiguities of (D6)?

Imagine we match a UV model = this IR Lagrangian: (top-down)
(6 _ o® _
Lir = Lsm+ ( <L (HTH)LeH + —4L (HTH)?LeH + h.c.)

= - <= _
+ept® (HYD WH) (Eyul) + e HUH)HYD W H) Dy L)

; (Niels Bohr Institute) Rambling about 1/A 14 October, 2021 6 /32



Ambiguities of (D6)?

Imagine we match a UV model = this IR Lagrangian: (top-down)
(6 _ o® _
Lir = Lsm+ ( <L (HTH)LeH + —4L (HTH)?LeH + h.c.)

= - <= _
e (B D LH) (Trul) + eyt (T E) (YD L H) (B L)
Equivalence theorem = can xform fields (consistently) & the S-matrix remains invariant:

L= L+a(HHL
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Ambiguities of (D6)?

Imagine we match a UV model = this IR Lagrangian: (top-down)

LIR = Lsu+ ( eH (HYH)LeH + Zeif (HTH)QLeH +h. c)
= = — _
+eil® (H1D o H) (L) + el (HTH)(HT D H) (L, L)
Equivalence theorem = can xform fields (consistently) & the S-matrix remains invariant:

L—L+a(HHL

Liw  — LPL—Y(LeH +eLHY) + 1% (H H) LD, L + i85 (H' H)2LD,v,. L
1, (6) 1,(8) 1,(6) _
L (e )(HhﬁH )LL) + L E22m (gt Y (HYi D, H) (L, L)

(6)
+ S8 YO (gt ) (LeH + eLH') + M(HTH) (LeH + eLH')

L2 4 9cl®)g,
J’_—

Ql (10) Q(IO) a? CHl Ql ,(12)
A6
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Ambiguities of (D6)? 11

So we have two different bases of operators:

£Q = Loy+cp® (HTfBHH) (LyL) +<5® (HTH) (Hup H) (Eyul)
+ O (HH)(LeH + eLHT) + &) (HH)?(LeH + eLH')

£ = Lom+in®(HH) (E%)WML) +in(® (HTH)? (ffﬁ,ﬂuL)
el (1B ) (Ina) + ) (8155 1) (L)

+x&) (HYH)(LeH + eLHT) + &) (HH)?(LeH + eLH')

rbett (Niels Bohr Institute) Rambling about 1/A



Ambiguities of (D6)? 11

So we have two different bases of operators:
£ = Lom+epl® (HUDuH) (ByuL) + ey (HTH) (H1D 1) (Tr.L)
+¢&) (HYH)(LeH + éLHT) + &) (HH)2(LeH + eLH')
£® = Lom+in®HH) (LT L) +is® (HH)? (LD L)
eb® (YD W) () + g ) (1B ) (El)
+x &) (HYH)(LeH + eLHT) + ) (HH)2(LeH + eLH')

Which are related by:

KO = 4 ) R a;

1,(6 1,(6 1,(8 1,(8 1,(6
HHE ) = CHE ) HHE ) = CHE = QO‘CHE )

i = Dve BB = el
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Ambiguities of (D6)?, Z — LL

MO = 9z [@+Cl ,(6) 2+ ]E#PLU
ML = 72 [@ -1—/-; 6)'02 + ( L (8) —2k®) L (6)) %] uf¢ Prv
IMD2 o

%[@2 +2@2@K}{,g6)+ ((K}H,Ea))2_2@ 6,.L.( 6)+@ 1(8)):|

Invariant Not Invariant!

Invariant
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Ambiguities of (D6)?,

6 504 (8 _
MO = — 3 [y - 329 — 5] )

MV =L [y 2 369 + YR®) 4 2 (65(6) © +3(k©®)2)Y —2(565) + YH(S))>]

2

o [KO) + (x® — [KO]2) v2] m(av) (P = +imap)
—»(0(5) —Ya)+Ya

——f
|IMD)|2 ﬁ _ ﬁy(n(ﬁ) +YH(6))

+ ”8{ ()2 + 28Y s(O5Y) + 247 ?(x(®)2 — 107 (Y& + ,{gg)}

Not Invariant!

Invariant
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guities of (D6)?, I1I

Let’s denote:

A—IQMG = the amplitude at 1/A?
%;Mﬁz = the amplitude with two insertions of D6 operators
X%Ms = the amplitude with one insertion of D8 operators
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Ambiguities of (D6)?, III

Let’s denote:

A—IQMG = the amplitude at 1/A?
%;Mﬁz = the amplitude with two insertions of D6 operators
X%Ms = the amplitude with one insertion of D8 operators

For the coupling ZLL, and after a bit of simplifying, H/:

1 1 1
M = Mgm + FMG + FM(;Q + FMs
—_—

Invariant Invariant
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Ambiguities of (D6)?, III

Let’s denote:

A—IQMG = the amplitude at 1/A?
X%Mﬁz = the amplitude with two insertions of D6 operators
%;Ms = the amplitude with one insertion of D8 operators

For the coupling ZLL, and after a bit of simplifying, H/:

1 1 1
M = Mgm + FMG + FM(;Q + FMs
—_—

Invariant Invariant
So:
IMg|? = Invariant!
(Mg2 + M3g) Xx Mgm =  Separately Invariant!
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Ambiguities of (D6)?, the Equivalence Theorem

The equivalence theorem, per I.V. Tyutin hep-th/0001050

The equivalence theorem states “The independence of physical observables, in particular,
the S—matrix, in quantum theory on changes of variables in the classical Lagrangian, i.e. on
the choice of parametrization of the classical action”

Schwartz’s textbook:
S =1+ (2m)46% (Zp;) iM

(f18 = 1) = i(2m)*8* (Sps) (FIM]3)

If S is invariant then so is M

@ Implies that Mg and associated |Mg|? term are well defined
& and can be freely translated between bases (in the SMEFT)

@ This doesn’t apply to the corresponding Mg term, only Mgz 4+ Mg is well defined
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What are we actually measuring? (In Warsaw)

Say we can actually measure the H/¢ process at the LHC:

In the SM we measure:

In the SMEFT to 1/A? we measure
M2 o ™ 1 (2 (269 — L© )\ _ aime® ] L
o<v—2+m CHi _§HD = mvcer
In the SMEFT to 1/A* we measure
=2
M? T—z + [mQ (205,_%)] — % ) \fmvc(G)] %

2
5 [ (el S8l i~ ftha) 2V (el —aelf) oy + 2% (4)"]

Inseparable®
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What are we actually measuring? (In Warsaw)

Say we can actually measure the H/¢ process at the LHC:

In the SM we measure:

In the SMEF1

iBaloney/Bologna!

In the SMEF1

2
+ % |:ﬁ12 ([40}})) ko} ]z };b - CKI;JD 2) +2V/2 (c};)D 4ck°) ) mvcw) + 202 (c£2> } 1%;

Inseparable®
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What are we actually measuring? (In Warsaw)

.

v

2 (s -aelSpv+eihv) |
+ —

2f A2

A (v (Fpp)- (b -l n?)+aelipacil - @hn+seh) |
+ 4v2 A%

o0 (20 Do) v+ () (el rsceloly —2(e i)y ) + el = 9 (53 - aegh - (i (-2
+ sf
L (o By (10 B )Y~ B i)Y G D) Y — (el ¥ (el ) (el ef7

010 (—2e P (v (2 h o) —3(elp) —acelotn? ) +oe gl — e n+5eefh ) -12e i Do P +3
+




What are we actually measuring?

The hLe correlation function is (mds o menos):

(hLe) ~ (OIT {h(w1)L(z2)e(w3)} [0)

ﬁ [ D(fields)e?SSMEFT

5 82 p
§h 5Loe ~SMEFT
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What are we actually measuring?

The hLe correlation function is (mds o menos):

(hLe) ~ (OIT {h(w1)L(z2)e(w3)} [0)

6h6L6e [ D(fields)e?SSMEFT

5 82 p
§h 5Loe ~SMEFT

Simplifying:

5 82
3h 515c LSMEFT &

?\%

% [ (something) Le]

Not W,B,y

= £ [(something)]

y

e
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What are we actually measuring?

The hLe correlation function is (mds o menos):
(hLe) ~ (OIT {h(z1)L(z2)e(ws)} |0)

[ D(fields)e?SsmEFT

5h5L6
~ (st 5Lde ESMEFT>
Simplifying:
% %;ESMEFT =N lsi % [ (something) Le]

Not W,B,y

= % [(something)]

Il
S
<

So two important quantities are:
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Higgs characterization model

Consider also simpler description of effective ! ligoc coupling modifiers (kappa framework)
f
Lyuk = Z f (cf +ivscy) fh, h_. :
Translate k SMEFT: RPN I Ju— T v Xp
ranslate kappa . 9r = 6 =3 TR with TR = ;f

Allow also modifications of real parts of HVV couplings\ Ly = ¢y H

Capture BSM effects in effective Hgg and Hyy couplings: Cg5 697 Cy, E’y

15/06/2022 Elina Fuchs (CERN|Hannover|PTB) 81745
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Let’s try another example:

Higgs two point function:
(hh)  ~  (OIT {h(z1)h(x2)} |0)
~ & [ D(fields)eiSsmprT

R <%KSMEFT> + <5(£72)2£5MEFT>
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Let’s try another example:

Higgs two point function:
(hh) ~ (0| {h(z1)h(z2)} |0)
~ & [ D(fields)eiSsmprT
2 2
~ <5‘sﬁKSMEFT> s <5(£7H)2ESMEFT>

Consider:

2 2 .
<75(£H)2£'SMEFT> ~ <75(D5H)2(someth1ng)(DH)2>

= <something>
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Let’s try another example:

Higgs two point function:
(hh)  ~  (O|T {h(z1)h(x2)} |0)
~ & [ D(fields)eiSsmprT
2 2
~ <55ﬁKSMEFT> s <5(£7H)2ESMEFT>

Consider:
2 2 .
<75(£H)2 £'SMEFT> ~ <75(£H)2 (someth1ng)(DH)2>

= <something>

This (something) is the finite renormalization factor for the scalar fields we know and hate:

- v 1 (6) 6) vt T @) () ) ©6) )2
{something) =1+ -5 (CHD - 4CHD> T 3oAd |:4CHD +deyp o — (CHD - 4CHI:I) } o
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Let’s formalize a bit: (AKA geoSMEFT)

Take four-component real scalar and vector fields:

Wl

_ [ $2t+id _ w?

o e H_(¢4—i¢3) e ws
B

Then all two-point functions can be defined with just:

A ' I J
hiy= 4 PEET | & hr(Dug) (D
b d S(D“(;S)IJ(qub)J things—0 IJ( “(b)( V¢)
_ —29MVg%" §®LayppT WA WwB
9AB = a2 SWA sWB < JAB puv ¥V pv
Ho YP lthings—0

y = SLsMEFT = Yy

5(Tep) ’things—m

(that’s it, at least Warsaw style)
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the geoSMEFT (op forms WA# W5 )

J1%

Consider all operators involving two of {W4:#¥ B} and many {H, HT,74}:

keep in mind, 7475 = i (§4B 4 2eABC 1Y)

5 (Niels Bohr Institute) Rambling about 1/A



the geoSMEFT (op forms WA‘#"’WEV)

Consider all operators involving two of {W#4:#¥ B#¥} and many {H, HT,74}:
keep in mind, 7475 = i (§4B 4 2eABC 1Y)
D4: 7%3#'/3#” _ iWAyl“/WAJ—W

D6: cyp(HTH)BH B* + cgw (HT HYWAR WARY ey g (HITAH)WA R BrY
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the geoSMEFT (op forms WA‘#"’WEV)

Consider all operators involving two of {W#4:#¥ B#¥} and many {H, HT,74}:
keep in mind, 7475 = i (§4B 4 2eABC 1Y)
D4: 7%3#'/3#” _ iWAyl“/WAJ—W

D6: cyp(HTH)BH B* + cgw (HT HYWAR WARY ey g (HITAH)WA R BrY

D8: {3y (HTH)2Br Brv 4 &) (HYH)2W Ay Ay

+ ety g (HTH)(HIT AW A Brv 4 O (HErA ) (H B HYW A Bowv
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the geoSMEFT (op forms WA‘#"’WEV)

Consider all operators involving two of {W#4:#¥ B#¥} and many {H, HT,74}:
keep in mind, 7475 = i (§4B 4 2eABC 1Y)
D4: 7%3#'/3#” _ iWAyl“/WAJ—W

D6: cyp(HTH)BH B* + cgw (HT HYWAR WARY ey g (HITAH)WA R BrY

D8: {3y (HTH)2Br Brv 4 &) (HYH)2W Ay Ay

+ ety g (HTH)(HIT AW A Brv 4 O (HErA ) (H B HYW A Bowv

D(8+2n): {352 (H1H )24 ey Bry 4 (852 (it pry2ntdyy Ay Ay

+ 2 (T H) 22 (A H)YWAme Brv

+ S (T H )2 (H T AH) (H 7B HYW Ay Wy Bow
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the geoSMEFT (op forms WA‘#"’WEV)

Consider all operators involving two of {W#4:#¥ B#¥} and many {H, HT,74}:
keep in mind, 7475 = i (§4B 4 2eABC 1Y)
D4: 7%3#'/3#” _ iWAyl“/WAJ—W

D6: cyp(HTH)BH B* + cgw (HT HYWAR WARY ey g (HITAH)WA R BrY

D8: c$y) (HTH)?BH BRY  c, (HTH)2W A iy A

+ ety g (HTH)(HIT AW A Brv 4 O (HErA ) (H B HYW A Bowv
_ (6+2n) (6+2n) $2\"H1
gap = |[1-43 (CHW (1—0644) +cyp 5A4> (7) daB

— 2 (£)" @iTh 67) (6T 65)(1 = 6a0)(1 = 854)

+ [ (£)7] [@rrh 67 (0 = 6a0)pa + (A + B)]

5 (Niels Bohr Institute) Rambling about 1/A



All orders finite field /mass renormalizations:

Again, the fermion mass is just:

m = (Y)
The shifts to the mass basis are trivial:
¢! = VR Evgper
wi = g*BUscAY
where
1 1
w v 20
L L 0 o0
U = V2 V2
0 0 c s
0 0 -5 ¢

5 = f(va*P, 91,92)

The vector masses are:

2 2
why = B (e (VEn)

2 2
wy o= B (Ve - avg™) (Vi) o
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All orders hV'V couplings:

Hays, Helset, Martin, Trott, arXiv:2007.00565

(hZ, 2y = TRy [(%52) 5 + (has) 3]

2 4 2
Vhye = 1+% (cup —4cpn) + %5 (4053)[, + 405*?)17,2 - [Cg-?)D - 4‘3531)]] )

W)~ 288 Ry [(S) 2 (ha) g ]

4
Vi = 1+ (- i)

K framework:

e , M} M2
Allow also modifications of real parts of HVV couplings Ly = ¢y H TZ“Z“ + QTW;W ’

Also misses:
(hZHY Z,0) (OvhZ, ZH")

(which are known to all orders in geoSMEFT)
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The geoSMEFT

Helset, Martin, Trott, arXiv:2001.01453

We can define all two-point functions in the SMEFT with just:

_oghv gop 2
gABWiHL WS, & gap= —1;7 Jwgafwfp
I J _ g 62L
h13(D*¢) (Du¢)” &  hir = 5 s5nTsmr9)7
7 _ _sc

Further we can define all three-point functions in the SMEFT with just:

) J (T % _ 52L
Ly(DF) (WTuy) & Ly = sore 5 (it o)
b T v A b _ 5%c
dy (ot PIW i, S dy = S(Gor ) IWA,
o VP g gl s3c
fapcWAWWEW,? & fapo = 5" WA WE WS,
A ghrg’? s3c

A A _
kiy(Dud) (Dv)' Wi, & kiy = 5% 3D ) 6(Dud)TIWE,

5 (Niels Bohr Institute) Rambling about 1/A 14 October,



Saturation of number of operators

(This information is contained in the Hilbert Series)
(see e.g. Lehman & Martin 2015, Henning et al. 2015)

Mass Dimension

75,577,476
[ Operator form: [ 6 [T 8 ] 10 ] 107
] h1y(Dpg)' (D*¢)’ 2 2 2|08
gABWfVWBW 3 4 4
W koa(re) (D7e) Wh, I O
fABCWA WBwrw ok 1 2 2 | 104

[ | YU gR + hee. 2N% | 2N2 | 2N?2 | 103
B 7o yprWEY + he AN? | 6N% | 6N? | {2

LLALLL R IR S SALLL AL L AL

LérRJA DE@Y (Yp, RYuO AYr, R) NJ% NJ% N? 10

Lyt A(DF9) (U 1yuoaV, ) | 2N7 | 4N? | 4N? e a———
D6 D8 D10 D12
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Beyond 3pt functions:

For 2 point functions, think: p? =m?

For 3 point functions, think: p; - p; = %(mz —m? — mJQ)

For 4 point fucntions, think: s, t", and u"...

we cannot sum the momentum expansion beyond 3-point functions...

but we can still do the vev expansion as discussed before

Tyler Corbett (Niels Bohr Institute) Rambling about 1/A 14 October, 2021
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Why 1/A%? (why geoSMEFT?)

@ As discussed, we’re not measuring |Mg|? separately from Mgas ¥ (Mg2 + M3g)

@ Cen Zhang, SMEFTs living on the edge, arXiv:2112.11665
“QOur results indicate that the dimension-8 operators encode much more information
about the UV than one would naively expect, which can be used to reverse engineer
the UV physics from the SMEFT.”
(See also Ken’s talk)

@ If we can do the calculations, why not do them to the best of our abilities?

@ Duarte & Felix say it’s a good idea

Bohr Institute) Rambling about 1/A



Motivation

2HDM EFT

Results Conclusions

® Now, the fits. Type I:

tang

10

o

0.5

— Exact 2HDM

For high tan 3, the dim-6 results are poorly
constrained

the only WCs are the Yukawa ones

Type-I
(2)EN0 7 Ay (D) M 1
B tanﬁ>\f Ml 1

m 1

Obviously, this does not change with the
squared terms

The exact 2HDM has more info than Yukawas

Dim-6, A2 . gauge-Higgs interactions
— Dim-6, A~
Type-1 2HDM — D But that info is contained in the dim-8 results
0.1 : : ‘ : : Sans 3 Cyd(HIH)? (D H)T (DA
=06 04 -02 00 0.2 0.4 0.6 e e (LHIE B )
cos(B—a) The dim-8 EFT is thus a good reproduction
of the exact model — whereas dim-6 is clearly
insufficient for some regions
06/15/2022 Duarte Fontes, BNL 16
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d = 8 effects for the U, leptoquark I

day /‘1n,‘ le/dn,r
dm?,/ dm, dmZ,/ dm,
T %

Z' for comparison

RN I
\ \
“ \ o \
o i = . m,[GeV] o7 a - . i, [Gev
d=6int (d = 6) d=8 d =6 int (d = 6)* d=8
2
_95%CL
Matching the U; LQ " )
to the SMEFT at
d = 8 i’;,_ 0. iﬁ 0
) =
Compare effects of: t
-1

d=6,d=38, @l ,

eptonic operators in the SMEFT — HEFT 2022
Ramblir out 1/A% 4 O



Why 1/A%? (why geoSMEFT?)

@ As discussed, we’re not measuring |Mg|? separately from Mgps x (Mg2 + M3g)

@ Cen Zhang, SMEFTs living on the edge, arXiv:2112.11665
“QOur results indicate that the dimension-8 operators encode much more information
about the UV than one would naively expect, which can be used to reverse engineer
the UV physics from the SMEFT.”

@ If we can do the calculations, why not do them to the best of our abilities?
@ Duarte says it’s a good idea

Can we constrain the full parameter space at D87 Probably not at the moment...
(what about in the context the the geoSMEFT-y quantities like (§M))

Can we differentiate cgz/v from ¢\5) . without multi-Higgs? Nop...

"HW

Bohr Institute) Rambling about 1/A



What about the HEFT at the HEFT workshop?

(T know it’s Higgs and EFT)
(Tlaria did mention it a bit)
Corbett, Eboli, Gonzalez-Garcia arXiv:1509.01585
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What about the HEFT at the HEFT workshop?

(T know it’s Higgs and EFT)
(Tlaria did mention it a bit)
Corbett, Eboli, Gonzalez-Garcia arXiv:1509.01585

Consider the scalar Singlet extension:

2
L = (D*H)'(DuH)+ L1(8,5)(8*8) + p%|H|? — X H|* + L5852 4 25944 Am |H|2 52

2
5 1(8,h)(8Ph) — TH K2 + 1(8,8)(0"S) — Tk 82 + WM Ty [(DrU)(D,U)]

—Amvvs HS — -+
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What about the HEFT at the HEFT workshop?

(T know it’s Higgs and EFT)
(Tlaria did mention it a bit)
Corbett, Eboli, Gonzalez-Garcia arXiv:1509.01585

Consider the scalar Singlet extension:

2
L = (DH)Y(DuH)+ L(8u5)(848) + p%|H|? — A H|* + 282 + 25544 2m | H|2 52
1 m%l 2 1 m?2 2 (v+h)2 t
- 1(0uh)(8#h) — THEK? + 1(8,8)(8#S) — B28% + LR Ty [(DHU)(DLU)T]

—AmovsHS — - -+

Integrating out S/performing the matching we get the following operators:
(R’ is after rotating to the mass basis):

Po = STDFODLNF)  Pa = 3OHK)Ou)Fu (k)
Ps = Te[(DHU)(DLU)PFs(R) Pr = TY[(DHU)(D,U)OF(R)
fz(h) = Ci+aih7/+bi(}:;2)2 ..
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Matching HEFT vs SMEFT

If I do it above EWSB, I instead get:

Quz = 3S0u|H?0"|H|? Qus = 3lH
Qua = |HP*(D*H)'(DuH) Qus = zlHS
Que = 3|H|?0,H|?0% H|?

Quy = |H*(D*H)!(D.H)

Qsy = (D*H)'(D,H)(D"H)'(DyH)
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Matching HEFT vs SMEFT

The doublet predicts (h + v)2", or for A(WW vs h2ZWW:

2np?n! vs. n(2n — 1)p?7 1
In HEFT:
A2 02
2-X vs. 1-2X K S
2As M3

Rambling about 1/A
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Conclusions

@ |Mg|? is theoretically well defined

@ But we only ever measure something like 0" LsMvERT

@ The geoSMEFT lets us calculate 6" LgverT (sometimes)

@ we can supplement the geoSMEFT to get complete 1/A% results

@ we should be able to use the geoSMEFT to sum the v expansion
— we only have the p expansion left

@ (generally?) integrating out particles gives the HEFT
— at least, if 3 mixing between the ‘heavy’ state and the SM states below EWSB
— it’s really not measurable at a hadron collider (prop to the mixing parameter)
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