fs SMEFT Eﬂoajb?

\,\EFT arXiv: 20090959 7

Tim Cohen

(Anivers ;-/7 of Orejon

w/ /Ua. ﬂaﬂ;el ll‘c.ij
yiqoclman Lb\

Dave Sufler/sud
B/f/l_, HET gem;nal‘/ Dec /g'






Hah) fo ol‘j&ﬂ;fe BS/’) Pre.o'icf‘ion,s‘:?

Simplified /MQCJCIS Effective Field Tlesty

DOFs: ?,u,J/l,e,

K G W, 6

SM +\7/u no +heufraline

i‘ 15,,4- 4‘77%5

'53) N
ph3%

Syunefries .
S (3) xSt (2) ¥U0) >

1 15!1 * go; ”r \\
|¢§\ﬁ

4 ~——
1C

L \\

Saae e et =] .




TAZ S‘/‘aﬂc!oro] Moo(e[ &S E/:T
”/‘/PAU/ PL/SFC,S decou'o/es !

¢ On// SM dofs

¢ Sy anetries ! [ocent2 + SU(3) xSulz)sl()

REO&/;ZC &/ecfrowen.k S/name/r)/
Iiarear/ or m°”-/:1‘”¢°cr9/

SMEFT HEF T



To SMEFT or to HEFT Z

MEFT >> SMEFT

Cgo OJ: IA)IAQ‘IL (pcrhrbn‘?ve) HEFT
B§M wodef's
reguire HEFTZ?

L /’urc.f’ure

A’onso .)en’ms Meanshar /ar)(;u: /[05103502-/...)

’ Fo«”lwos/‘ quf'aéi’/ (QPX/V r1902. 03935)
¢ CLM) / L“"/ (GI‘XI'U.' [902. 0 5SS+ - )

* Brivio, Trott (arXiv? [706.089%S)




Oon“/}ne

L. Defive SMEFT ¢ HEFT
L. Light BSM & Analyticity

E EFT Convcrjemce {L)[V //EFT?)

E Cur Yature Ceiterion (wLM HEFf?)
.£‘ aniv‘wiv‘/ (Men HEFT?)
_‘;__/_/_ P SMMM&P/ aud Ouf/mlc



L. Definve SMEFT +HHEFT



Dcfr'ue SMEFT* /-/EF A
Sco pe  (ATA)
Sc«/ar sec for on//
OFe,raf'orS Lp fo twe derivatives
Cug todi< | 5/mme1lr/

SU(z)x U(r) = 506(4)
Fie/J rec:]e)l}ni*/'ons Jo

V\Of' 1.v\c/ue1e, ) I 7"2("!671/.0";



SMEFT
Ledt 5 he an O(‘O Vec tor

p—=Op

s.t, (H) #0 & (py) #0



SMEFT .
3, = A K + LB ()5 ()]

T Vi) +0(>%)
A,B,V ace rea) qaq&:?’f'c @ orib;n [H]-0

= l«cwe. Cou Vcrjeﬂf T.yﬂ,r expwsr‘ov\ e /”/:O
. (A(“)"/ 2 CM\O":CAI n-rm)
I L:nk O'p ¢¢’ 2 X4 [&.r’ 7l;5','cm Coords on mani bl

@:’O 1S Jnvarian? Po;v\f under O('/) foIIS)crme)l/on



HEFT .
/1/00~,ineo\rl/ reau/;fp_o) é)rm brea 1S

Calon Co/euup IA)O-S‘S, Zum.‘uo //ﬂ(?)

L] (fL](n'C\' H,]j’)
ﬁ (Q,lclsfonc Bo:ans)

(i
D n .= T,

P (Geh)Rwf G [l
Wes a-wel \4 = Ji-nZ



HEFT
O(H) '/PMS formition: hh = 14 n—-=>0n

= ﬂ in Nhon- Inel'rep

Jyess = 7 [K0T) LY+ +[v FOS OF
-y o) o:o
(E(O)‘:'/ t5 Cawnonical nobm)



HEFT
Does HEFT know fhat (HP =0 €

AJM = /{Zerc might be sfec;o\/ )0/qce
on mcf?\"ﬂ/cf L\q,"’l/" where

O(q) §7MM€7LF/ IS manifest

De fermined b)/ F(L‘*>:O
TF h=hse exisls =
HEFT — SMEFT possible



HEFT —3 SMEFT 4




IL. Liaht BSM and Anslyticity



L-’th BSEM and /Im//it"c"é’

QiUM 1,,“/ iv\f‘eJrMLE— ont heavy State
:ﬁzILPI. EXP"WH}’ and Fruncite = 25)’7’

We will use *Fumcfional m&ﬂecls

I) ‘ff‘ee exc.laqu e

2 exqm)o [es — —) A
/ao e xclton
¢ See alseo Z> F jf
arXiv: 20/1.02%54 > — .

by TC, LIA, Z'lu?)



Tree E xchan e
EX‘I'EV‘O, SM w:ﬂ ﬁv\j let sealar S’

BSM 25( ) -~ = X[H/? )S Q/H/ZS'JA,S”'
Im‘/’e‘jrqfe N 5’ ug,,:\j EOM ﬁ?/ec;‘ })

S[H] ('“' 1 X[H *\[(“ FNIBE) - 2 by 0
3 Vor™ oo -—(m ENIWE)[ (2 M[n)* 3410 ]
355[(" +X/H/) Ze-é/Hlj ”




Teee Exchenge = SMeFT
Expand
Vers” Yo "'31 (w2 + NIH 2)[["2* (b2 —345/15
358[(" ) - 20.(,/;,/7 e
Wi = Loel SAEFT e xpansion



Tl‘ee. E‘XCAem e = /7/EF/
But if m*=0 ...

ﬁ

— é
| 3abW/HI =N H
VILPI:V\M "’352[3 ‘)Y/

32
(—2016/H/z+)a)z/l-1/7) ]

IS noewn- aqq_//y‘o‘c, aboudt [H] =0

= HEFT ) .
Simi/ Sfl‘/Hﬁr cortectons 1o [+ ()/H/)
;m: xf



L.Oo,o Exclaav‘\)
5:&312} ex}'enS:Oﬂ w/ Q = l) O

Losn 25( 3~ X))
LQ‘-\A’D BSM Correcfl'on 0«-7L one /OQ'D

M?t 'FDWIC7L|ov\qI Mo ‘)(‘C J /o/e.ﬂtqq Uc,,!e,:j)

foc ILPI

MS:MZ‘*BVZ-“-'D J‘Izllof_ '/ J 2, >
2 ¥ Lpr = 17 "*(3 T 4')"””/)



L 00)0 Ex:.lmve_
Lipr” /9H/2~/«§ (2 + £ A, [HI7

+ ——-— (W,z +)J/l//) ( ~3>

M 4)1/#/ 2
| /

! rt 3 mt,,)&z,”/z/)/”/)

wLQV\ HZ#O = equno’ o derive /oaq/ g/‘liF?}'
Non- Gualy Fr'e
but M40 = 03 (/k/»/”/>—9weedl-ftz;=r




IS /4WA /7 7[1.6107 EnoUA 7

A

Does r‘e.zuiriv:j ,4/ B/ V' be G/h&)‘/’c.
ENSure ,S'/”IEFT?
F;BICJ PEG\E'F;"’. 7'-"0”'5 do VIO'IL C.I«qtjz f‘/sv'cs

CO.MV\O'I' e mMoVE ,qo”,q,\q_l)/ ./'-C",[/ w//-/ rg,de/‘
whul‘ aboo\‘f &Sr‘ﬁ rede/s o/ Ll.?



F{elJ Kedefinitions of h
Let

= (/f )[DL){-'((HL)( (bu)-—-V
=g (1 L 2 gy

—
Wz(\@ﬁ 9) [)H/) -

LOOILS /:'l(e no SMEFT equnsfon...




Bt

and (U.,_I_L")Z; (U’f-h)z/'? y L
i

F;@/J Kedefinitions of h

le + L\,:L\""L;_‘L‘z
U

¢t

“E(‘)"L») +«2'-(lf,+l.,)2[9r‘?)2+l/
= Y5+ = SHEFT !

V:-z
) 7(/“



Feld Redefinitions of h
L)e /earneo/ ﬂa?L ona //}éc 7[1:6/07 recfe/:s'

070 L\ con ObSCUre amq/)///'C/'//' '
terms of H.,

Field redefs  wton HEFT can

obscure SMEFT
W Ley s‘Lou/o//mus?L one usSe //Z:/CT.?



('U‘. EFT Comuerjence

(Why HEFT ?)



Proctical Criterion

One should mafch onto HEFT whea
infeJPa%iﬁ outl a State whose mass
}5 NCeaf @f‘ Le/ow) ﬂe e[ecfroweq[( 5cq/e

Cleck I‘GAFM‘ 07[‘ ConVQ/;jemce
1['01- EFT eXFQV:S/'on



Pmc?"[c«al Cr[f‘eriaﬂ

KaAiuS G’P Conl/e{jehce:

l Dg AC:M-" /H/zM = )‘h’ L‘?

= %‘ —ZB;TM [m_;)[zm-l) . (_/llf_fw ‘{V Ltg

D if A~ oand cunf
= SMEFT Joes v\of‘ chUGJBC




AI)P}yfnj The Proct ical Criterion
KE UI'SI.7L S'Vljlé'} /oo,o CXMM/JIQ

Vl'/oor’ /”7 (mz}y/”/z)( u 4+§>

2+)o1/lf/ ¢ 2

SMEFT ; equ»\J " Xs,me;r = -»\/ff

m

HEFT.' EquaJ N X_HEH: )‘2 GHIZ"Z'V?

wrInu

s flaf "'2[, "'XSMFT): mff/.g (/*X-b't'Fr)




Applyiny fie Proctical Coriferior
Vl'/oot’ /“7 [IMZ})D?/H/2>( u 4+§>

Zsc’)aI//:r/2 2
k
o 201" U
\/.5"]5.'F7"‘D eos 4 é E[k_,)[:-z) ISAEFI’

k=3




Ka. J;MS Of Co nUtl‘jenée

. 2
’7& ne = " -
WU, /

St r=ed af Mmoo m\

nen 21, befh Commye
7 . I 0(F5[’5/7£Frd°es

ver T v * vot co'wel:je
r=0 > SMHEFT odoes

n°7l' Ckfsf'




(503

’Za‘f‘e G'F Com/eryemce

1.5]

1.57

1.0f

0.5/

0.0

r=2>5
SMEFT® |
" HEFTH
L ==-2-y-u-u-u-u--u-a

2 4 6 8 10

kmax
r=2
= SMEFT* |
" HEFTHE
-----N--0-a-g

564

504

1.5]

1.01

0.5]

0.0

1.5]

1.0

0.5]

0.0

r=2>5
SMEFT® |
. HEFT®
--Ay-g-p-a-a-a-4

2 4 6 8 10

kmax

. r=2
SMEFT* |
¢ HEFTH

Cﬁl‘l‘e cﬁ'w
N feo



" CLarvature Cr; tecion
(MW HEFT?)



Curvaﬁre Inu«.r;av\fs
Ue Saw exth{ES LJ’AQPZ Par}tl.c/e jc/j‘

ol o)c (s mass 1£Pom IL//'Zj_s
= SMEFr Jdoes not exist

B‘”L cou /c, éc oéS‘( areo/ é/ {c/c/ redef
&)QS{S inde pcno/em% check
C,&oon( C/assf;gf Il Tleories Tlat reguire HEFT



Curvaﬁre Inuqr;ads
43
/4vm (c:) L’/ GR : c[e )[;'43 "AB?ZPI‘C owv )eoc{«/z'[fche)

Y n; n;
Mo te (3w> =( ) "7-’,,5*)(3/”")(9/*”1)

5 1,02 3B (W) + 5 [ FOY) )
2
| Yh i
_-_—_) WC'F!\(C 9;. - UFZ(S',J'* ‘k-n/'

[—n*




RICCI S'Cq/ar

%/g%[(éu

1+ Mol -

/)[/

VZ FZ



éur vaﬁre Cr,'fe/,'on
A HEFT Con Le zxfresse,o/ Qs SME/’_']‘ FF
I) F/L‘Lw)’O.' chffd.;)‘e O(L/) luvarieaq } Pon‘n?‘

2) ﬂe, me Fr.c I &mal/f/c.@ h,
¢ F +K have Comverjewi- Ta7[-r Exp @ ng.
0 Lurvature invriants (PR ace Faite @ by

3> TZlC PQ')LEM")L:&I 'S QVlQ))’)‘V‘C @ l\ag
¢ U L\GS Cov\velyeﬂf T&/Ar exf@ b\.,.
‘<Dzn)l/ are faite @ by



HEFT s a Black Hole
Con‘)'ecfarc,‘ CLecL;‘-ﬂ) ‘/'MIILZ.MQSS °’(./€ v I/

(S SUuffricient

Two c/&S’S‘eS' o]l‘ WoO{e/S‘ neaol /é/EF]_.'

‘ . . , BSm state 3&71-5'
Covuc&} 5"4)“/""‘/0 e/l of its mass from H

f’/or ) 2on BSMb Sow.ces of s)mmef’l‘/
l‘eqlu\/l)



COH'C&[ gvh u/&r'
J /
Ex: Sinylet  wf ,S‘/;.//‘ ¢ §° = free lovel
> K (L'"V'>" T /y?(/V(p*/)
'fmr}'e w/ M?'#O bu-/' cl;ue(‘?e.s asS IMZ-90
EX: s‘njla'f’ w/ SZ/HIZ-Q/QO'a /eV&,
= K(L '"V) ,927)' 9(/”?*/)

bu-j— ,e, 2 :&(r"? ’) >l ___; oD
VT CemmT Gerym ke-v




Hori oW
we. Frou;cfe Three ex«w'o’es [ /)o./oer‘,
Rely on "EFT submenifild ” picthare
Ex: AbequM ‘}-07 wloolel l.,/ Vevs ‘)FO" n

.8 1 Fl‘/’ e
4 // l« $ v(.‘n 5
m:f;»)D f 0% U);& , 0 \\\
/4 % _px‘d/lﬁ J/ Nno Smerr
ﬁ ;b xi.;\ peint N taq \) ea'ér

r
r



]—Z: Uni '/'qo;7‘)/
(Where HEFT?)



Uni 7l‘qo;7l}/

I-_Vl léc:rﬂcom}.u) fa,)e(‘/ we 7%//‘”0
AJM ‘ILO CowPe»\?Le Saq?l/'wf:\]
qwr/;fucLes* in ferms of Cerve fure
i variants, 3ener0«/iz}3 AN Farity
alzj*xw\evds @F Fe.“lowslz;, quf’ae?.i.

’ /-fEFT Uio/q)te}‘ /7Q-P+&PAQILJ'UC [Am'){"fl/
when s 47T



_E[. §b\mw\ar/ and Outlool



5‘4 IMJMqr/
o EFT 'S L{SB"CM./ )C)r f&f& m&)LPJ'E/'s BS/V)

e SUEFT : [inesr realiced EL sym

de"—""f/;'ty manifest

Nown- /:uear rea./,'ae,c’ ElD S/‘M
[ {‘f EFr : uSQﬁQ«/ (P ‘!.Qafl AR Ls PA/Q res S‘co‘/e

S nesr- U
v BSM stute gefs afl wass fan H
o HEF T reguired

o BSM Souce of Sy éreqév':!j

‘ HEFT I/fo’o&?{es Ltnl.ﬁil‘i')t}'@ S4 Y7Tv



Oufloo b
‘ VQFQ-P on L*m.'}&l‘;ﬁf /S In /?l‘vmzs‘s

¢ P&fer‘ tyP’oriu) PLCM of "HEF Tons ™ in proress
(+ IQv\ B\u?‘&)

’ P&Pcr QXflori:\.] g’ubman}g/d Pr'cﬁl‘e. VAFR
ZHDM n prog ress [‘uu;ﬁ»/" Us "ms;"bo.s:;)

& Ex }zas:'ow o #c/c’ Pedefs b’/ a 'S bnk o



