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How to look for new physics?

Model-dependent

SUSY, THSM,2HDM...

New particles
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How to look for new physics?
Model-dependent

SUSY, THSM,2HDM...

New particles

Plethora of measurements
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Knowns and Unknowns
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Outline

|. Higgs couplings
[1.The Higgs potential
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The good news: lop-HIggs interaction
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The good news: lop-HIggs interaction
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Probing the top-Higgs mteractlon (1)
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Probing the top-Higgs mteractlon (1)
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Probing the top-Higgs interaction (2)

Precise Higgs pr distribution

do/dp+(H) [pb/GeV]
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Probing the top-Higgs interaction (2)

Precise Higgs pr distribution

do/dp(H) [pb/GeV]
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Going beyond...

ttH and ggH are more than just
the top Yukawa:

i
&.--
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Going beyond...
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the top Yukawa:

ZEM T iy
s }%%

E.Vryonidou HiggsHunting2018 10



Going beyond...

ttH and ggH are more than just

the top Yukawa: - K P :D.
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Going beyond...

ttH and ggH are more than just

the top Yukawa: K P :D.
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absence of light states
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Going beyond...

ttH and ggH are more than just

the top Yukawa: E P :}),

(6 (6) . O = y; (‘-f’f‘-f’) (Qt) ¢
The SMEFT  for = £t 2 “az O @ 0ic =i (¢'s) GloM
: . Oic = y19s(Qo™ T 4)p G,

A model independent A gigantic effort lies ahead:

framework for parametrising determining the couplings of
deviations from the SM in the  |the dim-6 Lagrangian

absence of light states
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Optimising EFT interpretations(1)

Towards precision calculations in the EFT
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Optimising EFT interpretations(2)
Towards precision calculations in the EFT
ttH tHj
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Towards EFT global fits
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http://arxiv.org/abs/arXiv:1511.05170

HIgQQgs couplings beyond the 3rd
generation

eeeeee

“YY = o =

Run | and Il results indicate that vector .- __
bosons and third generation fermions .| —
get their masses from the Higgs *

ubb i P

11 1 1 I IR BN AR TR

aaaaaaaaaaaaaa

s this the case for the 1st and 2nd generation”? Do they get
their masses from the same scalar doublet?

An opportunity to test flavour models
which predict deviations from the SM
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Light quark Yukawas (1)

A challenge and an opportunity:

Rare radiative decays to vector mesons:
- % 30 ~ 10— : . : .
y 52_5_\ é s\ indirect~indirect
h _"‘@L! %20 %0.6
o %15 ;?0,4
Direct: sensitive to Indirect ~ £* 2 N\ |
S o5 E092""—'1""0" I 2 3 4
the quark Yukawa o
9.0 1.3
SM predic’[ions: ;Tig,s_\_\c\i\ominated by indirect 2ok
T80l X 1 €
B(H — J/¢y) ~3x107°% B(H = Y (18)y) ~ 5 x 107 3;;75\ %”;
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R 65tk A 09¢
I:. I_HC | Né Z:_;EJ,CJ)S 00 0'5 1:0 - 0'—81:0 H —05 00 ‘()ISI 10
Irst results: T e "
B(H — J/9vy) < 1.5 x 1072 = 500x SM Koenig, Neubert arXiv:1505.03870

B(H — ¢v) < 4.8 x 107* = 208 x SM
B(H — py) <88 x 107* = 52xSM
(arXiv:1501.03276 and ATLAS-CONF-2017-057)
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Light quark Yukawas (1)

A challenge and an opportunity:

Rare radiative decays to vector mesons:
30¢ 10 : : . : .
_ / % 5 sk E 03 indirect~indirect
%1.52- ;?0.45_
Direct: sensitive to Indirect £ 502

the quark Yukawa

920
SM predictions: Fospd
= 80F
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First LHC results: ol T e
B(H — J/9vy) < 1.5 x 1072 = 500x SM Koenig, Neubert arXiv:1505.03870
B(H — ¢v) < 4.8 x 107* = 208 x SM

B(H — py) <88 x 107* = 52xSM
(arXiv:1501.03276 and ATLAS-CONF-2017-057)

E.Vryonidou HiggsHunting2018 15

|_ots of room for BSM deviations
Great opportunity for HL-LHC




Light quark Yukawas (2)

New idea: Using kinematic distributions I.e. the Higgs pT

[Bishara et al. 1606.09253 | 2.5FBishara et al.1606.09253
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1st generation

To be fully explored

Inclusive Higgs decays i.e VH + flavour tagging (limited by c-tagging)
(for evidence of bottom couplings: ATLAS: arXiv:1708.03299 and CMS: arXiv:1708.04188)

ZH(H — cc)gives a limit of 110 x SM expectation (atLAs-CONF-2017-078)
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The HIggs potential

] 1
Higgs potential: |V(H)= b M H + by VH +Z}\HHHHH4

2
MH Measuring AnHn and
2V AHHHH tests the SM

Fixed values in the SM: 7\.,_”_”_, = )\HHHH =

What can measuring Avnn tell us”

Electroweak baryogenesis requires | ¢, F e FtF =) - d (@)

. . > .4 1 /82 .6 1 /a2 SN
a f|rst oraer StrOng EFWPT * T ~ 1 e 3% exp(—1/8%) ¢ exp(—1/¢%) * I]

bc/Te
. , _ Reichert et al: arXiv:1711.00019
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The Higgs potential

1
Higgs potential: |V(H)=— M H + Ny VH + =Ny H

2

1

4

M: i
Fixed values in the SM: Mrt = My = —2\/2, easuring i 201C

AqHHH tests the SM

What can measuring Avnn tell us”

Electroweak baryogenesis requires | ¢,

a first order strong EWPT welliie | 7. 21

Aps/Ags sy < 1.5 ¢ /T, <1
EW baryogenesis is disfavoured
>\H3/)\H3,SM > 2 gbc/TC > 1
EW baryogenesis is favoured

E.Vryonidou HiggsHunting2018
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Constraining the Higgs self-coupling

Theory constraints: How large can AvnH be (in particular
given Higgs couplings measurements)?

Experimental prospects: \Which measurements can be
used to constrain AHHH?

E.Vryonidou HiggsHunting2018 19



Theoretical constraints on AxHH

Perturbativity:

e Partial wave unitarity: |Reap,_un| < 1/2 N /] < 6.5
» Loop-corrections to A smaller than A | A /Anis| S 6

Di Luzio, Grober, Spannowsky arXiv:1704.02311

Specific UV complete models:

Scalar extensions:
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See also Di Vita et al. 1704.01953: Fine-tuned Higgs portal [Xun/Moin| S 6
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How to extract Aqpn: 1) HH

HH production at 14 TeV LHC at (N)LO in QCD
______________ MH:1 25 GeV, MSTW2008 (N)LO pdf (68%:cl) :
~~~~~ %%:I
%
lr~.|
. pp—rZHH o EE
Frederix et al. arxiv:1401,7340" | =
-4 -3 -2 -1 0 1 2 3 4
Mism
SM cross sections
VL 13 TeV 14 TeV 27 TeV 100 TeV
o(HH)[fb] 31.0522% | 36.69 %1% | 130.9T15% | 1224 0%

Grazzini et al arXiv:1803.02463, see Gudrun’s talk

bbbb 0.2 < Mhsm < 7.0 (stat)
ATL-PHYS-PUB -2016-024

bbyy -0.8 < MAsm < 7.7 (stat)
ATL-PHYS-PUB -2015-046

Projections for HL-LHC:
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Current limits:
CMS: o/osm < 19(bbyy)

ATLAS: o/osm < 30(bbbb)
CMS:  o/osm < 28(bbrT)
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How to extract Aqpn: 1) HH
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Projections for HL-LHC:

bbbb 0.2 < Mhsm < 7.0 (stat)
ATL-PHYS-PUB -2016-024

bbyy -0.8 < MAsm < 7.7 (stat)
ATL-PHYS-PUB -2015-046
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How to extract Aqpn: 1) HH
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Projections for HL-LHC:

bbbb 0.2 < Mhsm < 7.0 (stat)
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bbyy -0.8 < MAsm < 7.7 (stat)
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Current limits:
CMS: o/osm < 19(bbyy)

ATLAS: o/osm < 30(bbbb)
CMS:  o/osm < 28(bbrT)

A challenge even
for the HL-LHC
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How to extract AynH from HH?

-HH productlon L 14

- dashed: excluded by LHC results

including interference and squared terms

Other couplings enter in the
same Process:

top Yukawa, ggh(h) coupling,
top-gluon interaction

See also L.Scyboz talk
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How to extract AynH from HH?

U/USM

100 | AN S | Other couplings enter in the
| SN | same process:
' re =0.05,rg =1 ] '
e —10.ms —200{  LOP Yukaw.a, ggh(h) coupling,
rig = 1 | top-gluon interaction

-20 -15 —-10 -5 0 5 10 15 20 See also L.Scyboz talk

The present

Given the current constraints on o(HH), o(H)
and the fresh ttH measurement, the Higgs
self-coupling can be currently constrained
“Ignoring” other couplings
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How to extract AynH from HH?

U/USM

100 N\ | Other couplings enter in the
S N\ T same process:
w0 =l top Yukawa, ggh(h) coupling,
| | | | o=l | top-gluon interaction
-0 -5 -1 -5 0 5 10 15 20 SeealsoL.Scyboz talk

G =1+ [TeV™?]
The present
Given the current constraints on o(HH), o(H)
and the fresh ttH measurement, the Higgs
self-coupling can be currently constrained
“Ignoring” other couplings

The future

Precise knowledge of other Wilson
coefficients will be needed to bound A as
the bound gets closer to SM

Differential distributions will also be
necessary
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How to extract AnHn: 2) Indirectly

= [-9.4,17.0]

— [—8.82, 15.04]

Higgs observables: production
and decay at NLO (EW)

Degrassi et al. arXiv:1607.04251

See also: Gorbahn, Haisch 1607.03773,
Bizon et al 1610.05771, Maltoni et al
1709.08649

H & HH all diff.

L | —— H & HH all diff., global fit i
-------- incl. H & diff. HH, k, exclusive fit | 7

T T T T LI B UL 1) L
I — H & HH all diff., k, exclusive fit
incl. H & diff. HH, global fit

* Synergy between H and
HH production

e Differential distributions
crucilal to break
degeneracies at HL-LHC

-
-------
-n

---------

PN " ¢
. . o
Run | single Higgs results: K)
20
C.f. HH /‘v>\
Future prospects:
H & HH all inclusive
10--|----_ """"""" e SR I A 12 g
I smmmemmn k) eXclusive fit
8 ———-g:gzz:tr’::(Hdata@LO) 10;
I ' : 8-
5 5 9
4
2
O' ..........

—  Di Vita et al. arXiv:1704.01953

...................
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Degrassi et al 1702.01737

Kribs et al 1702.0767/8
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sSummary

LHC Higgs measurements are exploring Higgs couplings to

all SM particles and frantically searching for new physics in
the scalar sector

No sign of deviation from the SM prediction, yet

But the exploration has just begun

Lots of questions will be answered over the coming years of
the LHC
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Thanks for your attention



