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LHC Exptara&om

Focus so far: Sﬁarak {or new u h% ar%mtas
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Emergv afrcm&c,r (13 TeV)

P Experimentally:First accessible signal/Easy to study



LHC Expmraﬁmm

Focus how: Standard Mcd@l Precision Tests
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Infinite Informakion
function(E?) = £f(0) + f/(0)E* + f"(0)E* + - -



LHC Expmra&on
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Focus how: Standard Model Precision
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infor makion

function(E?) = £(0) + f'(0)E? ,,

systematic Taylor expansion . . e

J for all obser V&bfiﬁs ~a Effective F?:,e.ll.ci Theory (EF?T)& - — ?;
| B . " wost relevant effects

1 Loi = Lsm + A2 Z("'O" T from all heavy BSM
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Precision Tesks

e.9. 272 processes (WZ,LL,...)

- small stakistics

- wmore challenging measurement
- more space for improvement

e.9. Higgs Couplings, |

- big statistics



e.q. Hic
biq stati

sSOONer «

Precision Tesks
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and more...

In some processes, LHC more precise than LEP

Farina,Panico,Pappadopulo,Rudermann,Torre Wulzer’16
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Precision Tesks

e.q. Higgs Couplings,

- big statistics _
- sooner or later systematic ,L%ed
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Imagine measuring 27

~ 1074
Vs =mg

OSM
(surely a precise measurement)

.

Effect qrows ~ E£2 (

e.9. 272 processes (WZ,LL,...)

3000
91.2

- small stakistics

- wore challenging measurement

- wmore space for improvement

- signal so big that even a poor
measurement can be precise
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Precision Tesks

e.9. 272 processes (WZ,LL,...)

- small stakistics

- wmore challenging measurement

- more space for improvement

L - signal so btg that even a poor

2.9, Hgggs CQMFLLMSS ; Z»“?Oiﬁ.,-.. measurement can be precise

A

- big statistics
- sooher or laker sjs&e,mo&i,c Limiked

Experimen&atbj very appeativxg



What to expect from a theory viewpoint?

Higqs must be a (gseudo)gotds&ome boson

W ) SM BSM
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Higqgs Couplings are modified



Higqs Caupiismgs

Modifications of Higqs couplings in EFT language:

{::VW,Z,%Q

O, = |H|?0,H'O*H Oy, = Yy|H|>YrHYg
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HL-LHC Reach (3000 fb-1)< ¢,

Higgs couplings: measured in processes with
on-shell Higqs (E=125 GreV)
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Systematics (52)
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Higqs COMFLEMQS ak Higkmﬁimew‘gv

Hiqqs couplings: | reorericatly Inferesting &)
39 pLings: Experimentally nob High-£ measurements @

but...
SM is the unique &keorj, with iks par&itte cownbent,
valid up to ombi&rm'v enerqgy:
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Any coupling modification must induce energy-growth
i some process, reducing the validity energy-range



Higqs Caupiiv\gs... without a Higqs

modifications of Higgs couplings induces
2 growth U process with longitudinal WZ bosons!

Sp + = finite
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Higqs Coupiiv\gs... without a Higqs

modifications of Higgs couplings induces
2 growth U process with longitudinal WZ bosons!
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Higqs Self Coupling

|H|6 ~ontact Int tion v 72
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Conkact Inkeraction L’\ v, a2
Amoing W, ZL r; a ~ F W Tl SM
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Hiqgqs Self Coupling

Ancther way of understanding E-qrowth:

B3 ‘H ‘6 Contact Interaction
A2 Amoing Wi,ZL
Golstones = Wi, ZL

— »with 2 Higgs vew.s & "~z | '
(:2 E‘l"ﬁdﬂ&i(ﬁ)h&t \ ‘ﬁ' v
Higgs Couplin \ |
measuremeh&?



Higqs Self Coupling

W—=l+v Same-sigi Lep&ons

pp = jjh+W=W=
h — bb > Enough events

VBF topology > Low background B

15; _
[ Constraints from pp = jj #v/*v hat HL-LHC |
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5[ 1o ; //
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» HoH: single channel, simpi.@. amod.ysis, Co-mpe&i&ive wikth HC!



Higqs Self Coupling

.. endless passib&ti&es of improvement ...

1% Wi, 7, — leptons/hadrons

- Final states t}’{{az

%7 Wi, 7, — leptons/hadrons

f VL
- Look also at E-growing processes ;‘?\KL
L
Vi
-~ Keep information to exploit E-growth

- ‘bevetop -sensikive amatvsis



“Higgs without Higqs” Program




HI*?QHtg

HoH Program: EOF‘ Yukawa

~
LOMQT EerShOLd | sLS’MQL enhanced
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— boosted top:
good discrimihant,
easier to reconskruck

many final states

Signal classified bj #leptons:
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W+ 12850/398(1425/199 178/25

W+Z |3860/632| 965/158 [273/45| - |68/11
ZZ |2484/364| - |351/49] - |(12/2)

T »2L: Small Bo&:kgroumd

pt. > 250 GeV / plr > 500 GeV
Henning,Lombardo,Riembau,FR'18



HoH Program: &op Yukawa

only channels with »2 leptons (Bxo)
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Background = SM signal

» HwH tomge&i&ive wikh HC!

Further improvements: differential distributions (into larqer £2)
better background estimate



More Top and Higqs ak Higkwﬁimmgv

Top-Higgs: well mokivaked bj nakuraliness
Other Top-Higgs effects grow in single-top

((H'D,H)(ty"t)
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HwoH Program
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HoH Program: Higgs-Gluons

Azatov, Grojean, Paul, Salvioni'l4
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HwoH Program




HwH Program: h ko qauqge bosons
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Messaqge

p Higgs Coupling (HC) modifications: crucial for BSM

P High-Energy precision tests: appealing experimental program
p Multiboson (HwH): Competitive/Complementary to HC measurements

P Many opportunities for improvement (Conﬁrarj to HC):

1 |
1000
m(ee)

P Impor&anﬁ for future colliders (HL-LHC HE-LHC,CLICFCC,...)



Campasé%@; Higqs Models: , ~
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.. O simtlar Lines

Chang,Luty’19
Falkowski,Rattazzi'19

Modifications of the SM induce unitarity violation in some channel...

which channel first?

©@)

SV (h) ="
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Z2p

~ Chang,Luty’19]
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On
Process Unitarity Violating Scale
hQZL < hZL 66.7 TGV/|53 — %54|
hZ2 s 72 94.2 TeV /|85
hWLZL e WLZL 141 TeV/‘(Sg‘
hZ2 < hZ? 9.1 TeV/\/|53 — 15|
WWiZp < WWiZp | 111 Tev/\/\(s3 — 15|
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74 s 74 6.1 TeV/|d3 — Lo,




Efficiency

Efficency
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(c) Z-tagger: signal efficiency
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(b) W-tagger: background rejection
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(d) Z-tagger: background rejection

ATLAS-CONF-2018-016



