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Some comments about...
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Introduction

#+ What’s an EFT?

# Model-independent approach
(not assumption indep.!!)

Effective Field Theory

1
Fields + Symmetries

r» nuclei, e, v;

- Lorentz;
» Nice tool to study the interplay of diff. searches: FELIC n SR
. -u,d, e, v; -SUQ2) x U();
E-S- BEEO\ dECQvS V5. LHL -W,Z,... - Flavour sym.;
- bSM? -B,L; )y
# Finite # of indep. parameters in each process:
E.9. Higgs decays ’
All terms allowed!
# EFT Limitations: light new particles e oA
: : H) = e0(Cv + Cymsvpun
£.9. Exotic Higgs decavs S A
HYY = &(Cs + Clyys)vpn + He.
H;N) = é%((&- + C’T'ys)uﬁ%n +H.c.
[In collaboration with Cirigliano, Graesser, Naviliat-Cuncic, [Le”_ By Lz Sa 01]
Martin-Camalich, Isidori, Marzocca, Greljo, ...] A
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Beta decays

Precise data
Precise SM predictions

[Remember... V., =0.97425(22)]

N —N'e*v

) = e9,(Cy + Cirs)vpyn

—&7,75(Ca + Cys )vpyuvsn + Hee.
HYY) = &(Cs + Clys)vpn + Hee.
Y = é%(CT + C&«ys)uﬁaﬂn +Hec.

V2 V2

[Jackson, Treiman & Wyld'1957]

Question:

Comparison with 7
pion decay? -
LHC?

Plethora of processes
(nuclear & neutron)
and observables!

/[ Wichers ef al. 1'987,
Carnoy et al, 1991] |

[Johnson et al. 1963]

_04 L L L N L
04 -03 -02 -01 0 01 02 03 04

id
Ca

[Severijns &
Naviliat-Cuncic, 2011]
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Beta decays vs LHC

# What about pion decays? LHC searches?

{ Recipe: Build & match the corresponding EFTs. ]
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Beta decays vs LHC

{ &

I

B
X

A
S S 0]

a

R

~ GeV

NP
sm
Less. = Lsym +
AGRV;;
Lout-5, = — \% 2
ET,N, =

L’ (x) = L(SM-fields, bSM-fields)

[Buchmiiller-Wyler 1986,
Leung et al.’1986]

1
anioi

[Cirigliano, MGA, Jenkins 2010,
Cirigliano, MGA, Graesser'2012]

Ly - aytdr + Z egs [,,Fz/ -al'ds
poT"

£ =f(aj)

C, = (Form factor) x g;
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Beta decays vs LHC

i o '
.‘; 74 XL

s

BN
g < <

1 @

~ GeV

A
S S 0]

L

a

SM
AGRV;;
Lout-5, = — \% 2
ET,N, =

1
Less. = Lsym + el Zaioi

[Cirigliano, MGA, Jenkins 2010, £ = f(a )
Cirigliano, MGA, Graesser’2012] g J

NP L™(x) = L(SM-fields, bSM-fields)

[Buchmiiller-Wyler 1986,
Leung et al.’1986]

Ly - aytdr + Z egs [,,Fz/ . EI‘d‘;:l
poT"

C, ~((Form fact@x g

Crucial input!
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Beta decays vs LHC

, N
| w
oW e ot f N () ) (SM-fields, bSM-fields) :

% Iyl [Buchmiiller-Wyler'1986, l

9 1 1 Leung et al.’1986]

; ~1Tev SM 1 '-
¥ >VV\VN\< >'< — Ceff»:£SM+FZaioi ‘
‘ [

[Cirigliano, MGA, Jenkins 2010, _ : ]
i @ @ @ Cirigliano, MGA, Graesser’2012] & f (af ) §
] 4GpVii |- _
3 >< >-< Larut-e = — \% L Oy - wytdr + Y b z,,ru.ards] l
! ~ GeV P
§ @ @ C, ~(Form fact@x g §
'y Cructal tnput! ‘
k X >< E""N ’ PS: connection with M,-M, 3
3 [ ) (talk by L. Lellouch)
N A M o R o o i (M“-Mp)gm
8s =
m, —m,
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[MGA & Martin Camalich,
Phys. Rev. Lett. 112 (2014)]



Beta decays vs LHC
Neutron (future)

+ Form
factors

(gs,1)

] Superallowed
nuclear p decays
(Hardy & Towner, 2009)

Re(es)

-0.005

B decay
! (global fit
-0010 o [Wauters et
—0.003 -0.002 -0.001 0000 0001 0002 0003
Re(er)
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Beta decays vs LHC

Neutron (future)

+ Form
factors

(gs.1)

Re(es)

—0.0IOZ. —

~0.003 —0.002 —0.001 0000 0001 0002 0.003
Re(er)
i: .. S
m—evy 1T L,
(PIBETA2009) 5=
- Bychkoy l, 2007
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Beta decays vs LHC

Neutron (future)

r
+ Form
. factors .
(gs.1)
Superallowed
nuclear p decays
& <
4 ‘
. ; -0.005
[Lazson [
J P
-0010 il )
v —0.003 —0.002 —=0.001 0000 0001 0002 0.003
Re(er)
e

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)]
[Cirigliano, MGA & Graesser, JHEP1302 (2013)]
[Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin, PRD8S (2012)]
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Beta decays vs LHC

0.010

Oct’2011

0.005

0.000 { @
23
-
~0.005 ~0.005
0010 g L 0010 — il )
—-0.003 —=0.002 -0.001 0000 0001 0002 0.003 —0.003 -=0.002 —=0.001 0000 0001 0002 0.003
Re(er) Re(er)

= We are benefiting here from the advance in the FF determinations!
= Conclusion: S,T are at least ~1000x weaker than the V-A Fermi interaction.
M2
g ~—"—=>M,, ~2TeV
MNP




EFTs and Higgs decays

ATLAS Prelim. [ty Tl sy
m=1255GeV | ;’f;vm’ =10

Q}B‘“Q\g

# Finite # of parameters: useful to analyze future Higgs data
(systematic generalization of the “signal-strength framework”)

# Instead of Wilson coefficients (basis dependent and linear vs non-linear)

we propose a set of pseudo-observables.

ferevfiassasn' 05 0 05 1 15 2
R P Signal strength (1)
h—ete utu~
r QmZ v —W! .
Ao =i Z > Fuh)Fwf )T (@, 0) .
B f=fofr =11tk . Z 7
/ / Qe 9" — e'a” ’ M7 Gap iy - -
T"(q.0) = |F{7(@.8)9"™ + B (6. @)~ + F{(¢}. ) —3" 4
Z my z)
‘ ¢
1.0 Vi
FIY (¢, 6) W+@g R
’ Z(qi)PZ(q2 PZ(Q%)
F{f(¢.¢) = gzgz eQ"gZ IMP:
v 2(a) Pz (a3) PZ(‘h g! are pseudo-
observables (Z—ff
@) - Q 7 Qs “n
’ 2(a?) Pz (3) BPsad) T A=i Y ghe S
f=fr.fr

W

[MGA, Greljo, Isidori & Marzocca, 2014]



EFTs and Higgs decays

+ -+, — h — 4M
h—eTe pp = 11 pseudo-obs. h — 4e
+ [
h— e "Vep Uy s 7 pseudo-obs. h— vy
h—eTey
h — 2e2v, 2u2v )+ 2 pSeudo-obs h— T~y
e = ” 7 0.15]
# Linear EFT: 20 ==> 14 parameters 005 }

# Flavor universality + CP + Custodial sym: 20 => 15=>10=>7

-0.15] -
07 08 09 10 11 12 13

Kz

# The pseudo-obs. can be extracted from kinematic distributions

# The pseudo-observables can be expressed in any particular EFT. o
E.g. Linear EFT ==> Correlation with Higgsless processes!

i‘ = e s ‘*J -001

[MGA, Greljo, Isidori & Marzocca, 2014]

020 40 60 80 100 1
my (GeV)

M. Gonzalez-Alonso EFT analyses of NP 8/10




EFT limitations...

# Light new particles are not ruled out!
(historical example: neutrino!)

#+ Exotic Higgs decays?

+ Tiny Iy ;
# 0(500,000) Higgses produced at LHC7+LHCS!
#  BR(h>BSM) could be as large as O(20-50%);

[Belanger et al’2013, Giardino et al’2013, Ellis & You’2013, ...]
#  Can be connected with some anomalies (g-2).

#  Low-energy QCD effects can be important;

# Discovery potential: worth searching!
Current cuts: 12 GeV!

[MGA & G. Isidori, 2014
Davoudiasl et al’2012-2013,
Curtin et al’2013,

2P v 1%
‘ z é} AAA
Falkowski & Vega-Morales, 2014, ...] . J/\ e

Events / 1 GeV

s V8-7TeV, L5115 y-8 TeV, L- 10.715"
T T

T T
1215<m, <1305 Gev ° Da

6f Wz B
Ozvzz

[Im,=128Gev

o s
15 20 25 30 35 40 45 50 55 60
m, (GeV)

More spectacular signals!

10 20 30 w0 GVl
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Summary

# Nice tool to study the interplay of diff. searches:
E.9. Beta decays vs. LHC

Effective Field Theory
1

Fields + Symmetries
# Finite # of indep. parameters in each process: 002

. : neutron

E-g‘ HLSSS de.c&js (future)
001

L. ) ) _ nuclei
# EFT Limitations: light new particles 2 000 HC
-4
£.9. Exotic Hiqqs decays
9 ER] J oot
o0 ‘_gﬂ_; pion
‘—0.004 -0.002 0.000 0002 0.004
Re(er)
.
Merci beaucoup! ey
15|
10|
5
[In collaboration with Cirigliano, Graesser, Naviliat-Cuncic, / .
Martin-Camalich, Isidori, Marzocca, Greljo, ...] io 3 ] o mulGevl
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Example: beta decays

|Ci~ g X &

% Non-standard form factors:

0,015

Sogfgs = 10%

0,010

&s
o
g8

Se/g = Herczeg 2001
~0.005' |
-0.0004 -0.0002 0.0000 0.0002 0.0004 0.0006

er

(p(pp)| ad|n(pn)) =

gS(qz) Tp(Pp) Un(Pr)

1.8 - T T T
o1 Ny=2 TM+clover (ETMC) = Ny=2+1 clover (LHPC)
161 e No=2t1+1 TM (BIMC) o Nj=2+1 mixed (LHPC) |
s 1«{}’=2+1+1 mixed (PNDME) N;=2+1 DW (LHPC)
14| i Sy /6mg (LQCD avg) |
o 12 T 4
R
N 10 E . s 1
< 08 }} + bl
% 06 L 7
04 B
02 |
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0.10 5 0.20 0.25 0.30 0.35 0.40 045 0.50
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my (GeV) AM
9 [
(M, -M,) 1}
n P/ocp > 0 Total _QCD.
8s = < e
m, —m, -1 L
-2
Oy (uy"d) = —i(mg — my)ud -3k

[MGA & Martin Camalich,

[BMI13]

Phys. Rev. Lett. 112 (2014)]
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LHC limits on egq

SM background NP (EFT)

P P
—_— W
i + R.C.| +

[MGA & Naviliat-Cuncic, 2013]

LHC7, 5 fb™!

*les|

E
:
:

.02t :
500 00 —0.004 -0.002 0.000 0.002 0.004
xlerl

My [GeV]

PS: Similar interplay
in the near future
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