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# Introduction & EFTs

# Generalizing the kappa framework to analyze Higgs data:
Pseudo-observables in Higgs decays

# Linear EFT:
# EW bounds on Higgs PO;
# New Physics room in h — 41?
# What about h — 212v ?

# Conclusions
[MGA & Isidori, PLB733 (2014)]

[MGA, Greljo, Isidori & Marzocca, EPJC75 (2015)]
[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]
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Introduction

# After the discovery,
we enter a high-precision Higgs physics era.

# How to analyze exp results?
How to pass them to the theory community?

# Extreme case (no theory bias):
all available experimental info...
we wouldn’t know what todo!

# The other extreme (max theory bias):
assume a simple model with 1 free parameter P, analyze all
Higgs data and extract P.

EFT approach is useful...
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EFT at the EW scale

| NI ELLE B L= L(6.01) :

13
& >\X;vw< ><~1Tev SM

posa el i TP N R . S B Tk AR v T e i e ies e N B e posma: _ . e - .
i : Wilson coefficients.
They encode the
. . A-scale (k ?
EFT = Symmetries + Fields scale (known?)
physics.

- Lorentz; -9, u, da ], e
-SU(2) x U(1); -W,Z,v, g
- Flavour Sym? -h SU(Z) doublet?

-B, L; - No light NP

(+ Power counting)
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EFT at the EW scale

y w el ~ 10TV NP ]

L >ww< > < : L= £(¢7 ¢A) '
S

>\X;vw< >< ~1TeV SM

- - - S o e - . oo A PR v T e o - P . oo A
. B =, S -y ” ey - ste Ry- . B v =, S xgh ” 4 ey _ st Ay _ B e _ s 8 . =
—— ¢ - > . Al ¢ — - > > L= — > o5 HE2 =Y

4 O(m?, E2, mE +
A2

- Lorentz; -9, u, da ], e

Validity of the EFT:

- SU(2) x U(1); -W,Z,y, 8 E <<A

- Flavour Sym? -h SU(Z) doublet?
_B, L; - No light NP (Higgs decays: E << Mj, << A)

(+ Power counting)
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EFT at the EW scale
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-SU(2) x U(1); -W, Z
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-B, L; - No light NP

(+ Power counting)
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Introduction

S— .
# What was done in run 1? Kappa framework -‘:rg:m'"‘ - b
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Introduction

# What was done in run 1? Kappa framework

g _ %%y

o(ii — h+X) x BR(h — ff) = 0j;

p = R e e —— TTTTEe—— ___,‘\\
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Higos pseudo-observables

# We need a larger set of “pseudo-observables” able to characterize NP in the Higgs

sector with the least theory bias.
[D. Marzocca, DIS2015]

e
s -k FF

4 PPy +h.ec

+ ¥ Yy ¥ b

AZ@E) = fh=i Y, gheu S I PPN,
f=fL.SR >
Realistic Pseudo Lagrangian
Observables Observables parameters
Raw dala, Pole masses, decay widths, COUF.) ings,
. : P running masses,
Fiducial cross seclions, kappas, distributions, elc.. : .
olc Wilson coefficients
efc ...

PO encode experimental information in idealized observables, of easy theoretical
interpretation. This approach is old: developed at LEP to describe the Z properties.
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Pseudo-observables in Higgs decays

[MGA, Greljo, Isidori & Marzocca, 2014]
f.y
2-body decays: ‘<

- _ __ _ _ =

—_—

= - . — ,7,r,7'——+‘ﬁ\.

| Alh = (0, (¢ ] = iTmequelen (9™ 4 —d"d") + €y 7 apd5) |

T 4;‘

I
| 2 , | .CP|2 |
L Thoyy) =P e+ |
N e’
fr— —— e ——aeN
Al A T B P AY f o INF |
| Ah— ff) = /o (s + iyp) frfr+ (Us — typ) frfL |
| ,“t

i
T =P P bl J
\ e~

# Polarization information needed to disentangle both contributions.
If the total rate 1s all we have ==> kappa is enough.
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Pseudo-observables in Higgs decays

[MGA, Greljo, Isidori & Marzocca, 2014]

# Let’s focus on h—41
(where the limitations of the kappa framework are more relevant)

Assumption #1: Chirality-conserving interactions

h

Process deseribed by the green function of onshell states:
OIT {J% (x), J5(y), h(0)} |0) | Jf(@) = fl@)r"f ()

... which also affect production (VBF, Vh)
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Pseudo-observables in Higgs decays

[MGA, Greljo, Isidori & Marzocca, 2014]

# Let’s focus on h—41
(where the limitations of the kappa framework are more relevant)

Assumption #1: Chirality-conserving interactions

2mZ S f o h
e Z Z evae) (s x T (q1, q2) |
F e=er.en n=pr.nr |
Lorentz symmetry
_oag B ’*
— ' 2\ af ¢ 2 2.491°492 9 q2 g1 C 2 9 e? q2p41 |
I T B(C_Z1,C_I2) = Fl(“(ll 2)9" +F;/( 1,492) 2 +F.1“((1|-(1'_>) m'*’,) .
| Z Z ‘

==> One could simply extract FFs but it requires an enormous amount of data
& general considerations (EFT!) tells us quite a lot about them...
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Pseudo-observables in Higgs decays

[MGA, Greljo, Isidori & Marzocca, 2014]

# FF form?
- o 4‘ - il B B ( -( (““37(* N (
| T (g1, q2) = F{*(a} )9 + F5*(a}, a3) = ‘/7_,,2.2 2N FM(eh,6d) ,,.,.,If"“” |
— _ o ‘;“t/
o fl‘/'/’/' €ze 97 €Zp .(/'z‘ Pole cl.ecom[msi&éov\
T Pz(q})Pz(q3)  m% Pz(g3)  m% Pz(q7) + EFT expansion

i P
h
Hﬁ e

m . .
K\ J}L r Jf negligible

PS: Absence of Light states Ls eructal...
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Pseudo-observables in Higgs decays h—ete ' p

D ——

[MGA, Greljo, Isidori & Marzocca, 2014]
Leading NP effects (linear & non-linear EFT):

QmZ Yo Y (Evae)(van) x

vp €=€[,.€R W= MR
i (
(I/(// 67( 97 €Zu Yz ) al
T + g+
[( “Pr(@)Pz(g3) m% Pz(q3) =~ m% Pz(q})
g7 eQ,, g% eQ.q" e20,( (9 ( @0 P
( 1/11 + Kz 1L< 2Q;:.J42 4 Q7 )Jrh,? (SMIL e 2p> 2 9% — @q”
7(a3) Pz (¢5) @3 Pz(3)  aiPz(a3) 43 my
((P ‘l/’lz n C‘P( eQu97 n eQe9z ) . cp€ QfQ,,) g*Ppo (1‘2n(lla]
€77 €. ‘
2(a}) Pz (q3) %Pz(q})  qiPz(g3) 7 4ig3 m?,
Py(¢*) = ¢* = m% +imyl'y
1%
e]'/ t] / g~ ~
, c]}ll l " “
h 1 ' K
b _ Db + ~—q/1; + +4 ;
. N,
\ o \ J -

negligible

PS: Absence of Light states Ls cructal...

M. Gonzalez-Alonso PO in Higgs decays




0
. . o™ P
Pseudo-observables in Higgs decays h—eve " p

e ——

[MGA, Greljo, Isidori & Marzocca, 2014]
Leading NP effects (linear & non-linear EFT):

2”"2 Z Z (evae) (17 8k

- Only source of flavor dep.

1) X

€=CL:€R I‘ l‘, I‘R ‘ : “4 o

92¢ €ze ) 0" ,

( }/ 2 +:7‘ Z _ 1\
Py (47)Pz(q3) % Pz(q3

( ‘//‘1[ + K7 6%“ 1L< ‘Q;:Jz n "Qe‘lg ) - SM-1L € QLQ;:) -q2 g™ (1‘2"(11"3+
U ) m2
Z

7(a?)Pz(q3) a3Pz(a3)  4iPz(q3 Y des
(P (1/(/4 + ((‘P ( CQ[I.(/(Z CQC.(/Z ) CP CQQ(:Q/!) 5n‘im(1‘2/)qla]
ZZ A

7(a3)Pz(g3) "\@3Pz(¢?)  qiPz(q3) T glqd

T ”
h b y 2 J;: ., &
g \ " J;

PS: Absence of Light states Ls eructal...

2
IHZ

PZ((I?') = q2 - 'm.22 +imyzl'y

negligible
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Pseudo-observables in Higgs decays h o eTeutu

[MGA, Greljo, Isidori & Marzocca, 2014]

Leading NP effects (linear & non-linear EFT):

277?2 Z Z ( ”( /l /’;i/l)x

€=€r.€ep 4= I'l MR
959" €ze 7 €z 9 i
Nrd T St )
- ((ZZ (1)‘/(” .) M-lL( eQ.9% N :fQ,,__(/Q )
P7z(47)Pz(45) N\, %Pz(a7)  4iPz(3)) \L
(S s+ 5 (il ) sr“zQ«Qﬂ) ]
Pz(q7)Pz(qg3) "\a3Pz(q7)  qiPz(g3) 7 4ig m?,

— _ — I — ——

C gé are LEP pseudo-observables (Z—1f); s M A=i Z 7 cu S
'+ POs defined at the amplitude level (PO # WC); | I=fu.SR

r} # K-framework limit: & = 0; ,

' # SM limit: «i = 1, &= 0(0.001) ~ 0; (1‘

\ » Diff. distr. modified! /\

\\ — — — ———— - — e - —s— - ———————————
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[MGA, Greljo, Isidori & Marzocca, 2014]
Leading NP effects (linear & non-linear EFT):

QmZ Z Z (évae)(fiyap) X

€E=€L.€R \=HL.MR

H (
(//(// €Ze 97 €Zu Yz ) al
T + o Sy
[ ( Pz(‘h )Pz(q3)  m% Pz(g3) m% Pz(q})
+ (rzz '(IZ'(IZ + Kz 654\1 1L ( eQuy7 € Qf”/le ) \%M 1L € QcQu) g2 g™ ‘1‘2‘)qld+
9 9 | yy €

Pz(a7)Pz(q3) ! a3Pz(a})  4iPz(a3)) \.J/" 41493 m%,
aps (F(Zz .(/%!l,'/j + (gp ( CQI‘-(/Z n ('Qc-(lZ ) e _ ) 0l Bpo (12/)(1“1]

Pz(q?)Pz(q3) "\&3Pz(q?)  4iPz(g3) m%

h — vy
9 ,
/) . SM-—-1L

Alh = v(q,e)v(q,€)] = zUF €,€v ‘H;W)W

M. Gonzalez-Alonso PO in Higgs decays




0
. : e + o= -
Pseudo-observables in Higos decays hoelenn

[MGA, Greljo, Isidori & Marzocca, 2014]

Leading NP effects (linear & non-linear EFT):

2,,,,2 z Z (e7ae)(f1yat) X

UF  oZer €R U=HL MR
€ M - (
VA VA €Ze Yz €Zu Y9z al3
[ ( Pz(q})Pz(q3) m% Pz(q3) m% Pz(q})
+ | ez 9297 SM-1L ('Qu(/Q eQed . _SM-1L°€ QcQu g2 9 — @%q1”
ZZP NP (02 + KZz~€Z, P, 2D, (02 + Ky €5, +
7(a7) Pz(q3) @3 Pz(3)  aiPz(a3) Vs my,

. ah 2 ~af
- <((Z§P (’//’// n CP( eQun95 4 Q9% ) +F(~p€: Q,,Q,,) e f’”({g,,q](,]

) Pz(3) T \éPz(q})  @Pz@3)) 77 4l m%
, h — 4pu
# 11 pseudo-observables; h — 4e
' + No new POs needed to describe. —fr===— f]_.'ifi h — vy
h—ete
h— p ™y
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Parameter counting & symmetry limits

Neutral currents
h — ete Ut
h = pturutr
h — eteete
h — yete
h— yurur
h— yy

KZZ s KZ~s By €ZZ

cCP CP CP
€Zy vy €27 >

€Zer€Zep€Zur € Zup

[A. Greljo's talk at Portoroz’2015]

Charged currents
h — eturvv
h — eutvv

CP
KWW, €EWw,€Eww

Wes €Wy (complex)

|

N. & C. interference

h — ete'vv
h— uutvv

€Zves €Zv,
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Parameter counting & symmetry limits

Neutral currents
h — ete Ut
h = pturutr
h — eteete
h — yete
h— yurur
h— yy

KZZ s KZ~s By €ZZ

cCP CP CP
€Zy 69y €27 >

€Zers€Zep

)

[A. Greljo's talk at Portoroz’2015]

Flavour universality

€Zv.

EWep,

€Zer, = €Zuy,
€Zern = €Zug >

= €EWpy, -

Charged currents  Kyw,e€ww, €
h—= etprvv €We (complex)
h— eutvv D
N. & C. interference
h — etevv “Zve _
h = uutvv g I

: 1 |

M. Gonzalez-Alonso
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Parameter counting & symmetry limits

[A. Greljo's talk at Portoroz’2015]

N. & C. interference

Neutral currents Charged currents KWW s EWW
h — e+e-u+u- h - e*,U'VV GVVQ,

h = pturutu KZZsKZys Byys €27 h— e utvv

h — eteete

h — yete €Zer>€Zen

h — ete'vv €Zve

h— uutvv B

h— yurur
h—yy

Flavour universality

€ZeL - 4
CP conservation

€Zep =
e CP _ CP _ CP _ CP  _ Tiee — Teneer.  —
B €77 =€z, = €. = ey = lmey,, = Imey,, =0

€EZv. =

EWer, — €EWpy, -

M. Gonzalez-Alonso PO in Higgs decays




Parameter counting & symmetry limits

Neutral currents
h — ete Ut
h = pturutr
h — eteete
h — yete
h— yurur
h— yy

KZZ s KZ~s By €ZZ

€Zer€Zep

[A. Greljo's talk at Portoroz’2015]

Charged currents
h — eturvv
h — eutvv

€EWe;

N. & C, interference

h — ete'vv
h— uutvv

Flavour universality Custodial symmetry

2
) ‘ * EWw = Cup€zz + 20! SuGZ'y + 826 .
e — cpP 2 CP 2 CP
* ey = C ufzz + 2CySw Qa, T Swéqyy
€7 o CP col
Z€R cpP CP cpP CP : .
€ — EZZ — 62,7 — 6,7.,,’, 6“ ! Kww —RKzz = —(— (\/E(:‘,Vc;‘ -+ 2(.",(:'2(,}‘) .
Ve q
Cus
EWer, — €EWpy - *ﬂ-wa = 7‘2(624 - er;) ;

Y (Accidentally) true in the linear EFT
Linear-EFT can be ruled out uging only Higge datal




Relation with Higgs-less processes:
Linear EFT

* EW bounds on Higgs PO;
* New Physics room in h — 41?2
* What about h — 212v ?

[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]
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EFT at the EW scale: tinear eFr

¥\ ot

| >WW< >.< 10 TeV NP [ = £(¢’ CbA) |
1Te 1 1
>‘X’v"‘< >< = Lepr(z) = Lsu(a) + Ls(2) + S Le(x) +

- - - S o e - . oo A PR v T e o - P . oo A
. B =, S -y ” ey - ste Ry- . B v =, S xgh ” 4 ey _ st Ay _ B e _ s 8 . =
—— ¢ - > . Al ¢ — - > > Asin ¢ — > o5 L 3

- Sy _ ) ) c = q = Sy _ - - S . o~ __ T . _ o = Q -

EFT = Symmetries + Fields

- Lorentz; -9, u, da ], e

-SU(2) x U(1); -W, Z

- Flavour Sym? -h SU(Z) dOUblet? ]

-B, L; - No light NP

(+ Power counting)

M. Gonzalez-Alonso PO in Higgs decays




EFT at the EW scale: tinear eFr

NP

: >\vav< >.< ~ 10 TeV

\ l l

D -~ 4
= v - - - -

s

# Minimal & complete basis: 59 dim-6 operators.

[Buchmmuller & Wyler, 1986]
[Leung et al., 1986]
|Grzadkowksi et al., 2010]

o1 0
T /2 \ v+ h(z)
;\A a
Dy =13, —ig;—-G; —ig—W; —ig'Y B,

M. Gonzalez-Alonso
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EFT at the EW scale: tinear eFr

H*D? and H° FAH? Vip?
Oy | [Bu(H'H)]®  O.| -(H'H-%)eHY Oy | ¢2f*G2,GLGE,
Or (1{*5,:11)2 O. | —(H'H - 5)alllq Oz | 621°G2,Gh G5,
Ocny | (H'H)® Oq | ~(H'H - %)dH'q Oz | g Wi, Wi,WE,
Ogiv | g€ Wi, Wi, W,
VZH? FRH?D fAVHD
Occ | EHHGLGS,  Oue | ibydH'DH — Ouy | gloed HW),
Ops | LH'HG:G2, te | il H'GDLH O | glo,eHB,,
Oww | SHHW, W, Oy | ieveH D.H Ouc | 9ui0, Toull G2,
Ogw | SHHWI W,  Ou, | igrqitDLH Ouw | gdouuc' HW:,
Oggs ’;H’H BB, O, | igo'v.qH' o'D,H  Ous | ¢doufl B,
Owi | CHHBLE, Oy | iuyuH'DoH Ouc | 9+G0, T*dH GE,
Ows | o¢ H'G'HWi,B,, Oys | idvdH'DH — Ogw | gdo,udo'HW),
Ois | 99 HI G HW),, B,y Opua | iy, dH'DH Oun | §'G0,,dH B,,
(LL)(LL) and (LR)(LR) (RR)(RR) (LL)(RR)
Ot (Evu8) (E,.8) Oce (€vue)(évue) Ose (Ev,) (Evue)
Oy (@7:9)(Gv.q) Ou (Uryu) (@y,u) Ox (€ €) (Tiy,u)
O | (@Wwo'e)(@ro'e) Oua (dv,d)(dv,d) o (£4,6)(dv,d)
Oyq (E.6)(vu9) Ocu | (Evue)(iyu) Oge | (@7u9)(Evse)
O | (Eyue'f)(Gyuo'q) Oca | (Evue)(dud) Ogu | (G709) (iiyuu)
Ogugd (¢’ u)e;(g*d) Oua (yuu)(dvyud) Ofu | (@1uT7g) (1, T"u)
Olyos | (@ T u)ejn(@*Td) Oy | (@y,.T*u)(dy,Td) O | (@vu9)(dv.d)
Otequ (Fe)esil(gtu) Oy | (GvuTq)(dy,T2d)
O | (Eonne)ei(@ o' u)
Otedq (Fe)(dg’)
L ———— —

warsaw basts:
59 ops,
2499 real couplings;

|Grzadkowksi et al., 2010]
[Alonso et al., 2013]



EFT at the EW scale: tinear eFr

Correlating measurements (or how to play the EFT game)
= S —— Snminsivan e ,*‘:\‘

_— — —

-
— S— — = -

P>

4
4

# Choose your EFT, e.g. linear EFT

# Choose an operator basis {O1, Oo, ..., On}, e.g. the Warsaw basis |

Lett = Lsm + 2 i O; 1L
# Calculate the observable you like in the EFT, )
‘ e.g. ['(h—4e) = ['(h—4e)su + 2 ciai= [ (h—4e)su + 301 - as 5
~ » What are the known limits on the Wilson coefficients?

\ e.g. from LEP... o; =0.001(3), o2 unkown, ...
| More precisely: ¥ with (LEP) measurements gives you central values and error matri»

[

|

1
A
|

(
# Implications for your observable? |

e.g. error matrix — 3o - os = 0.02(4) jl

* ~ 4% sensitivity (th+exp) to be competitive (or to check a LEP anomaly); d

| # A deviation larger than that indicates some wrong assumptions in your EFT! )/

M. Gonzalez-Alonso PO in Higgs decays




EFT at the EW scale: tinear eFr

Correlating wmeasurements (or how ko play the EFT game)

Equivalently (& more transparent)

# Show analytical relations between pseudo-observables;

# Do the error analysis afterwards;

M. Gonzalez-Alonso PO in Higgs decays



[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

: Q}a“\\)\g'
What’s the room for NP in h e K77 Ky Ky €27 -
Higgs decays taking into — I cp cp cp

€Z~ € €27
account LEP results? vty

€Zer€Zep+€Zur€Zup

M. Gonzalez-Alonso PO in Higgs decays




[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

: et
What’s the room for NP in h + -, +,, - K727 K Zrys Kgys €27

Higgs decays taking into — — L cp cp P
account LEP results? |

€Zy 6y 222

; €Zer€Zep+€Zur€Zup

LEPI pseudo-obs.
A(Z—>4£) Ale e —>W-IW+)

M. Gonzalez-Alonso PO in Higgs decays




[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

What’s the room for NP in
Higgs decays taking into
account LEP results?

Only flavor dep.

O ( 10_3 [Efrati, Falkowski &
Soreq’2015]
» Flavour univ.
derived from data
(not imposed!)

M. Gonzalez-Alonso PO in Higgs decays



[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

Higgs decays taking into
account LEP results?

LE?

0.1

GZe R

What’s the room for NP in

I

0.0}
—01[

—02F

------------------

95%

I . -
, o 1
8% [ |

_03} 99.7% [
L r -
——(h—>2e2u) ----- -
FSM"
o4l .
-0.8 -0.6 -04 -0.2 0.0
EZCL

KZZsKZ~s Kyy €ZZ

cpPp CP CP
€Zy 6y 222

S S i
e

LE? II [Falkowski & Riva’2014]

3817 ~0.83+0.34
Sk, | = [ 0.14+005 |,
Az 0.86+0.38

I —0.71 —0.997
p=1|. 1 069 |.
o 1

Accidental blind direction:

Az =~ —081.:

M. Gonzalez-Alonso

PO in Higgs decays



[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

What’s the room for NP in
Higgs decays taking into
account LEP results?

107 102 €2¢, (—0.32(13) 10.9960.72 0 0
¢ (EZeR\ —0-17(7)\ (- 1 077 0 0 )

| &zz | = —0.19(7) p=1- - 1 0.190.01 ’

| ey 0.000(11) - - - 10 )

L\ e J \ oo031) / T
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[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Linear EFT predictions for h — 4¢

What’s the room for NPin ¢ + - 4+ -
Higgs decays taking into — I
account LEP results?

Large effects on total decay rates allowed,

but huge correlation between 4e, 441 and 2e2p
(consequence of flavor univ,

which 1n turn 1s a consequence of the linear EFT!)

Best fit ®
(€ZEL; EZeR) € Rgs9, -
(EZeL; EZeR) € R95%

T/ o (h = 2e 2p)

M. Gonzalez-Alonso PO in Higgs decays




[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Linear EFT predictions for h — 4¢

\e-
0
What’s the room for NP in o X
— e

Higgs decays taking into —
account LEP results?

0.100

Small effects in
the shape!

< 0.050|
>

AF4Ge

0.010¢

I' /Ty (h—-4e)

0.005
Best fit ® 0

(eZeL; EZeR) c R68% - 4 1.150

1.100
- ____________(e_ZeL_’_EZfR_)_efzf”_"/"____ % 1.050

;5 1.000
] % 0.950}
............................. ] & 0.900}

4 5 6 7 0.850}

0 2IO 4I0 6I0 8I0 100
I'[ T (h > 2e2up) mi> (GeV)
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[MGA, Greljo, Isidori & Marzocca, work in progress]

What about h — 2€2v ?

CP
Charged currents  kww{eww, fww)

What’s the room for NP taking

, h — eturvv .
into account LEP results? h— o Lﬁ v ‘We, €W “L_ﬁ?
B
N. & C. interference
h - e+e-vv ((:Zl/?) GZU#>
h— uutvv § ol
//,/ . — —— e — *t':::“:,_,\ '
“ 6Z:VPW = CwGZZ = 2Cu)9u'€Zy + Sweygp_ -F(T'C.C, h—byv/z,v)
| €y = CquZZ -+ 2cw5we y T SuE s ‘é‘

; Cw
\\\iWe‘L NG €zvi T €z} Y,

M. Gonzalez-Alonso PO in Higgs decays




What about h — 2€2v ?

[MGA, Greljo, Isidori & Marzocca, work in progress]

What’s the room for NP taking
into account LEP results?

- = = - =

vgefva = CquZZ -+ 2cw5we

| Cw

€ =
We
N b

+5

Charged currents
h — eturvv
h — eu*tvv

CP
KWwwiEww , wa)
EWes €EW s

ﬁ

B

N. & C. interference
h — etevv
h— uutvv

(EZVC ’ 62”")

===

\\\

\ 2 2
“ EWW = CwGZZ = 2Cw5‘w€Zy + Yu,eygpz -]C(TC'C,, h—byv/Z,y)
w€yy

M. Gonzalez-Alonso

PO in Higgs decays

o}

F Az#vb

03 |
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[MGA, Greljo, Isidori & Marzocca, work in progress]

What about h — 2¢2v !

. Charged currents Kww i€ eSH )
What’s the room for NP taking P —+gé+u-vv WWWW-Swwp

: 9 EWes €W s
into account LEP results® h— ety ﬁ

0.500

N. & C. interference

0.100} h — ete'vv
_0.050f h = uutvv
:
22 0.010¢
<

0.005¢

0.001 ¢

/

ool Not small effects!
5 1.500 &

Eﬁ 1.000
E 0.500 Bestsfl':/tI :

(we: €wy) € Rosq,
0.250p (weomochonwm
0 20 40 60 80
me, (GeV)
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Not assumption-independent. .. gxotic Higgs decays

#+ EFT-based approaches neglect new light states. ..
which are not ruled out & indeed deserve their own separate attention
» Tiny Iy ;
# 0(500,000) Higgses produced at LHC7+LHCS!

# BR(h=>BSM) could be as large as O(20-50%);
# Can be connected with some anomalies (g-2).

# Low-energy QCD effects under control;

AF4G:V /Eot

# Discovery potential: worth searching!

[Davoudiasl et al’2012-2013,
Current cuts: 12 GeV! Curtin et al’2013,

MGA & G. Isidori, 2014

Falkowski & Vega-Morales, 2014, ...]

M. Gonzalez-Alonso PO in Higgs decays




Summary

Effective Field Theory

# Set of PO in Higgs decays as a convenient & general N
way to encode the experimental results; Fields + Symmetries
(generalization of the kappa framework)

# Daifferent NP hypothesis testable;

# LEP implications for some Higgs decays analyzed:
- strong correlations between channels;
- implications of the LEP2 flat direction;

# Full complementarity between PO & EFT:
# PO = input for EFT analyses

# EFT = predicts relations between Higgs POs (& LEP CTTE T e e @
POs) that can be tested miz Ge)

Merci beaucoup!

M. Gonzalez-Alonso PO in Higgs decays
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[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Pseudo-observables in Higgs decays (Lnear EFT)

002 T T T 1 05 T T T T
I Az #0 Az =0 :
i ] l
|
0.00 100f T ]
L — /&;
, S 3
_ ~ i ]
& & IS =
-0.04 ~ 1%~ 0.90} ]
[ ' .
Best fit ®
I (€2, » €2e5) € R
~0.08 [ s ) @ Rog - 0.85} Best it ©
e et i Y A ] g, 5. oy : 68% 95 %
. e S } : g, Oy, ez, - 68% I 95% I
0408 06 -04 02 00 008 ' ' ' ' . . . 0.80 ' ' ' i
T The A e ' -0.08 -006 -004 -002 000 002 4 5 6 7 080 085 090 095 100 1.05
EZ 6Z
! " I T (h = 2¢ 220 I/ T (h = 2¢ 20)
Az =0 h—2e2u :\ . e S R T
0.100| | h—2e2 1
;—SM H
I | /M &, € Ry5 4
0.100 0.100 _oos0 B ]
- = lk :. €yy,€2y,€27E€ R95 %
< 0.050| < 0.050} 3
8 E - ;
~ ~ !
< < § 0.010} 1
5
~ 0.005| | ]
0.010 0.010} -
' ’ | w00 0% 20 20 80 80 100
40 60 o 1.050 : : : — 0.001 T
( Bestft Best it —- 1.200 40 60 80 100
€z, €zep ) € % L (EZL,L, 62«,() € Rysq,
% (€re,» €rep) € Ri;:;- EJ 1.025 (€2, €2) € Rz;;- 1.150
< 2 1,000
; Z % 1.100
& & 0.975 ‘é’ 1.050
. . . . 0.950 , , , , g 1000
0 20 40 60 80 100 0 20 40 60 80 100 2 0.950
my; (GeV) my; (GeV)
0.900
40 60 80 100
my; [GeV]
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[MGA, Greljo, Isidori & Marzocca, arXiv:1504.04018]

Linear EFT predictions for h — 4¢£

Taking into account the
other PO, there 1s still
limited room for NP.

“ T T T T T T T T T T T T T T T T T T “ T T T T T T T T T T T T T T
Az#0 h—2e2u Az=0 h—2e2u
0.100; —SM : 0100 —SM
W hkzz=1 - Wkgz=1
<~ 0.050 1.311 POs — 0.050- ;lall POs
% | & Lo
=) S
S N
S S
S =
~ ~
S S
'T ~
. .
L omy>4GeV T'6ev/T ™M 12 Gev € 10.7,1.3] i my>4GeV T2 6ev/T™ 2 Gev €10.7,1.3]
0.001 R T R S R B 0.001 R [ SRR B
1.500 1.5009
1.400 | 1.400
s 1300 S 1300
7 1.200¢ N 1200
= 1.100] 5
= 2 11001
2 1.000f - g "
& 0.900| | e 1.000
0.800 0.900
0.700 0.800 .
0 0
mj; mj;
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