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EFT in Particle Phenomenology

LHC Exymraﬁom so far: S@.arc:h Jor new h, % parhales
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P Experimentally:First accessible signal/Easy to study

PTkea—reﬁ&auv: Wealkly coupied, well studied



EFT in Particle Phenomenology
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EFT in Particle Phenomenology
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» Theoretically:  Strongly coupled 5422 ~ g2

P Exp&rimem&auj:smau statistics, challenging, big improvements

Simple, well-defined, context where EFTs more and more necessary



focus on 252 processes

most about scalars, something not



EFT in Particle Phenomenology

Important to undersktand what EFTs possibt&
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What signs and relative sizes of operator coefficients possible?
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EFT Point of view

tree E2 E4 E6
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EFT Point of view
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Is any ErT Emergv-ﬂrumme UV Ptausibi.@.;?

PART I - Tree Level
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UV-IR Connection
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UV-IR Connection

for seC

Anatjﬁti&j , Crossing, Unitarity, Localit
(Deform Contour) S<7 U Disc ~ SO'Tot(S?> 0 Froissart-Martin
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?’osiﬂv&v Conskrainks

» No direct info on effeckts % £2 or const (operators dee)

%S&Tiﬂ&i‘j FOSL&EVQ B4 (&V\d E:“’d"D Q{{Qﬂ&S (opera&olrs AZ¥):

e.q Goldstino: ix’ ot 3qu+ﬁ (XZ C%X;r') (0"x*x7)

pAnyY (mon-Llinear) symmetry forbidding £4 cannot be exact

S relevank noalees &hearv
1 2
e.q massive Gralileon:: L= ~3 (0,7)° [1 + %DW + % ((D7T)2 — (%&/W)Q) ]—%WQ
2,2
Res= 2 >0 (vanishes in exact Gralileon Limik)



More Posikive

More structure accessible by more general Pu(s)

Must be odd order w2z
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More Posikive

More structure accessible by more general Pu(s)

Must be odd order w2z
1 1

P (s) — P (—s) > 0 (s > M?)

Peq: Po(s)=s(s+ R

Grives positivity constraints on sum of residue

A A (21) A (22) A (23)
R 21,22,23 149 — + +
Z e (21 —22) (21 —23) (22— 21) (22 —23) (23 —21) (23 — 22)
o R?
A2_>2(S):CO+C4W+CSW—I—... 64 > —468 _|_ e o o

and similar for cus



Killing So»fﬁv
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Killing Soﬂfﬂv
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Killing Sofﬂv

R2
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Yel, EFT symmetries and postitivity bounds allow for

£ N
Cg — }:-

IR dominated bj smaall
‘relevank” £4 Fer&urba&ioﬁ?\%
Cp =24

‘k‘L‘-‘L E? |
«—UV: the true qoldstone
nature emerqges

‘E‘v

—>
/M EES I

For the red regime to exist: s >

M3 M*

This is forbidden: the “small” perturbation is always
biaaer than Ehe “larqe” effect!
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Killing Scffﬁj

: Extended Shift Symmetries
¢ — ¢ + ¥ +c(1)a’;“+c( ) et +c,(L]Y.)..MN$“1 .o ghN

perturbed by small mass m, < M (cutoft)

9m

N=3: 40 = ()\(3)) (3m¢ + 4m¢s + 47mfbs2 — 24mg2b<93 + 3s )

(compatible with positivity using Puls)=s")

> max | 47\ V4
Cy 174 C8] P Erue < 5 My ~ 2My
687\ '/
N =5 Emaa: < (%) me ~ 12m¢
EFT regime shrinks to zero oo

1/4
N=T E,.< ( > My ~ 09577’%

13051

.ostill, terms (studr vanish at tz0 and elude positivity...



PART 11 - Loop Level
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P Non-analyticity within EFT (calculable) regime
» w=0 Limik: upper and lower F’»Lame disconnecked

IR regulator or study o different object...

Vanishes with P.(s)zs3
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A ) = [ Zas Y 4 Y

Py,
arch R

Polynomial Pu(s) must satishy

1 1 X
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Properties Z,
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1) A(n, R) > () (zintegral over a positive qu&m&&&:j}
2) %A(n R) <0 ( integral over a positive quantity)
3) A(n, R) > RQA(TL + 2, R) (Larger n, smaller m&egrand)

" )y A

Test these on loop amplitude ansatz for U(1) Goldstone

log(s) + log(—s) log(s) log(—s)

.A(S) — (3482 + 84 (Cg + 58[/3) + ’i61085 + 86 (612 —+ ﬁ%QLS —+ ﬁ%éng -+ 5%&2[/;) + ..



Loop Positivity for U(1) Goldstone

A(s) = c18° + s* (cg + BsLs) + ic108° + s° (612 + B%QLS + 6%&1[,? + 5%521/3) 4.

s 1
A(3,R) = cy +[R*Bs [t cR¥ (481, — 467y — BTy +4(4B% + By’ ) log R

8
vy
2

A(5, R) = cs +|28s log R|+ R (ﬁiz — 2073 — =2 + (4675 + Bry) log R)

» A(n,R) >0 : coefficients ¢ no Llonger positive (c4 yes, R=E2->9)

Z“Lc}op



Loop Positivity for V(1) Gotdsﬁog&@.

S8
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s 1
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8
vy
2

A(5, R) = cs +|28s log R|+ R (5%2 — 2073 — =2 + (4675 + Bry) log R)

» A(n,R) >0 : coefficients ¢ no Llonger positive (c4 yes, R=E2->9)

i %A(n R) <0
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p
Bs + E4BL, + E*(48% + B77)log E? < 0 VE < M



Loop Positivity for U(1) Goldstone

S8
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Loop Positivity for U(1) Goldstone

S8
A(s) = cas” + 5" (cs + PsLs) + icios” + s° (clg + BlaLs + By L3 + 53’2233) +.

s 1
A(3,R) = ¢y +[R*Bs [t cR¥(4B1, — 4875 — BTy + 4(4855 + B3 log R

8
vy
2

A(5, R) = cg +|20s log R|+ R (6%2 — 2073 — =2 + (4675 + Bry) log R)

» A(n,R) >0 : coefficients ¢ no Llonger positive (c4 yes, R=E2->9)

i %A(n,R) <0
2-loo

p
Bs H+ E1B8L, 1+ E* (485" + 57) log E? < 0 VE < M

< Leadiing running coetbicient ¢
ﬁ s <0 3 ecgmes ﬁ Y w.T.k bree-level Approx.

l-loop: next running coefficient ciz can decrease towards IR
|35

ﬁzéﬁ



U(1) Goldstone @ 1-loop
Bs+ E*BL, < 0

Explicit 70421

. 23c2  83cycs
calculakion: Bg =

bra = - 5172 7072
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U(1) Goldstone @ 1-loop
Bs+ E*BL, < 0

Explicit 70421

. 23c2  83cycs
calculakion: Bg =

bra = - 5172 7072

a><>< . X

p Conbains cb (unbounded @ bree)... can access Gralileon:

2 51
g2 ) 5 gy 12
L= W(Qm@ m)0(0, m0" ) Co,CqiCy K Cg l
2
Cop C2 C4 Cg C8 C1p C12 - -
RO A

3 ¢> [(E\°® Che .
A > « [ = no posikivik
640 1672 (M) P J




U(1) Goldstone @ 1-loop
Bs+ E*BL, < 0

Explicit 70421

. 23c2  83cycy
calculation: bg =

D2 = =55 = o
9<>< 6,10 Ko,

p Contains ¢t (unbounded @ bkree)... can access Galileon:

1
gz 93 512
L= 5(0umd"m)L(9, 70" ) Co Cqcg K Cg l
2
g* ——-
Co C2 C4 Cg C8 C1p9 C12 * -
] P R %‘. . .7‘
A > 9. (E e Fm-s&w;?:v
640 1672 \ M

Perturbation at most one-loop factor below stronger effect

Similar arquments to access ¢
See also bounds for ¢t £ 0
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dH1
Study (irrelevant) self interactions in Ase o0
i R*
i.o&ag&ucl;hai. A 1 D ~aJ
(J = A1, A2, A3) T



Higher SF?ELM

Study (irrelevant) self interactions in Ase o0
4
i.osf\%;iﬁucﬁmai. A 1 D AT
(J=3: AL s, As) T
19=3
A1/ | Al _ _ /\1/0/\3\ 5 ) B i :1
Most relevant interactions, perturbed by mass, , excluded

(many helicities, one perturbation = many constraints)
richer perturbation would be ok



Loop arguments stronger:

Energy

Lgv_\%);?:udmat A I (I)4

>\17 )\27 )\3)

Spin-3, A.®* Interaction

Higher SF‘EM,

R4
—17 transverse
T

Energy

Bellazzini,Serra,Sgarlata,FR19

Spin—s, R* Interaction

m

Ty os e
A < ASC
<47 ()

\\———sl‘:rovxg coupling scale



Bellazzini,Serra,Sgarlata,FR'19

Higher SF‘EM

Loop arguments stronger:

4
. 4 R
Lc:—hgl&udmat A L(I) 4J trawnsverse
(J = . >\17 )\27 )\3) fT
Spin-3, 1,®" Interaction Spin—s, R Interaction

Energy
Energy

=
X

Q.

m

A < ASC
~a (AT)

Ls&rong coupling scale

HS mass at cutoff (3>>1).. just Like in QCD, atoms, skrings...



Conclusion/Cutloole

Supersoft EFTs “E4" have no regime of usage

Supersoft EFTs “E4*2 have snmall regime of usage

IR running at all orders?
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(2->2,high-E tree-level)
For E > my states have well defined heliciby (!—p>
Amplitudes for 22 with different total h dont tnterfere
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(2->2,high-E tree-level)

For E > my states have well defined heum&j ®
Amplitudes for 22 with different total h dont m&er%er«?.
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My f div-& operator
a4 17 A:M)I Ih( AE;SM)l D:,ﬂ:eren& h@iiﬂi&v

N ‘ ‘ | N\ /
2l > 1 No-Interference
o% ; | i 4‘ I
o . w s
e e A \ 1/7
S ww¢¢ 2,0 2,0

Db 0 0 Poor Measurement

alnloliy 0 0




M C} Mm IM&QrﬂFQrQM€Q Azatov,Contino,Machado,FR16

(2->2,high-E tree-level)

For E > my states have well defined heum&j ®
Amplitudes for 2-2 with different total h dont m&erfera

S ij BSM
) f divia-6 operator

” | As B T Af,M)l I AE;SM)l DL‘F‘FETQM&W}\QLL'&L&:’
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Il Vves| 0 2
3 vvee| o > 1 No-Interference
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Do 0 0 Foor Measurement
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(2->2,high-E tree-level)

For E > my states have well defined heum&j ®
Amplitudes for 22 with different total h dont m&er%er«?.

ij BSM

My f div-& operator
a4 17 A:M)I Ih( AE;SM)l D:,ﬂ:eren& h@iiﬂi&v

3N . ‘ |
2l > 1 No-Interference
o% ; | i 4‘ I
et |l ; s .
Ve e——— \ 1/;
S ww¢¢ 2,0 2,0

vvde | 0 0 Poor Measuremenk |

DPdd 0 0 UK L

: g
Svall tw mdusw@. X S€.

l»! Resurrect Inkerference

Revitalize Inkerference

I will discuss:
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