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After Runl

SM healthier than ever
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After Runl

Higgs is here,

lots of rumours, some 3 sigmas
e.g. di-boson resonance at 2 TeV

CMS (unpublished) L=19.7fb 'at {s=8TeV
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After Runl

Experiments are not just focused on Higgs and vanilla SUSY

ATLAS Exotics Searches™ - 95% CL Exclusion ATLAS Preliminary
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Status: March 2015

Model

ty Jets ET™ [raqn)

Mass
L

limit

[L£dt=(1.0-203) b

V=7 8TeV
Reference

Ext

ADO Gux + g/q

ADD non-resonant (£

ADD QBM - £q

ADD QBH

ADD BH high N,

ADO BH high & pr

ADO B8 high multjet

RS Gyy — &

RS Gy Yy

Bulk RS Cux - 22 - ottt
Bulk RS Gun — WW — ggly
Bulk RS Guxe — HH — bbbb
Bk RS gun — tt
2UED/RPP

sions
e e s

N

3 dimens

Ll
-
anuw

Uwires

4

L |

2e.p
e

2p(58)
2leyp

2ep
2y
2ep FATA R
e 2i1J
4b
lep z1b 2109
2ep(88) 210 21)

v

T

rvvevey

T

T

T

L ""
Am?
aw=3INZ
amb
b
® o6 Mo ow TN nonvect BH
@ 6, M w3 TeM non-ect BN
& w6 My = 3T nonect BHY
lAﬂ,‘. o1
AiMpy w01
kiMy =10
AMy =10
AiMy =10
Bl 09

15201510
Hor.2410
1301, 2006
Hos N
1308 4075
HOG 454
Profiminary
Hos41
Proliminacy
OO 6190
15004677
Al LASCON 2001005
N LASCONS 201 5000
Protnmaty

SMZ - U

SSMZ' wrr

SSEMW — &

EGMW' « WZ vl
EGM W™ — WZ — qqlt
HVT W — WH — Ovbb
LASM W, — tb

LASM W) — tb

2ep
2r
1ep
Jep
2'.[1
e
lep
0'.,'1

HOA 41
1502071 77
107, 7408
HOG 4450
109.6190
Frefrminay
o
14080295

Cl 99qq
Cl gttt
Cl wuret

2)
2ep -
2ep(SS) 210 21

1Ceu) =1

Prefrinary
o7 2410
Proferinasy

EFT D5 opecator (Dwac)
EFT DO cpeestor (Dirac)

Qe p z1)
Qe 1J=1j

o 90%, CL b iy ) < 100 G
o 90% CL e miy ) < 100 GaV

15e.0s51
12004017

Scalar LO 1Y gen
Scalar LO 2" gen
Scala L0 gn

2e ,‘2]
2p z2)
teplr intj

=1
f=1
f=1

111240
120,372
1300056

VO TT «Hr+ X Wb+ X
VAQTT 2t + X

VIO BB « b4 X
QBB - Wt + X

Toy = W

lep =21b23)
2:3e.p 20210
2:3e.4 221D

lep 210 25%)

lep z1B2z5)

T (1 8) doudiet
U (ILY) doublet
Iscepin stegit

ATLASCON 2015012
08 5500
OO 5500
Pecleninery
Frotrmnasy

Exched quark ¢" -~ gy
Excod quark ' — g
Exched quark b' — Wt
Exced lepton & — &y
Exciod lopton v' — (W v/

1y |

~ 2j
12 pib2jol)
2epy -
Sepr -

only " and S, A = (')
ondy " a8 d*, A = a(g’)
lofi-tandad coupling
Aw22Tev

Awl6Tev

1300300
HOT. 3%
13011588
TI00 1964
L L) el

LSTCar —«» Wy
LRSM Majorans v
Hoge triplet H** - ¢
HQos trilet H** . (r
Meadtop (non-res prod)
Muls-charged particles
Magnetic monopdles

leply
ee

2e p(8S)
Jepr
e p

A

A

A

ool Wi ) = 2 TeV, no midng

0¥ prodection, BIYH!" — 01
O peodection, BN < fe )
FNa—— L

0¥ prodection, [§f « Se

0¥ peodection, g! = 150

aaaal A A A A

10!

g shown

10 Mass scale [TeV]

Hormso
1200, 5420
Wz oxny
=
14505408
Profeninary
1orean




After Runl

Challenging / excluding many scenarios
as a reaction, theorists providing avoiders
e.g. fasionable

neutral naturalness relaxions

\ scalar I fermion

SUSY CH/RS

Quirky Little

Folded SUSY :
Higgs

singlet ! Twin Higgs (—M2 —|— g¢)HTH

D. Curtin’s talk, CERN workshop Graham, Kaplan, Rajendran. 1504.07551




ome have a feeling of doom

D e

which I don’t share
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Game is just starting, even for
Natural SUSY

e.g. limits on stops

~

tf, production, t— b 1% /T—> c X0 /T> Wb, /T—>t %, Status: Feb 2015
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ICHEP 2014
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Game is just starting, even for
Natural SUSY

Exclusion limit 100% to 2-body Exclusion limit, BR 20% to 2-body
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Belyaev, VS and Thomas. In prep
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combining channels (2,3 and 4 body)
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very limited reach for most of the parameter space




Same goes for HEFT

e.g.Ellis,VS and You. 1404.3667, 1410.7703
one-by-one global
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e.g. extended Higgs sectors =
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Run? more lumi and energy
foundation more precise, better ways of
testing the Standard Model

't Hooft, Veltman, Weinberg...

e.g. top coupling to the Higgs

e.g. total rates to ditferential distributions
H-+jets, VV distributions, shower models




g Run? more lumi and energy h
foundation more precise, better ways of
testing the Standard Model
- /

/

Enthusiasm and dedication of the community

ground-breaking discovery
challenges our understanding of Nature
new particles, new principles

J

e.g. SUSY particles, hidden sector, QG effects,
quasi-conformal strong dynamics...



This is not just wishful thinking
we know the SM is not the ultimate theory

Evidence

Neutrinos Baryogenesis

-

-

Run2 has the potential to shed light on the origin
of these observations
and on theoretical conundrums (e.g. naturalness)

~

/




Where is New Physics?




BUT we are talking about going

From the Higgs, a particle with
- known couplings and a mass in a
 definite range

¥ Preliminary
400

To the unknown

jasonpost.com



http://jasonpost.com

BUT we are talking about going -

=
= 0.0276110.00036

From the Higgs, a particle with | W omeron
- known couplings and a mass in a
definite range

¥ Preliminary |
400

To the unknown

aesthetical arguments as nature




BUT we are talking about going

From the Higgs, a particle with
- known couplings and a mass in a
 definite range

¥ Preliminary
400

To the unknown

The bottom-line

we do not know

what/where New
Physics is

which is what makes this run so exciting



How do we probe the unknown®

Business as usual




Jumping into the unknown

by searching for a resonance or an excess/ deficit

DIRECT

distributions as possible

/as many final states and\

J

if theory motivation:
ask the theorist

e.g. extend sensitivity of
displaced vertices

INDIRECT

(" Effective Field Theory A

mass reach higher than direct
 more theory-inclusive Y

A lot more work needed,
differential distributions

essential

e.g. EFT and ditf distributions for Runl
Ellis, VS, You. 1410.7703




Direct searches of colored states could lead
to an early discovery at LHC13

Squark-gluino-neutralino model
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Indirect searches could lead to a discovery
of New Physics

E.g. a non-resonant excess in diboson production

ATLAS 8 TeV

40 €0 80 100
pr (leading lepton) [GeV]

1410.7703 EFT -> UV models

correlations with other signals
could point a specific scale




Direct vs Indirect




The balance between direct and indirect

example
M ‘ V
gNpP

e.g. extended Higgs sectors e.g. dark photon
Zy




The balance between direct and indirect

M@g—.v

gN P : tree-level or loop-suppressed coupling

Indirect searches 2

limited by precision iNs M?

Direct searches M

kinematic reach




The balance between direct and indirect
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The balance between direct and indirect

LHC limits




The balance between direct and indirect

strongly coupled
- e.g.

20 composite Higgs
warped xdims

- mass/ kinetic mixing

or loop-induced
e.g. dark photon




Complementarity of LHC




How do we probe the unknown with no compass?

Business as usual
test boundaries of the SM, hoping for
something unusual to come up




How do we probe the unknown with no compass?

Business as usual
test boundaries of the SM, hoping for
something unusual to come up

Additionally we should
actively extend the reach of searches

by looking out to

non-LHC experiments/observations

Why?
4 )

Hints of New Physics could come from the

connection between colliders with other areas




E3 flux (GeV3/(s sr m? GeV))

e.g. The Dark Matter connection

Direct detection

Indirect detection
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e.g. The Dark Matter connection

CMS. Vs =T7TeV,5.11 . °

< -

CMS,Vs=T7TeV,5.1 !

g

CMS,Vs=8TeV, 19.5 !

¥—nucleon cross-section (cm2)
¥—nucleon cross-section (cm?)

CMS preliminary L Gy 30@1"0) ;CMS preliminary (¥, 0@ 9)

spin independent, vector operator _A’ spin dependent, axial-vector operator A?
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- e
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e.g. The Dark Matter connection

[s not through this kind of analysis

-~ ———
| Relic density o
too large \

F' Thcorvisnon—f ‘ ‘ F/mmed > ]_

perturbative

no meaning of a mediator

Buchmueller, Dolan and McCabe. 1308.6799




e.g. The Dark Matter connection

But it is perfectly valid to explore specific models, in
which an EFT is not applicable, e.g. SUSY DM

LHC13 20 contour (M1<0)

35¢

30}

25¢

N
o

A M [GeV]
H
a__

=
o

DD/collider

ol

Monojet LHC13

Barducci, Bharucha, Belayev, Porod VS. 1504.02472



e.g. The Dark Matter connection

Relic abundance sets limits on precision
required at colliders

Cosmo/collider




e.g. The Dark Matter connection

Excess in gamma-rays can be translated into a
mass and a coupling to SM particles: colliders

Astro/collider

Hooper et al. 1402.6703




e.g. The Dark Matter connection

Measurement of the CMB complements DD
further restricting DM searches

we=  Planck TT,EE, TE+lowP
; WMAP9

-=+ CVL
| Possible interpretations for:
| — AMS-02/Fermi/Pamela

~——  Fermi GC

Thermal Relic _|
Jott < ov > 3

foit < ov > [em®/s]

1000 10000

Plack results. 2014.

Astro/Cosmo/collider




e.g. The Axion connection

Other Bounds Collider Bounds Future Reach

CAST LHC @ 7 TeV: mono-v, 5 fb~ ILC @ 240 GeV, 1 ab™"

Beam dump LHC @ 8 TeV: mono-v, 19.6 fo~ TLEP @ 1 TeV, 10 ab™!

Solar v flux LEP @ M;: tri-y, 66 pb~" Belle Il @ 10.6 GeV, 50 ab~"
Horizontal Branch LEP @ 189 GeV: tri-y, 153 pb~" — LHC @ 13 TeV: mono-y, 3ab"
BBN CDF:3-y, 1.2 fb~" — LHC @ 13 TeV: tri-y, 3 ab™"
Supernova 1987a LEP: mono-y — LHC @ 8 TeV: tri-y, 19.6 fo~!

Current limits |{ | '

5% Syst.; p > 700 GeV \_/
- 7\ i

\
[ Stat. only; pI. > 150 GeV \ /\\/

Astro/Axion/collider

i [ New limits & prospects]

4 2 0 2 4 -10 -8 6 4 =2 0
10g10 (Ma[GeV]) 10g+0 (Ma[GeV])

Mimasu, VS. 1409.4792




Conclusions

Runl was the run of the SM, establishing its consistency as an effective
theory with the Higgs discovery

Run2 is diving in the unknown BSM territory, exciting and quite more
difficult task. The increased lumi and energy in Run2 may just be what
we need to discover BSM

Discovery through direct and indirect searches should go beyond

extending Runl measurements
LHC Direct: extend final states such as displaced vertices
LHC Indirect: lots more experimental work needed for EFT

A different route: looking out to other experiments/observations.
Complementarity with Astro/Cosmo/Neutrino/Axions needs more
exploring. It may bring new ideas to the field, plus prepare for
discovery interplay




EFT atfects momentum dependence:
angular, pT and inv mass distributions

. Usual searches,

T .
) 0.22: CMS + Data o
QCD prediction
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EFT atfects momentum dependence:
angular, pT and inv mass distributions

. Usual searches,

CMS {s=7TeV,L=492 " eX: TGCS

—e— Data

— Best fit . . . . 5
e kinematic distribution best

--- TGC (A,=0.20) Way to bound TGCS
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Kinematics ot associated production at LHCS

Ellis, VS and You. 1404.3667, 1410.7703

= . & Data =
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C 15 =7ToV [Ldt=4.7 b Moltiot . LHCS ATLAS VH

[ i
~ 1s=8TeV |Ldt=2031b" :iv.”'d""
B = 1lep., 2 jels, 2 lags . W.bb -

=% ] simulation

ATLAS-CONF-2013-0797%

- LHCS :

Data/MC

50 100 150 200
pr (GeV)

Feynrules -> MG5-> pythia->Delphes3
verified for SM /BGs => expectation for EFT

inclusive cross section is less
sensitive than distribution




TGCs constrains new physics too

Ellis,VS and You. 1404.3667, 1410.7703

L . l 1] LJ T ' L] 1 T ] L] . 1] [ 1] 1] L I T T L
ATLAS Preliminary 4 Data [ WW (x1.21)

) - 1 [0 Top B Zjets
\s=8TeV, .[ Ldt =20.3 fb Bl Wiets [l other diboson

e“v u'v channel & stal. unc.— stat, @ syst. unc.

T

ATLAS 8 TeV

NP
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. ATLAS-CONF-2014-033 |
overflow bin

we followed same validation procedure-> constrain EFT




breaking blind directions requires information

on VH production

Global fit

without VH




Do we need NLO for Rung%




NTL.O QCD
Clearly important

VH, VBEF, H+jet, WW
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Maltoni et al. 1306.6464,1511.1829,1407.5089,1503.01656
Spira et al. 1407.7971 (SUSY)
Grazzini et al. 1107.1164
Cansino, Banfi. 1207.0674...




EFT NLO QCD

Processes involving EFT operators with
quarks quite sensitive to operator mixing

e.g. top to Higgs and light quark
Zhang and Maltoni 1305.7386

More details on RG mixing and finite
terms later on (Trott, Passarino)
as well as issues of the basis (-> Rosetta)




SM NLO EW
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. QCD prediction
Al nr =7 TeV (NLO)
- AlLgpr =7 TeV (NLO)
Al nn =7 TeV (LO)
ALrs =7 TeV (LO)
Ayviaa =7 TeV (LO)
\WM =7 TeV (LO)
vay =7 TeV(LO)

LH: discussion on how
universal Sudakov logs are
leading: Spira
aMC@NLOQO: beta version

with SM EW correction
(Pagani, Zaro)

Billonietal. 1310.1564




EFT Higgs BRs

eHDECAY
Contino et al. 1303.3876, 1403.3381

State-of-the-art
incl. most important QCD /EW corrections

~ New at LH

Higgs: SILH: Warsaw

param_card (in any basis)->
eHDECAY->
param_card with BRs from eHDECAY




A concrete example

NLO EFT: VH




EFT NLO QCD

MCFM&POWHEG aMC@NLO

Higgs boson pr (pp — H W)

=10fb")
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o £
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T~
S[g

Events (L
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|
P 1GeV] -

P, [ ll 1, ] (GeV/c)

%Mimasu,VS,Williams. in prep deGrande, Fuks, Mawatari, Mimasu, VS. in prep

timeline
general HXSWG meeting mid-July




shes: vour input

twiki EFT Higgs

https: / / phystev.cnrs.fr/wiki/2015:groups:higgs:efthiggs

Document highlighting situations
where NLO is required / missing (with
SM session)

Comparison shower matching
POWHEG & aMC@NLO
-> identity less sensitive distributions
(other tools, implementations?)



https://phystev.cnrs.fr/wiki/2015:groups:higgs:efthiggs

Thank youl!




{4 Effective field theories at NLO (in QCD)

< Non-renormalizable?
* No: renormalization order by order in 1/A2

% Precision?
* Yes: including the QCD corrections
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]
L
L)
L)
L)
L)
'
'
'
'
'
'
'
'
'
L
L
L
.
L
L)
L)
L)
)
L)
’
'
'
'
.

{4 Issue: operator mixings
% The structure of a given operators can be generated from another operator
* Example: gtu ( NLO-QCD) corrections to the ytu operator

EFT@LO

‘-.-..-...---.-.--..----.---.---'

PR L I

T:)p FCNC @ NLO TF“J(‘."I.!HII" Fuks - 30.05.2015 6




I11 eHDéfCA)f http://www.itp.kit.edu/~maggie/eHDECAY/

e h— ff
_ 2
FWW) sy = o' (W) [1- CH_QC{”+| S\f|2R e (AF™MATE) | 1+ 6y s%CP]
F@Y)|y, = 8" (@w) [14 6y k97]

AZM: SM tree-level amplitude
A1 ew' SM elw. amplitude [real corrections treated analogously]

e factorization of QCD « elw. [limit small m}]
e NL: no elw. corrections!

from Spira, (N)NLO ATLAS

e Oother decay modes analogous



Higes BRs  eHDECAY Contino et al. 1303.3876 and 14033381

Production rates and kinematic distributions

depend on cuts
need radiation and detector effects

Simulation tools
coefficients

S

observables




The guide to discover New Physics may come
from precision, and not through direct searches
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The guide to discover New Physics may come
from precision, and not through direct searches

New Physics could be heavy
as compared with the channel we look at
Effective Theory approach

(H'o“D*H) DWW,



EFT

Bottom-up approach

operators w/ SM particles and symmetries, plus the

newcomer, the Higgs
Buchmuller and Wyler. NPB (86)

Lesm = Lsm + La=—6 + ...

l HDOs

modification of couplings
of SM particles

Many such operators, but few affect the searches we do




EFT

Bottom-up approach

operators w/ SM particles and symmetries, plus the
newcomer, the Higgs

Many such operators but few affect the searches we do

Operator

—
— ig H"a“D“H) Dwe,

top-i (H“D"H) & B,,

or =} (Ht D,,H)'Z

Example 1. LEP physics | 95 = (Lio*yLy) (Lo®yuLs)

—
Of = (iH'D,H)(ery"er)
O = (1 H“D WH)(upy'ug)
O‘]iz - (IH*D#H)((ZR",‘“(IR)
— —
O = (iH'0* D, H)(Qro*+* Q)

Ellis, VS, You. 1410.7703 0% — (iH'D,H)(Qr1* Q1)




Anomalous couplings vs ERFT




HDOs generate HVV interactions with more derivatives
parametrization in terms of anomalous couplings

Example. Higgs anomalous couplings

1

1 h vy Vi, VI

g ;
§__h92\;vvﬂwvu —hgf‘;VVV@MVW =

4




HDOQOs generate HVV interactions with more derivatives
parametrization in terms of anomalous couplings

Example. Higgs anomalous couplings

1

1 h vy Vi, VI

4

L .
é__hgg‘;vvlﬂ/v’u _hggf\;vvya,uvle S

Feynman rule for mh>2mV

: S
VP2l i, (ol (5 -mh) + 20y md )

o
—Zgé&vpgpg

V(p3)

—ignvv e’ *Pps o3 s




HDOs generate HVV interactions with more derivatives
parametrization in terms of anomalous couplings

Example. Higgs anomalous couplings

=

1 - = -
h gg‘z’vvlﬂ/vu —h g}(f\;VVVa,uV'u i Zh ghVVVW/V“

Feynman rule for mh>2mV




Translation between EFT and
Anomalous couplings

Lsp, Couplings vs SU(2), x U(1)y (D < 6) Wilson Coefficients

2) _ g - SM _ 4g2vé, SM _ 8gspy &

Ghwn = mw CH ’ 9hgg = Ghgg mZW ’ Ihyy = Ghyy my

1 1 _ _ 2 _ _
gl(x:): = gi(tw)w + - - [Cu Bs?v — 4e, sa,] , Qf(m,)w = 51— Cw + Cuw]

‘) [PU—
Cywmw 2 myy

2 2 3, 3 3 =) _
gl(zz)z - 29’(11.0)11.7 A " ’ g}(,w)w = My ’ gl(zzz - ghéum(l - 2CT)

C‘ &,r

1 s 1o _ _ 2 _ _ _ _
g}(xa)z = __q_ [CHW —Cuyp + 8¢, Sa] ; gr(m)z = AW _ [CHW — Cyp — Cp + Cw]

' Cw My

1
_Zh gl(zl‘;VVNVV’uV _hg](f‘;\/vl/a,uv'uy o

1

A h ghVV V,uu ‘7'[“/

Alloul, Fuks,VS.1310.5150
Gorbahn, No, VS. In preparation




Translation between EFT and
Anomalous couplings

Within the EFT there are relations among
anomalous couplings, e.g. TGCs and Higgs physics

L3y Couplings vs SU(2);, x U(1)y (D <6) Wilson Coefficients

; 1 . = 1 c c
917 =] — Ea— [CHW — (23%, — 3)(:“,-] " Ky =1-— ?i"s_ [Carcuw - ngCHB - (

’7 . . — — —
g, =1 ky =1—2Cw — Cyw — Cus

similarly for QGCs: also function of the same HDOs

Alloul, Fuks,VS.1310.5150
Gorbahn, No, VS. In preparation




The set-up




Higgs BRs eHDECAY Contino et al. 1303.3876




nggs BRs eHDECAY Contino et al. 1303.3876

Production rates and kinematic distributions

depend on cuts
need radiation and detector effects

Simulation tools




In this talk I use

1. Feynrules HDOs involving Higgs and TGCs
Alloul, Fuks,V5.1310.5150

links to CalcHEP, LoopTools, Madgraph...
HEFT->Madgraph-> Pythia... -> FastSim / FullSim




In this talk I use

1. Feynrules HDOs involving Higgs and TGCs
Alloul, Fuks, VS.1510.5150

links to CalcHEP, LoopTools, Madgraph...
HEFT->Madgraph-> Pythia... -> FastSim / FullSim

2.0CD NLO HDOs involving Higgs and TGCs
| VS and Williams. In prep.

MCFEFM and POWHEG
Pythia, Herwig... -> FastSim / FullSim

de Grande, Fuks, Mawatari, Mimasu, VS. In preparation for MC@NLO




Looking for heavy New Physics

current status
Ellis, VS and You. 1404.3667,1410.7703




What about Higgs physics?

Using kinematics for NP : a non-SM HDO and some boost

VHJX;f




What about Higgs physics?

Using kinematics for NP : a non-SM HDO and some boost




Kinematic distributions in TGC and VH are
complementary

.\’ [TeV] A=vech
0.3 04 08 04 0.3
‘1 Ll L] ] |

muhat+VH
muhat+TGC

all




: LHC Constraints
Operator Coefhcient Individual

Marginalized

(—0.022,0.004) (—0.035,0.005)

Opw = ig(D*H)toa(D* H)We, ’ (—0.042,0.008) | (—0.035,0.015)
Oup = ig(D*H) (D" H)B,, iy (—0.053,0.044) | (—0.045,0.075)
O = £ gear WavW? e W ey (—0.083,0.045) | (—0.083,0.045)

0, = g2|H[?GA GAw " (0,3.0) x 105 | (=3.2,1.1) x 10~
O, = ¢”|H|*B,, B*" W (—4.0,2.3) x 1074 | (=11,2.2) x 1074
O = 1O H)? Co)

Os = ys|H|? FLH' fr + h.c. (—,—)




LO vs NLO, brietly
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MCEM in development




VBPEF, briefly




Kinematics of VBF also modified
yet more difficult discrimination

600 800 1000 1200 1400 1600 1800 2000




EFT->Models

Masso and VS.1211.1320
Gorbahn, No and VS. In preparation




EFT (linear realization) vs UV-completions

UV models

Example 1.
tree-level operators
radion/dilaton exchange

Example 2.

loop-induced operators
2HDM and SUSY spartners




Example 1. Tree-level exchange  radion/dilaton

- M2~ M2

Mg




Example 1. Tree-level exchange  radion/dilaton

W 9 9‘21’2 (1 ® )
MCI> Mq)

'

myh

HIGGS-1 3§I—>Ilbﬁ, 2 tag, High Purity
2 DO Prliminary, <9.7 fb

—

* Data
I Multijet
V+if
- V+hf
tt

mvv
[]0" Signal
[0 Signal
12" Sign
(Signals x10)

b—

lIbb Mass (GeV)




Example 2. L.oop-induced

SUSY spartners

validity is now

5§ <4M:




Example 2. L.oop-induced

Z

SUSY spartners

Gorbahn,No and VS. In preparation Masso and VS. 1211.1320

General predictions:




__ miy s
T 25672 2

 2HDMs

2 (53, 13 _ 2 3
- o _mw(2/\3-+j)\4)_16c>7 miy A\
CHW = =W =706 3 ' 96m2 2

L _m%v(—Q;\3+/~\4)_
HE =BT T 002 i

work 1n progress

miy

1440 2 i3

C3wW =

LHCS8 constraints:
one order of magnitude better than a global fit

0!
Events ( le' 10fh")




Limitations of EFTS




LHCS8 ATLAS VH

most sensitive bin:
overflow (last) bin

100 150 200 250

g AL high-pT

sensitive to dynamics of new physics
breakdown of EFT

To what extent can we use this bin?

how far does it extend?

; see also
Biechoetter et al 1406.7320 Englert+Spannowsky. 1408.5147 Dawson, Lewis, Zeng 1409.6299




validity

Associated production VH

[ | L 1 1 1 | I I | I I | I I
300 350 400 450 500
pY (GeV)




Conclusions

Absence of hints in direct searches
EFT approach to Higgs physics

Higgs anomalous couplings:
rates but also kinematic distributions

Complete global fit at the level of dimension-six operators
enhanced using differential information

SM precision crucial: excess as genuine new physics

Exploring the validity of EFT
propose benchmarks

Benchmarks
correlations among coetficients, input for fit




Kinematics of associated production

pTV is more sensitive than mVH to QCD NLO
but effect not yet at the level of operator values we can

bound

Z boson pt

100 200 300 400 500 600 700

pY (GeV)

VS and Williams. In prep.




Boring and necessary details

Bottom-up approach:
operators w/ SM particles and symmetries,
plus the newcomer, the Higgs
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Boring and necessary details

Bottom-up approach:
operators w/ SM particles and symmetries,
plus the newcomer, the Higgs

Realization of EWSB

Linear or non-linear

And the Higgs could be
Weak doublet or singlet




Once this choice is made, expand...

Integrating out new physics

Non-linearity [J — e’iH(h)/ /

...order-by-order




For example, some operators
Higgs-massive vector bosons

Ow = (D, @)W (D, ®)
Op = (D,®)(D,®) B*
Oww = ITWHW,, @
Opp = (®'®) B* B,




For example, some operators
Higgs-massive vector bosons

Ow = (D, @)W (D, ®)
Op = (D,®)'(D,®) B*
Oww = ITWHW,, @
Opp = (®'®) B* B,

@ UV theory: tree-level or loop
may need a model bias

Giudice, Grojean, Pomarol, Rattazzi. 0703164



redundancies trade off operators using EOM

Choice of basis

 And, finally

Observables as a function
of HDOs coefficients




In summary
In terms of Higgs” anomalous couplings

1 .
LD — 4g§}},z,,,,2w'h—gﬁfgzz,,auZWh

1 1 FUVTTS ) —y .
STiww W Wih — |gityw W # Wb+ he.|,

(Tev 1)

ql!ﬂ’ll

i (TEV1) | black global fit
' green one-by-one fit
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| Global fit to signal strengths |
f and kinematic distributions |

- Conclusions of the analysis

1. Breaking of blind directions requires
information on associated production (AP)

2. Kinematic distributions in AP is as
sensitive (or more) than total rates




’ Global fit to signal strengths |
- and kinematic distributions

Conclusions of the analysis

1. Breaking of blind directions requires
information on associated production (AP)

2. Kinematic distributions in AP is as

sensitive (or more) than total rates




