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Disclaimers & outline

* There's by far too many recent SM measurements and BSM
searches to be able to review all of them in a single talk

— Some | will review very briefly or just advertise, and some | will skip
(more information in the slides, backup, and linked documentation)

— | will focus mostly on measurements, privileging importance over novelty
— Only results with full LHC run 2 dataset
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Simplified Template Cross Sections (STXS)

» Split Higgs production modes in gen-level bins in p;, N(jets), m
- Assume within each bin SM kinematics is a good proxy for the true physics

— Allow re-interpretation of results in different models (e.g. EFT) or with
different assumptions (e.g. on theory uncertainties)
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Simplified Template Cross Sections (STXS)

* Split Higgs production modes in gen-level bins in p;, N(jet), m;
- Assume within each bin SM kinematics is a good proxy for the true physics

— Allow re-interpretation of results in different models (e.g. EFT) or with
different assumptions (e.g. on theory uncertainties)

* Example:
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H — yy: STXS

* H— yy very well suited to STXS measurements:
— yields, efficiency and S/B across whole phase space
- robust background estimation from m(yy)

 Full LHC Run 2 dataset, targeting all productions:
ggH, VBF, WH, ZH, ttH, tH

— including first ttH measurements differential in p;(H)

* Similar overall strategy deployed:

1. First level categorization associated to STXS bins, often
employing MVAs to improve classification accuracy.

2. MVAs to splitting in subcategories to improve S/B,
Signal extraction by fitting m(yy) shape in all categories.

4. Fit together STXS bins that can't be resolved individually,
at times merging also the associated categories.

Event category

W
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EXPERIMENT I
CMS simulation Preliminary H—>yy (13 TeV)
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H — yy STXS categorization

* Multiclass BDT trained on all STXS
bins (44 classes), using full event
information (photons, jets, b-tags,
leptons, tagged top quarks, ...)

- Compute per event probabilities z,
foreachclass(Zz =1)

- Assign events to category with max
weighted probability w;-z,

- Weights w; optimized to minimize
the determinant of the covariance
matrix of the fit

 Groups of categories designed for
each production mode

— Multiclass BDT for VBF-like events
(qgH vs ggH vs background)

— Multiclass BDT for ggH SXTS bins
except p;>200 GeV & VBF-like ones

— Dedicated MVAs also in other
categories, e.g. tHq vs ttH

* Event assigned to the highest
priority category that accepts it

- tHq(lep), ttH(lep), ZH(2¢), WH(1¢),
VH(o?), ttH(had), VBF, VH(had), ggH

CMS,
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H — yy STXS stage 0 results
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Parameter Value
W(WH) & w(ZH) anti-correlated, p = -0.41
When using the same parameter for both, the
fit gives w(VH) = 1.3 + 0.3 and overall p.,, = 50%
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— Yy STXS results, ATLAS (27 params)
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H — yy STXS results, CMS (24 params)
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H — yy differential & fiducial

* First H — yy differential result on

full run 2 data from ATLAS g
— Focus on few key distributions: )
p+(H), y(H), N(jets), p(j1), m(jj), Aep(jj)

- Unfolding via bin-by-bin corrections.
Matrix unfolding used as cross-check

- For reinterpretation, covariance matrix
across bins of different distributions is
provided (extracted from bootstrap)

* Fiducial cross section: - f
Oy = 65.2 +4.501) +5 6(¥st) £0.3(t0) fb 3
SM prediction 63.6 3.3 fb :

=1

EXPE F%M ENT
| | | | |
n ATLAS Pre|iminary B gg—H default MC + XH Powheg NNLOPS + XH -
F —¢— Data, tot.unc. . syst. unc. B NLO+ XH I& GoSame+Sherpa + XH 3
F Hoyy, \s=13TeV, 139 1" B NLowVE + XH A Sherpa (versenio) + XH ]
| antik, R=04, p_>30 GeV & STWZ BLPTW+XH [ MGS5aMC@NLO + XH ]
T B NNLOJET + xH =1 XH=VBF+VH+ttH+bbH
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 H — 7Z: STXS

* Very clean final state but small event yields:
— Must group STXS bins to improve sensitivity,
especially for VH & ttH processes
* Different analysis strategies used:

— ATLAS: cut-based categories,
fit to DNN discriminants

cuts & Matrix Element for categories,
2D fit to m(4¢) and ME discrim.

* Other highlights
- CMS: Matrix element to tag VBF 1-jet events
— ATLAS: ZZ + 0/1/2 jets & tXX bkgs freely floating

- CMS:

Events/2 GeV

—
N
o

e
- ATLAS

¢ Data
" H— ZZ* — 4l I ggF-+bbH M ZZ* .
100 |- Ys=13Tev, 139 fo VBF XX, VWV ]
VH W Z+jets, tt
% MttH+tH %7 Uncertainty -

120 130 140 150 160
m,, [GeV]

CMS Preliminary 2016 + 2017 + 2018 137.1 b7 (13 TeV)
%240 T T T TTTrT [TTTTTTTTT [RERRRRRRE EERRRRERE [T
¢ Data s

8 220 [1H(125)
~ 200 [ag—ZZ,Zy* -
8 Wog-2Z, 2y 7
S 180 mz+x =

7] 160

140
120
100
80
60
40
20

140

C

160

my, (GeV)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

[ Giovanni Petrucciani (CERN) [ April 2020 ] QCD@LHC-X 2020, 2 Sept 2020 arXiv:2004.03447 (EPJC)
| CMS PAS HIG-19-001

H — ZZ STXS stage o results

CMS Preliminary 137.1fb" (13 TeV[
ATLA ZZ-U]_ —— | LN LN L L B LI LI LN RN BN UL LB IR
ATLAS S 221] | ——l— | _ H—ZZ—4|
EXPERIMENT H SN ZZ* SN 4| 22 : mH pr0f||ed Goy (fb)
Vs=13TeV, 139 b ox| . )
Production Mode - |yH| <25 B T S S V- ¥
N/N,
—m— Observed: Stat+Sys SM Prediction ggH.,bbH 0.96%! H 9.95
[m] Observed: Stat-Only p-value = 91% B [fo] (0:B),, 1o
ggF E.EL] 1120 £ 130 1170+ 80 VBF 0.621?:; | f 0.45
VBF ' = 110+40  920+20
VH - 756" 52.4'27 VH 113290 - | 0.27
I — " 3 2t sl
B ! n ftHtH 01357 ta—o 0.06
Inclusive Elﬁa 1340 £+ 120 1330+ 80
‘ L L L L | s L " " ] L L " L | s L " L | L v bbb b b b b by s i
1 2 3 4 3 0051152253354455
oB/(oB)_, 0/0gy


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

~—\| Giovanni Petrucciani (CERN) [ Aprll 2020 ]

RN \ \

Y /
_\."_._ 7 4 ‘-

QCD@LHC-X 2020, 2 Sept 2020

22.0) ,
ATLAS A TLAS ZZ-1j —u:-—
EXPERIMENT H - ZZ* SN 4| 77.2) : -
Vs =13 TeV, 139 fb xx i
Reduced Stage 1.1 - |yH| <25 S R T R v Y '1.'8N'”\;
—#— Observed: Stat+Sys SM Prediction M
| [m] Observed: Stat-Only p-value = 77% c-B [fo] (G'B)SM [tb]
gg2H-0j -p:-Low L] 170 £ 55 176 £ 25
002H-0j-p*-High | - 630+ 110 550 + 40
gg2H-1j-p*-Low | - 50 + 80 172+ 25
gg2H-tj-p¥-Med | \E—m 170+50 119+ 18
gg2H-1j-p""-High : . 9"l 20 + 4
gg2H-2j u ' 40+ 75 127 + 27
gg2H-p/-High | - 38 +2! 15+ 4
qa2Hag-VH | - 21435 13877¢
qa2Haq-VBF | L m 1502 107.6 24
092Hqg-BSM - : 0.5 ji: 420+ 0.18
VHLep | - 20 +28 16.4+ 0.4
ttH : E I - 3 25" 15.47 17
| PR T N T T | | PRI N T T T L PR I PR 1
1 0 1 2 3 4 5 6 7
¢-B/(c-B)

CMS PAS HIG-19-001

H — ZZ STXS stage 1.x results

ggH-0j/pT[0,10]
ggH-0j/pT[10-200]
ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/pT[0-60]
ggH-2j/pT[60-120]
ggH-2j/pT[120-200]
ggH-2j/mJJ>350
ggH/pT>200

qqH-2j/mJJ[350,700] 171,

qgH-2j/mJJ>700
qqH-3j/mJJ>350
qqH-rest
qqH-2j/pT>200
VH/pTV[0-150]
VH/pTV>150
qgH-2j/mJJ[60-120]
ttH,tH

CMS Preliminary

arXiv:2004.03447 (EPJC)

13

137.1fb" (13 TeV

TTTTTTTT[ITTTT[ T T T[T TTT T T TT[TTTT T T TT[TTTT[TTTT
| | I I I I I I I

: H—ZZ -4l
My proflled ey (fb)

0.87 e 0.80
1.087,, 2.53
0.78 5 er 0.88
0.8275) 0.57
1.527 o8 | H+m—] 0.10
14773 | —=— 0.16
159705 Hm— 0.23
1167, | Fm— 0.11
0.007>2% gt 0.10
0.47 5, - 0.07

= 0.05
0.93% 5 F—a— 0.07
2.8977% - | 0.04
0.00°% % m—t— 0.25
0.00_*5’,55’: 0.02
32170 | = 0.11
0.00%; ) #— 0.03
0.57% 2 -m+— 0.05
0.07"507 bbb 10 908,

012345678910

o/ O



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

= Giovanni Petrucciani (CERN) [ Apr|| 2020 ]

QCD@LHC-X 2020, 2 Sept 2020

arXiv:2004.03969 (EPJC)
CMS PAS HIG-19-001

H — ZZ: differential & fiducial

* Most recent result from ATLAS:
- extensive set of 1D and 2D distributions
- ZZ background fitted in situ bin by bin

— comparisons to many different MC codes
(e.g. RadISH, NNLOJET, Prophecy4f, HTo4l)

* Also older result from CMS with more
limited set of variables & MC codes

* Fiducial cross sections:
Measured + stat + syst [fb]

SM prediction [fb]
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H — WW: differential & fiducial

, T TS > 10
* Differential distribution in 3
p(H) and number of jets <

— Regularization used for p;(H), s !
strength derived minimizing 3

global correlation on Asimov o

- Likelihood-based unfolding
(no Gaussian approximations)

- STXS definitions used for p(H) 107
and N(jets)
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H— tT: STXS

* Complement H — yy and 4/ in regions
where the o, is small and S/B good:

- High p; gluon-fusion, high m(jj) VBF
* Analysis highlights:
- State of the art T ID: DNN using PF candidates

- Dominant backgrounds estimated from data:
genuine tt bkg via embedding,
via fake rate method

* Traditional cut-based strategy:
- Split in T, Ty, UTH, €Ty, en and 0j/ VBF [ 21
- Fit m__ distribution in bins of p{(H) or m(jj)
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VH, H — bb _

ATLAS Simulation o
\s =13 TeV, 139 fb’ >
1 lepton, 2 jet, 2 b-tags 0.8
qq —» WH — Ivbb

Two analyses on full run 2 dataset

* Traditional analysis with anti-k;(R=0.4)
jets, using MVA methods.

— Similar strategy as H — bb observation paper
but with improvements in objects, MVA

control regions, background modélling ..
* Boosted analysis targeting p(V) > 250 GeV

SR

Low AR CR

-
mo
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Large — R jet
\Q Anti—k R =1.0
)N s 50 cev
- use large radius jets (anti-k; R=1.0) with |
substructure info, and track jets for b-tag

- cut-based categorization, with groomed jet
mass as final discriminant

¢ HighprWorZ
pY > 250 GeV
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Combined STXS ATLAS

* Including full Run 2 yy, ZZ, VH,,

* H—ZZ" taken as reference for
defining the cross sections

* Measure 29 STXS bins:

- Merging mainly 2-jet vs 3-jet VBF,
0-jet vs 1-jet VH, and few other
bins in p+(H) or p(2Z)

* Uncertainties in 15-100% range

- except tH (300%), ggH p; > 450
(150%), and one qqH m;; bin (150%)
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H — pp
° 1<I I g %IATLASHHHIIIIIIIII;IHIHHHI?
Mos;]’zpromlsm.g channgl to test couplings & ol ATAS | son oa E
to 2" generation fermions oL WDboson
= M Top E
* BR¢y(H— pp) ~ 2.2 x 1074, and large e —Homodoo ]
. . = * . yst. uncert. 3
irreducible DY — pu background i -

- S/B ~ 0.1% for inclusive events at 125 GeV

* Strategies to increase sensitivity:
- Improve o(m,,,) with FSR recovery, and
constraining tracks to beam line (CMS only)
— Categorization & MVAs to select events at
high S/B, e.g. from VBF, VH, ttH

- More advanced signal extraction method 80 90 100 110 120 130 140 150 160
[GeV]
M-L

Data/Pred.
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H — uu signal extraction

* The background is dominated by very well known DY — up.
Can rely on that to improve the sensitivity of the analysis.

1. Estimate bkg in each category R T
as product of a common fixed R
core pdf and an empirical pdf N } {

- Can achieve good fit quality and
acceptable bias with a reduced )
number of degrees of freedom 8

- Used by ATLAS in all categories. 5
(very similar approach used also g
by CMS in the ggH categories) g

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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H — uu signal extraction

. Signal region, post-fit Sideband, post-fit
2. MC template_based anaIySlS, (115<m““<135) (mqu11o_115+135_150)
including m([J.[J.) in the MVA. e @®sTew) o 137R(3TeY)
H . 51 "& CMS Preliminary ¢ Data H-- E 10°F CMS Preliminary ¢ Daa  [WZj-EW
- Bkg at hlgh S/B COI’]StraIned by 5126 VBE-SR Run2 g B zij-EwW .D.YMl Lﬁms VBF-SB Run2 g .DIY .TJ(J)pOuark
data at Iower S/B bins and m“u 105 my=125.38 GeV !lgiQuark !gD;t::)son m,, = 125.38 GeV [ biboson

sideband (fixing m,, = m,, when
evaluating the MVA there)

- Requires good MC modelling:
theory (e.g. parton shower) and
experiment (JEC, pileup).

Rely on past VBF Z experience. :

- Used by CMS for VBF channel, I T S R S
gain in sensitivity ~20%

SRR s =



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/index.html
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H — uu results

Data - Bkg.

@ CMS, 137 fb™' (13 TeV)
"‘“ S L L B L BN ELALALELE BN
700 ATLAS+DataL /—— | CMS Preliminary $ Data E
600/ {s=13TeV, 139 fb" —Totalpdf © 700 All categories T S+B =119 7
- : — Signal pdf = 5 - S/(S+B) weighted ... Bkg. component
5008 H — K. In(1 + S/B) weighted . Bkg. pd = 3 %R m, - 125.38 Gev —— 5
400 = 8 500 [J+20c E
— ] = r b
300 — _%400'_ N
- = = _
200:_ — 8300
- - +
100 — v 200F
= I I S = P joof
0 1 | L1 1 1 I L1 1 I| L1 1 I| L1 1 I| L1 1 1 | L1 1 1 | L1 1 1
dj 5 T T 17T | T T 17T I T T T1T_T1 I T T T1TT | T T T | T T T | T T 17T | T I{
s ? t s | &
w O ;
110 115 120 125 130 135 140 145 150 155 160 8 _5 111 | 1 11 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 111 | L1 1 I{
m,, [GeV] 110 115 120 125 130 135 140 145 150
m,, (GeV)
Signal strength: n=1.2+0.6 Signal strength: p=1.2+0.4

Significance:  2.00 (1.70 expected) Significance:  3.00 (2.50 expected)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/index.html

Giovanni Petrucciani (CERN) [ New. ICHEP 2020 ] QCD@LHC-X 2020, 2 Sept 2020 arXiv:2007.07830 (sub. to PLB) 27
\ ’

H — uu results

| T T T T | T T T T | T T T T | T T T T T T T T ] T T T L
ATLAS Vs=13TeV, 139 fb" H—pp [ExXperivent
Fe-{Total Stat. [ Syst. | SM Total Stat. Syst.

VH and ttH categories I o | 5.0 £35 ( £33, £1.1)

ggF 0O-jet categories —@— -04 £16 ( £15, £0.3)

ggF 1-jet categories — 24 £12 ( 1.2, £0.3)
ggF 2-jet categories e 06 £1.2 ( £1.2, £0.3)

VBF categories —— 18 £+1.0 ( £1.0, +0.2)

Combined e 12 £06 (06, 9%

| 1 | | 1 | | | | | | 1 | | 1 | | | | | | | 1 | | | | | | | I

-10 -5 0 5 10 15 20

Signal strength

Signal strength: n=1.2+0.6
Significance:  2.00 (1.70 expected)

CMS PAS HIG-19-006

137 b (13 TeV)
r~ 1 11

Combined [i = 1.19%)

CMS Preliminary
T T T ‘ T T T I T

—— Combined best fit p =

- --- SM expectation

[ 68% CL
[ J9s%cCL

my, = 125.38 GeV

ggH-cat. u = 0.63705°

VBF-cat. | p=1.36"%

ttH-cat. | W =2.32"%%

VH-cat. u=5.48+>10

Best-fit

Signal strength: p=1.2+0.4
Significance:  3.00 (2.50 expected)
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H — uu results (&5

> [T L o L EXPERIMENT

EE | ATLAS Preliminary ]

= TE Vs5-13TeV,245-139 10" 7.4

S - m,=12509GeV,ly,| <25 p, =84% & 3

E""> - SM W -

S T SM Higgs boson - _|

102 ol E

= ¥ b 3

10° . =

S 2 3

i mg(m,,) used for quarks ]

107 - =

- = u! | J | | -

g 1.4 B
o

> 12F -
¥

20— o — -

08F. .. ‘ . . -

10 1 10 10?

Particle mass [GeV]
Signal strength: n=1.2+0.6
Significance:  2.00 (1.70 expected)

Coupling mod.: K, =1.12 %026/,

CMS PAS HIG-19-006

CMS,

g 35.9-137 fo'' (13 TeV)
E Y ; ||_ 1 T LI IIII T T LI III| T T T TTT I\l t T |
GEJ = CMS Preliminary wZ "
© - o
= - my, =125.38 GeV e 1
2 407 3
[@)] £ R 3
= - : 1
B_ i "
8 -2 T bf"
c 107F o E
k=) Lo ¢ Vector bosons
R [ ] TR ¢ 3" generation fermions
F 7 ¢ 2" generation fermions ]
----- SM Higgs boson
107 ¢ E
E -I\l 1 1 11 | III| 1 1 11 | III| 1 1 11 11 I\l 1 7
UJ 1.5:I1| T T IlIIIIl T T ITIIIIl T T IIIIIIl T :
R 3
o ptttommmemmmeees }"‘E ----------------- A-- -
.‘(_U' :I\l 1 1 11 | III| 1 1 11 | III| 1 1 11 11 I\l
@ 0550 1 10 107

particle mass (GeV)
Signal strength: p=1.2+0.4
Significance:  3.00 (2.50 expected)
Coupling mod.: k=113 %%/,
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* BR(H—>Zy—0y)=0.5-1074 ata
- Similar BR to H — 4¢, but larger 40 jSEJBkg Fit
background from Z y production

Frrrrprrrrp e rrp e Tt
* Asin H — py, key ingredients are:

2

(48]
— Improve signal mass resolution: FSR = ok
recovery, kinematic refit of Z — 0¢ N i

- Improve S/B via categorization: BDT
targeting VBF production; p; and p+,

ATLA>

H— LYy 5 was T
© 8ok (s =13 TeV, 139 fb” =

% N All categories ]

 SU(2), symmetry ties together the > 70# N1+ 69/ Bea) weighted sum
HWW, HZZ, Hyy, HZy interactions = ok i

— If heavy new physics respects SU(2),, 2 - E
correlated effects across the four sof = E

Signal strength: u=2.0+1.0
Significance:  2.20 (1.20 expected)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
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E——— i i iani - ATLAS-CONF-2020-0
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\_\‘}‘_\_ 7-.‘/ / -E 6 _I IIIIIIIIIIIIII | IIIIIIII | TTTT I TTTT ‘ TTTT | TTrT I_
@ & 10°F ATLAS Prellmmary 4-Data  \ Uncertainty 3
C Vs= 13 TeV, 139 fo'! H ]
VBF H — WW
EXPERIMENT D § ° .Other H AWt 3
> B *
W el . Www W2 N

Mis-d  [other vv 3

* Dedicated analysis to probe for VBF
- Using only the cleanest ey final state

* Use DNN to discriminate the VBF
signal from the backgrounds

— Inputs are 15 kinematic variables g WE T T T E
built from leptons, jets, E,™ = "21;‘ . M&\
— Best S/B ever achieved in HH-WW? 8 0.85— §
0.6 . . . !
* Measure oxBR for VBF H - WW: 5
5 4
Obs. * stat. * syst. | SM prediction = 3
+ 2 2
0.85 +0.10 ;7 pb ‘ 0.81+0.02 pb T
Significance: 7-06 (6.26 eXpeCted) é o0 SHots g o2 [0-?&(359][0'59,0.73][0'73053,[0‘*303 [0‘99093][093’00]

CRs DNN output in SR


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-045/
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\

WN__/ VY
e~
70 CMS Preliminary 137 fb' (13 TeV) CMS Preliminary 137 1b” (13 TeV) 80 CMS Preliminary 137 1b' (13 TeV)
I 2 "L 21ss + 01, tTH node, p(tiH)=( 1402 5‘65 + 0t,, tHq node, E(L‘Hkﬁ . 2l ss + 07, ttW node, p(ttH)=ji
S o ; : [ + Data akes  [[]Flips J i
4 I ¢ Data [ Fakes [ Flips r ) + Dat [SjFakes  [[]Flips
w60~ [JConversions []Rares [lZZ [ CJConversians ClRares  EWZZ 70 [ Rares mwz B tEw(w)
o 1 - 120 EWZ W tWW) 2
- mwz Wtww) [tz F mEVHiggH+qgH  EEH i
50— W+ WiH Uncertainty L Uncertainty

100F-

* Extended 8ofb~" multilepton
analysis to also target tH
— use multiclass DNN to separate

ttH, tH and backgrounds in 20ss, -
20ss +1T,, 3¢ categories. g SUTRTNNEL LA
° ttW and ttZ fitted from data  ? o T e
- Improved MC for ttW adding . ; | ows reimny 5Ty

ag,° and ac-ag,2 contributions S e ]
n 2.55— H — WW/ZZ/tt _E
Signal strengths | Bkg norm factors %W 2 E

1.5 . . 7
- , ~. 4
L A N 4
- N N 4
“

ttH 0.92%%% ttW 1.42 £ 0.21

~0.23 ' t 3 +® E
0.5/ ]
tH 5.7"%" ttZ 1.03+0.14 @666<?\ 0 awootregor

---95% CL region
[ JHEP 02 (2018) 031 ]

-0.5 - @ Bestfit 4 SM expected

I T BT PR NS P TR
™05 0 05 1 15 2 25 3

l'LttW

Significance for ttH: 4.70 (5.20 expected)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-008/index.html
https://doi.org/10.1007/JHEP02(2018)031

Couplings,
EFT interpretations &
CP studies
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Couplings in k framework

* Combinations are a moving target. Current state of the art:
— ATLAS: full run 2 yy, ZZ, VHbb, uy, invis. (+ all other channels at 36 fb~")
- CMS: full run 2 ZZ, and 80 fb~" yy, tT, VHbb, ttH (+ WW, u, ...at 36 fb™)

35.9-137 fb™ (13 TeV)

ATLAS Preliminary CMS ® Observed
(s=13TeV,245- 139"  68% CL— Prefimi — +10 (stat ® syst)
reliminary — 42
m, =125.09 GeV, <25 426 (stat @ syst)
H I D/Hl 95% CL I pSM = 72%
Kz e —— -t . , Best-fit
I "1.02£0.06 | B Ky — - 09675
Kw e —— — L ;
:1.06+£0.07 | : Ky . - qqr0s
K ; —— : |
11.00£0.12 B ; o2
K. : S fice| —e— 0.947012
:1.05+0.15 | | - : oo
Kgq —-—— IKbl ! * 118 -0.27
:1.06 £0.08 | ; 4 ~ :
Ky —— - ieg T— 1.16.57;
L :10.96 £0.09 : 5 4 - .
B | 55,0 . | — 1015
Bu. Psu= 92% %—1 |Ku| 'I 0.92 gg?
{ ‘ ‘ | | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
0.8 1 120 0.5 | -2 -1 0 1 2

Parameter value


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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VH, H — bb: SMEFT interpretation

arXiv:2007.02873 (sub. to EPJC)

arXiv:2008.02508 (sub. to PLB) @

* STXS yields parameterized at LO in Warsaw basis using SMEFTsim
- Acceptance effects small (10-20%), neglected in interpretation

* Set limits on individual parameters, and 4-5 eigenvectors from
perform principal component decomposition of the full covariance

ATLAS Resolved
- 68% CL ---95% CL
B Linear (obs.)

e Best-fit (obs.)

Linear + quadratic (obs.)

Vs=13TeV, 139 fb"
VH,H = bb, A =1TeV

Linear Linear + quadratic

68% CL 68% CL
Chga [x 10.0] - = [-0.017,0.029]  [-0.018, 0.026]
Cyy [x5.0] e e LOED [-0.081,0.22]  [-0.19,0.10]
Chyy [x2.0] e [-0.17,0.21]  [-0.24,0.18]
Cwg [ 0.5] - [-0.46, 1.3] [-0.44,1.1]
e [x0.05] rmmmminnnnes —e [-13,3.3]  [-10,3.8] U[29, 43]
B B S I

Parameter value

cipy [x 10.0]

Cyy [%5.0]
Cpy [x2.0]
Cowg [%0.5]

e, | [x0.05]

ATLAs Boosted
—68% CL ---95% CL

Vs=13TeV, 139 fb"
Boosted VH, H — bb

B  Linear (obs.) A=1TeV
Linear + quadratic (obs.)
¢  Bestfit(obs) Linear 68% CL
— e [-0.03, 0.03]
R - . [-0.16, 0.19]
R RN , [-0.39, 0.42]
[-1.5, 2.0]
(EEEE ——— o
[-4.0, 5.8]
................................... ﬁ.' R p———
| | 1 | | I | i I.l 11 I |
-3 -2 -1 0 1 2 3

Parameter value

34
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| Giovanni Petrucciani (CERN) [ Apr|| 2020 ]

H — 4¢: SMEFT interpretation

QCD@LHC-X 2020, 2 Sept 2020 arXiv:2004.03447 (EPJC)

* STXS yields parameterized at LO in Warsaw basis using SMEFTsim

- Acceptance effects are important, e.g. from my, cuts: estimated at particle-
level and parameterized as function of ¢, Cigy Chwe ©F Chws Ches CHwE

* Set limits on 1-2 parameters at a time

A TLAS Expected: Stat+Sys
H— 272" — 4l = Observed: Stat+Sys
{s=13TeV, 139 fb’
SMEFT [ Observed: Stat-Only
CP-conserving
Best-fit 95% CL
Chw ' m 05 [-3.4,2.1]
Chg i 003  [-0.62,059]
Chwa - 0.1 [-1.1,1.0]
Chc i 102 0001  [-0.008,0.007]
CiH n 5-102 6,18 [-18,30]
....... P T S SR
—2 0 4 6

Parameter Value

Modify HVV coupling (C,g also Vff ones)
Constrained by BR H—4¢ and o(VBF, VH)

S—

} Generate Hgg coupling — constrained by o(ggH)

} Modify Htt coupling — constrained by o(ttH)
as in SMEFTsim LO ¢ ,, doesn't modify o(ggH)

35
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H — 4¢: SMEFT interpretation

* STXS yields parameterized at LO in Warsaw basis using SMEFTsim

- Acceptance effects are important, e.g. from my, cuts: estimated at particle-
level and parameterized as function of ¢, Cigy Chwe ©F Chws Ches CHwE

* Set limits on 1-2 parameters at a time

A TLAS Expected: Stat+Sys A TLAS Expected: Stat+Sys
H— 272" — 4l 1 ®— Observed: Stat+Sys H— ZZ" — 4l = Observed: Stat+Sys
s=13TeV, 139 fo =13TeV, 139 fb™
gMEFT [ Observed: Stat-Only fMEF?I' € 39 1o | Observed: Stat-Only
CP-conserving | CP-violating |
Best-fit 95% CL Best-fit 95% CL
Cuw . 0.5 [-3.4,2.1] Civ - - +06  [24,24]
Cug . 003 [0.62,059] Cq . 000  [-0.56,0.56]
Cuwe ;. 0.1 [-1.1,1.0] CH\TVB _ 0.0 [-1.0,1.0]
Cha .. 102 -0.001  [-0.008,0.007] C& . 102 0.000  [-0.029,0.029]
CuH n : = -5.10% -6,18 [-18,30] C’GH n : - .5.102 +21 [-50,50]
R T S B [ B N B S R EE P SR |
—2 0 2 4 6 -2 0 2 4 6 8

Parameter Value Parameter Value
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— VBF H(4€) vs qqZZ+2j

H — 40: AC & EFT analysis

* Dedicated analyses for anomalous couplings, W
separately to probe HVV and Hff+Hgg couplings
— Including SMEFT interpretation in the Higgs basis

* Higgs production modes categories (~ STXS stage 0),  [fls—————
and them multi-dimensional binning in discriminators: o
SM vs a, amplitude
- Dy @gainst qqZZ, using m,, & Matrix Element (hzZ,,0p., C;7)
- Discr. for different AC hypotheses from ME | MVA (for ttH) AR
- Up to 7 dimensions in VH & VBF categories -
* Signal modelled as combination of templates
- Generated full-simulation of SM and some AC benchmarks
- Use per-event matrix element reweighting to create more

-
o
T
|

Events / bin

10 =

Events / bin
|



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-009/index.html
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C

H — 40: AC& EFT analysis

* SMEFT result for HVV analysis, fitting 4 coefficients simultaneously
— Cgg 3 Cgg INCluded and profiled away; no ttH category — insensitive to ky, K,
- ¢,y & ¢, set to zero, assuming tightly constrained by BR(yy), BR(Zy)

Coupling Observed Expected Observed correlation
0.27 0.10
oc: —0.257 75, 0.007555 1
Czz 0.0370 10 0.00f57z +0.144 1
€201 —0.03700; 0.001905 —0.186 —0.847 1
Crz ~0.11793 0.0070¢  1+0.077 —0.016 +0.009 1

Approx translation to Warsaw basis for comparison:
8C,=0.2 > Cy;=3.3; C,;=0.2 — Cuw = Cypg =0.45 (and same for CP-odd)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-009/index.html
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N PRL 125 (2020) 6, 061802

CP: ttH & tH with H — yy

Analysis strategy:

* Build MVA discriminator for ¢
CP-even vs CP-odd top quark :
couplings, for ttH (CMS) or )
ttH+tH (ATLAS)

* Categorize events in CP MVA

bins and Sig vs Bkg MVA bins

Vs =13 TeV, 139 f5"

¢ Fit mYY in aII Categories 00 0.1 0.2 03 04 05 06 07 08 09 1

Hadronic Bkg. Rej. Discriminant

n e
w

o
w

raction of Events
2 o
Z w no

Fraction of Data Events

ATLAS
fs=13TeV, 1391b’
e Data
—— SM1ttH + tH

- 0 =90° Kk =1 ttH + tH

00 0.1 02 03 04 05 06 07 08 09 1

Hadronic Bkg. Rej. Discriminant

oo
L)
L NS

oeoo

Fraction of Events

- [ ]
0 0 1 02 03 04 05 06 07 08 09 1
Hadronic CP Discriminant


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/index.html
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CP: ttH & tH with H — yy

* Constrain CP mixing angle or CP-odd fraction of coupling

- [fepl = [R[> [ (&[> + |R[?) = sin(acp)?
CMS supplementary 137 b (13 TeV)
e L, FL I s m m s s e s B e e e S e B B e B B e s e e - L L L L L B
% 18- | l | : I | = £ 10~ Cm
J 16 TN "‘ § Leerwor o/ : >
EXIF&MENT 14_ Ob d L1 :
12— 7 E— serve
ol Ja=180°" | A fp=1
10_ 9 p CP-odd JCP-even, Expected CP-odd
81 3 p -k, = -1 S AT
- : ; 1™ 95% CL |
6__ 1 "
42_ Total g5y, L
C _ -1 n
of /s =13TeV, 139 fb Stat. E s8o0 GL
0 :n v v v b Py gy Lo v o by o T . :_-.- --’-'-'-‘ --------------------------------------
150 -100  -50 100 150 0 = [ IR I R
CP mixing angle o [deg.] 0 0.2 0.4 0.6 Hit
| fep |

95%CL limit: [a| < 43° ([fcp| < 0.47) 95%CL limit: |f.p| < 0.67 (|a| <55%)
Pure CP-odd excluded at 3.90 Pure CP-odd excluded at 3.20


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
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CP: T decays

Physics textbook analysis strategy:

* Select H — T, T, or u T, , with t, decays
to m*, p*(mt*m®), a*(m*mom®), a ()
* For each T reconstruct a decay plane

- For 1-prong decays (u*, t*), use the track
impact parameter vector and momentum
to build the plane

* Use the distribution of the angle ¢ ;
between the two T decay planes

CMS PAS HIG-20-006 — 41

CMS Simulation Preliminary

13 TeV
: e : T S I R

< 0.1 —CPeven —CPodd |
T 20 —CPmix —Z
TT

0.08}

0.06}

0.04}

0.02:

TT — TITT p§>33GEV ]
T S I T S ST I O S SO |
0 50 100 150 200 250 300 350

¢Cp(deg rees)



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html
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CP: T decays

CMS Preliminary Hp 137 fb~! (13 TeV)
[

I Data
Bl BestfitH — 17
i — T Embed.

Experimental aspects: = e

1 — BestfitH — 11

* Dedicated t ID to tag decay modes
* Multiclass MVA to separate H — ttsig. v IE{PL _5_{__{“__5 ...;..ﬁ _ﬁ%ﬂkl},ﬁ Bt o

vs two main bkgs: genuine [Z— |tT Sl ¥ Tk & AMSLLEN AP
N ° 0 10 20 30 40 50 60
events & reducible (jet — T) B e
C]\l/IS‘PrieliWinlary . plp _ 1|37Ifbl’1 l(13|T9:V)
* @ binnedin slices of MVA signal score  wplul i @ p o b o Tk e
i i jet = 1
— separately for each decay mode ' = Oers

— Bestfit H — 17

* Background estimation as STXS H — tt:

T embedding and fake rate B :'::,:::',::':!::}:: .
R (R VLS g Tl
- _g CPiITiplptel LDt Y ITHEIL I
0 10 20 30 40

Bin number


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html
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CMS Prehmznary 137 fb !
10 E —_ Observed ¢°bs _4117 (68|% CIET
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ATLAS
[ ] [ J [ J
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9 10° E — H(B,, = 0.13) -
c an 3
(0]
>
L

* Search for Higgs boson decays to
Dark Matter (mg,, < my/2)

i oM v My I
* VBF offers. the best.balance of § ;jm \\\\X\%\\w&g%
cross section & purlty "k 1000 750020002500 "—3000 35002000 45005400
. m; [GeV]
* Dominant backgrounds from .
. H — Inv SR
Z — vv and W — @v (with lost ¢) z_>eeCR+, 7 v
- Estimated from simultaneous fit Wt CR
using CRs of Z — 00 and W — fv e... CR — L | PW— 0V
.. et — e
* Sets world's best upper limit: (low Swer) ' fake ( multijet
- BR(H—inv) < 0.13 (exp. 0.13) €fae CR (anti-ID) || Jet data
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Hgsm — YY

* Search for a generic spin-0 or spin-2
resonance decaying into a photon pair

* Inclusive analysis, no categorization

- Background modelled with analytic
functionsasin H — yy

— Probe both NWA and I'/m up to 10%

* Upper limits on 6xBR in 10 - 0.02 fb

— Largest local excess 3.30 at 684 GeV,
Global significance 1.30

o, BR [fb]

1072

10

10-1§

ATLAS-CONF-2020-037 @

LI LN LA LN N N N N B N R

| ATLAS Prelminary '} pa ATLAS

Vs=13 TeV, 139 fbr ——— Background-only fit

-------- Generic NWA signal at 0.4 TeV.
............... Generic NWA signal at 1 TeV
-------- Generic NWA signal at 2 TeV

§ E# *+fh#ﬂ#;ﬂﬁt%rﬁﬂmﬁi#t##ﬁﬁ#ﬂm“thtmM%‘ﬂr L ;Lu u LL A : WJ Q k
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—— Observed CL, limit .
______ Expected CL. limit ATLAS Preliminary

= [ Expected + 16 {s=13TeV, 139 fb™
) g e, Spin-0 Model

from pseudo-exp. NWA
------ Expected CLg
from pseudo-exp.
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> 1ot - L 10p — TLAS
K] ATLAS Preliminar y + Data IZZ T = ATLAS Preliminary } pata Izz EXPERIMENT
P Vs=13TeV, 139 10" ©

« H = ZZ »p'puu — el

% 9gFMVAhigh aur o [ 2

[=

g 2

] w

o NWAm, =600 GeV
DUI‘ICBI‘taInW 50 x obs. limit

Hgepy — £L2

* Exploit both 40 and 2¢2v final states to
increase reach at high mass /
f

i

Consider both Narrow Width Approx. e+ T

{
and I_/m — 1%, 5%, 10%, 15% benChmarkS 10§ ?_TLASIPreimnary | —-—gb;erveg]lgll__sl!ml
L fs=13 TeV,1:?9ﬂfE" I : :g‘g ifslmlt
- Including interference H,,c — Hgsw — 88ZZ bkg "5 ok et 5(
o Expected CL_ limit (I"/ v¥)
(] 107" B4 -

H — 40 strategy

- Use NN classifier trained against ZZ bkg to
define high purity VBF and ggH categories

102 S | <

107°

95% CL limits on o .. x BR(H— ZZ) [pb]

- m(4l) used as final discrim. variable in fit T e
10g T T T
* H— 20 2v strategy - sy — o
- Cut-based categorization for ggH & VBF TE e o e 2o

----- Expected CL_limit (/" vv) ]

- Transverse mass m; used for fitting$

* Set limits on 6xBR in 200-2 fb range
— And interpret them in 2HDM benchmarks

105 E

95% CL limits on o, x BR(H— Z2) [pb]

1073 | 1 |
500 1000 1500 2000
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A lot more that | didn't describe

all using full LHC run 2 data!

ATLAS CMS
VBF + y H — bb [new!] HH — bb 4¢ [new!]
H* oo — tb [new!] ZH, H — invis [new!]
HH — bb WW H — vy +invis

VBF HH — 4b H— 72y — 40
H— Za — 00 jet H—>Zp,Z

H — 77 mass ggH, H — bb

MSSM H — T

H— el (LFV), ee (1-2 slides in backup for most of them)

All ATLAS results: Higgs, HDBS All CMS Higgs results: papers,
preliminary results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults

Conclusions

Wealth of Higgs boson results from full LHC run 2 dataset:

* STXS and differential measurements with many bins.
ttH differential measurements, and improved tH constraints.

* Fiducial cross sections at 10% precision, and K's at 10% or better,
EFT interpretations and dedicated EFT analyses

* First evidence for 2"d generation fermion couplings,
and first bounds on CP violation in 37 gen. fermion couplings

And a lot is still to come...



Giovanni Petrucciani (CERN)

END

QCD@LHC-X 2020, 2 Sept 2020

50



QCD@LHC-X 2020, 2 Sept 2020

Bonus (things | didn't cover)

Including older slides from "HH, Rare & BSM" talk at LHCP 2020
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HH — bb 4/

Ay /\)
_\}‘_._ i ) /

Based on H — 4¢ analysis,
requiring 115 < m(4¢) < 135
Make H — bb candidate
- p(jet) > 20 GeV, |n| < 2.4
- If > 2 jets, pick the two with
highest b-tag discriminator

Use BDT to separate HH from
backgrounds fH ZZ, ttV)

— Most discriminant variables:
jet b-tag values, m(jj), AR(HH)

Set limits o, < 30xSM and
-9 <K, <14 at95% CL
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10

Events / bin

102

Data/S

/H, H — invisible

arXiv:2008.04735 (sub. to EPJC)

CMS,

* Interpretation of Z,, + MET Dark matter search
* Dominant bkg are WZ and ZZ, from data in 3¢ and 4¢ CRs
* Set 95% CL upper limit BR(H— inv) < 29% (expected: 25%)

137 b (13 TeV)

CMS my,m_ =1200,300

0-jet signal category

GeV ¢ Data
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NV 2 0125 aLas Simuation Preliminary [y ]
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* Look for VBF H — bb with a hard O 06 0402 0 02 04 06 08
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— Suppress QCD background § 180~ @:1;;/, 152 1 gw_tq =
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— rrovide handie to rlgger events E 140;— HighBDT Region Non-reson: bEZﬂ+Zyjj+Hyjj_;

- Select only WW fusion (ZZ fusion 1205 E
suppressed by ISR-FSR interference) 123}4« E

* BDT against non-resonant bbyjj 60 41t ", E
) . 40:_ + '*"-+-..+_._E
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2009000 ATLAR
*o — tb h o< .
H BSM t Sedadrc T <t Same data & DNN training, but
19000000 —=—— different m(H*) hypothesis tested
,_.mH)=200Gev _~ m(H)=800CeV
* Look for tbH* — ttbb production TSI mimen | 1 AT e
2000 l+jets, =6j >4b L A - 25001 l+jets, 6] 24b :; .
- Dominant production and decay ot = N S
mode in MSSM at low tan(p) St : St

* Select the ¢ + jets final state,
main background tt + (b-)jets

- data/MC corrections derived for tt vs
N..;s and H; in events with =2 b-jets

- tt + 21 b & tt 21 ¢ normalizations kept
freely floating in the fit

* DNN parameterized on H* mass

- Single DNN training with all masses

- Signal extraction for each mass point
separately from DNN output shape

Data/Pred.
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H — yy differential: SMEFT interpretation

* Likelihood built from product
five 1D distributions p;, N.

py", my, A, and their o

] QCD@LHC-X 2020, 2 Sept 2020

ATLAS-CONF-2019-029
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EEEEEEEEEE

S
ATLAS Prellmlnary

L H — yy, \s=13TeV, 139 fb™ Bl Observed 68% CL -
SMEFT Interference-only Observed 95% CL
covariance matrix C,. 1109 i
* Signal yields per fiducial bin G, [107 s
derived from SMEFTsim a0
: : Cow [107] b
— LO ratio of SMEFT/SM yields HwW !
applied on top of SM prediction Cy R
B . : : ,
Keeping O|?ly tfarn.ws linear in 1/A G, [107 N
* Warsaw basis, fitting one S
. C,5 110" 1
operators at a time B -
* BR(yY) SMEFT parametrization fHWB [107]) —
from arXiv:1906.06949 Camgl10]  EEEEEEE
15 1 05 0 0.5 1

1.5
Parameter value


https://arxiv.org/abs/1906.06949
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Higgs boson self-coupling

* An essential component of electroweak symmetry breaking

V(@) = -2 [0'0] + A[OTOR %0
\> Q
. ' 4  q)/ \\CD
/=
. =V, +VmpP2H>+ AvH3+ /4 A H4
' Ty . H l
A T RGP rhe // H+ -H
*Ref v / RN
H=% o«
\\\ H/’ \H
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HH production in the SM: gluon fusion

* Dominant HH production mode in the SM is gluon fusion,
driven by on self-coupling A and Higgs-top couplings A,
- ou(ggHH) =31fb [ ~1/1500 of o(ggH) ! ]

[ PLB 732 (2014) 142-149 ]

g At H

I I I I I E
g T H g A, H HH production at 14 TeV LHC at (N)LO in QCD ]
- J Q000 - M,=125 GeV, MSTW2008 (N)LO pdf (68%dl) |
- H )/ | L‘““"-ﬂ,,‘ -
= @+ il o E
\\H At N : = ""---..______._ DD’D“h:- [ N =
g . ’ QY ~- : .,

* Destructive interference between the
two contributions: o larger at A = 0!

[Ke:= A ASM Ky = A Agy ]

i [ 1 Ll
aMC@NLO

MadGrapht



https://doi.org/10.1016/j.physletb.2014.03.026

Giovanni Petrucciani (CERN) QCD@LHC-X 2020, 2 Sept 2020

HH production: vector boson fusion

* VBF is the second production mode, with o,, = 1.72 fb
- ~1/20 of ggHH, ~1/2000 of VBF H

* Receives contributions from self-coupling HHH, HVV coupling (k,,
well measured in single Higgs), and HHVV quartic vertex (k,,).
- K,y = K2 if H is part of a SU(2), doublet, as in the SM or the SMEFT.
- Otherwise, large increase in 0,5 possible: V, V,— H H would violate unitary
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HH — bb W, W,,

Phys. Lett. B 801(2020) 135145

IIIIIIIIII

* First HH — bbfvlv analysis at ATLAS

* Multiclass DNN to separate HH from
3 main backgrounds: tt, Z(00), Z(tt)

- Inputs are individual leptons, jets, E;™ss,
high-level variables (e.g. AR,,, m,"")

- Output dyy 3= IN(Pyy / Z Pig)
* Signal regions defined by d,,,, cuts :
* x8/x3 better sensitivity than old

Events /1

=1 T T T :
© 0301~ ATLAS Simulation — HH 4 @ 107 ATLAS . - Ea‘a
— Top | E ‘=13 TeV, 139 fb ! °p
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HH — bblviv pre-selection Z-ll T 10 Selection: T Other
B — Zrr ] 105 SR, SF+DF and no d cut HH (x20)
104
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~
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36 fb~' analyses from ATLAS*/CMS:

0
T 15

N
N
N
J

- Set limit at 6, < 40xSM (exp.: 29xSM) <’

o 05

[*] older analysis was for the H— WW— 0vqq, qqqq decays
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https://www.sciencedirect.com/science/article/pii/S0370269319308676
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a TLA % " ATLAS Simulation
VB F H H 4b B %200__ Is=13TeV, 126 b 0004
E - SM non-resonant HH in SR+VR+SB
: : 150(- SR
* Target the more extreme kinematic of k,,, # 1 -
- Tight cut-based VBF cuts: m; >1TeV, |An,[ > 5 B /T W
* Largely based on earlier HH — 4b search 100
on 36 fb~" dataset [JHEP 01 (2019) 030] i SB
- Same strategy used for HH — 4b selection: ARy, 50 100 150 200 °
o . ° ° . mlead [GeV]
cuts dependent on m,,, elliptic signal region in 2
the plane of the two m,, masses .
- Same estimation of main QCD multi-jet and tt T OOk RIS SRR ATy ey
background: from events with 2 b-tags, with ' e

weights derived in mass sideband

* New b-jet energy regression using a BDT
- ~10% better b-jet energy resolution

d3Hr 03°gns ‘g/150°100T:AIXIE
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VBF HH — 4b TL

EXPERI

* Use m(4b) as final discriminating variable
- Searching also for resonant VBF X — HH

* Focus on probing anomalous k,,,
_SetKV:1, KA:1
- SM ggHH negligible with present sensitivity

* Set limit -0.56 < K,,, <2.89 (@ 95% CL
(expected limit -0.67 < K,y < 3.10)
- First constraints on k,,, at LHC!

— But still far from sensitivity to SM VBF HH.
Set upper limit o/o.,, < 840 (exp. 540)
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Constraining self-coupling from single H

o0, [%]
* At NLO, single Higgs observables are I
sensitive to Higgs boson self-coupling eI
. .~ A L o SO DR '
- O(1%) corrections to o, and BRs for Ak, =1 o *
Largest effect inclusively is ~3.5% on o, i
- Use of kinematic information, e.g. p;(H), f
can enhance the effect further (~x2-3) o
:: e B—
K, S ool
Q0000 S ol
H :K 0.00
A " Ao H 28 | | | ‘Differential

' 2.0 _‘_I_I_I_I_I_‘ Inclusive
Hl . 15}

9
g -0 —= 7 s 9
o 1
K 0.5
t 0.0
05 . . . . )
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pr(H) [GeV]
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http://dx.doi.org/10.1007/JHEP12(2016)080
https://doi.org/10.1140/epjc/s10052-017-5410-8
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Constraining self-coupling from smgle H

359137 fo' (13 TeV)
1 L

G10-61-DIH SVd SIAD

» Explored by both ATLAS & CMS in the CMS | " e
latest single-H combinations = ‘:;‘
— ATLAS also including some kinematic i
information via STXS in VH & VBF prod.
* Constraints comparable to HH searches but j

only under tight mode assumptions

—_ A” Other COUpIingS ﬁXEd tO SM, ; j:_HATlLAS Fl’rellml‘nary ll”l::g%gtlaéeHI;ggggss_;
or only floating k,, or only K @w T I =
: " : 14
 ATLAS: also combined H + HH fit ATLAS 5 18
- Tighter constraint in k,-only fit Ls80fb *ros o 8
. . 3 s
- Allow more general model with floating i3 &
individual k's and also k, S \ W
68% CL .
ST N AT
%0510 5 0 5 10 15 20

*: ttH(yy) dropped from H inputs due to large overlap with HH(bbyy
g

i


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
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Phys. Lett. B 800 (2020) 135103  CMS PAS HIG-19-0015

Overall summary of 95% CL limits on K,

M

ATLAS - \

EEEEEEEEEE

inputs model. ATLAS (expected) cMS I(expected)
Single H only K, -3.2,11.9 -6.2,14.4 | -3.5,14.5 -5.1,13.7

HH only K, -5.0,12.0 -5.8,12.0 | -11.8,18.8 -7.1,13.6
H+ HH only K, -2.3,10.3  -5.1,11.2
H + HH K's&Kk, | -3.7,11.5 -6.2,11.6

Disclaimer: these are still rather ad-hoc models; still a lot of work ahead for both

theorists and experimentalists before we can have a more sounded global fit with
full NLO SMEFT or HEFT


https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub
http://dx.doi.org/10.1103/PhysRevLett.122.121803
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
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H— ccC >

i |

L =36 fb™"

* BRcy(H — c€) =2.9% ~ 1/20 of BR(H — bb)

* Target VHwithV=2 -0, W — 0v,Z — vv,
with the combination of two strategies:

- Resolved analysis: based on VH(bb) analysis, but
with charm tagging. Signal extraction from fit to BDT

- Boosted analysis: use anti-k(R=1.2) jets with
advanced H—cc DNN tag (flavour + substructure),
Signal extraction from groomed jet mass

* Multiple control regions to normalize in data
the main backgrounds, i.e. V + jets and tt

* Set limits cxBR(H—cc) < 70xSM (exp. 37xSM)

JHEP 03 (2020) 131 66
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-01/
http://dx.doi.org/10.1007/JHEP03(2020)131
http://dx.doi.org/10.1007/JHEP03(2020)131
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H—Z+p/o

L =137 fb™

; v £ fcms  H-z | Bas00 CMS  eom 2
; | Simulation Preliminary .. H-=Zp | oo : Preliminary e Zp B=10% EL-Q
__________ Ho EO.BT —Drell-Yan | 3'30000; @ 12
o I ISeIecte1 region ; % 25000;- —; %
g < 08¢ @ ] ,_%20000% 12
04l 1 15000 1®
. . S T ; 10000 ; paests sttt e é
* SMBRmainlyviaH—ZZ/y*—> 272V, o || S .
but H — dqg channel may have Iarge O T T T e T R R TR R TR
. Leading track p_[GeV] 1™ [GeV]
enhancement in some BSM models
_ _ Sotbows o€ fows o
* Target p — *m~ and @ — K*K IS -0 h-
Select . f ite-ch %o.m'—@ —>, _ %025:® — - g
1. Select pairs of opposite-charge £ o [ ]
tracks, AR < 0.1 and p;?9 > 10 GeV 008/ 1 ot ;
2. Require di-track pair to be isolated ¢ [T
. Select window in di-track mass 002 1% ]
3 Oi—«wn"l't_'i_‘l.lw..“|.m|,m-ll_:lﬂ'.—l.“r_ O:H.J_J—ﬁl.u..m.,.m..ﬁ—t—-*‘i
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m,. [GeV] Myy [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-012/index.html

- /44"

* Fit m(@@rtrt) or m(PPKK) to extract signal
- Agnostic background model, ala H — yy
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O 137 fb”! (13 TeV)
5 G- 7 z
. N 0.035F CMS Data 3
) - Preliminary — Expected i
| I H T 0.03F [ = 68% Expected
Z + T ; ]+ 95% Expected ; A
Cg 00251 I - 5
S o0af | 13
= 0.02_— I - ﬁ
E C ! . %
= 00151 ElS
o 0
ale]
S 2
—
O
P
o)
o

* Set upper limits inthe 0.3 - 2 % range

0.01f
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Isotropic Transverse
° e 137 fb™ (13 TeV)
— Acceptance depends on polarization, S 0.016F e ot E
limits provided for different scenarios 1 0.014F Preliminary e
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https://link.springer.com/article/10.1007/JHEP07(2018)127
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-012/index.html
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ATLAS

EXPERIMENT

L =139 fb™

* Search for pseudoscalar "a"
- e.g.in NMSSM or 2HDM+S models

* Target inclusive hadronic decays
a — jet, form, < 4 GeV

1. MLP regression to estimate a mass
from jet substructure information
2. MLP discriminator vs Z + jets bkg

(using MLP regression as input)

Define signal region by cutting on
m(?¢j) and discriminator output

* Estimate backgrounds from data:

- "ABCD" method with sidebands in m(¢¢j)
& MLP discriminant (+ corrections)

Events /0.1

Data / Bkgd

QCD@LHC-X 2020, 2 Sept 2020

arXiv:2004.01678, sub. to PRL
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4 2120 . pata ATLAS —
SZA 51 - o Background Vs=13 TeV, 139 o' o
H Z " @ e ? i ® i ¢ E
—Za— 00 I I R
c | | ]
AL S I
L =139 fb™ o, o N E
- | | E
nat & e - - -
* Search for pseudoscalar "a Y I P T
* Target inclusive hadronic decays RS E S EL R R R
* Good agreement found between data SR
and background predictions in signal - rias :

Vs=13 TeV, 139 fb’

region and validation regions

10° -~ B(a—gg)=100% E
* Set upper limits on ¢ - BR(H — Za) F et :
- Interpreted separately fora — gg/ ss e :

(different efficiency of MLP discr. cut)

- Also set upper limits on BR(H — Z n_) and
BR(H — Z J/Y), but at BR ~200%

2c

10°

95% CL Upper Limit onc(H)xB(H—Za) [pb]
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H—>aMl

a..atlowm,

CMS,

i |

L =36 fb™"

arXiv:2005.08694, sub. to JHEP

To tau muon
reconstruction
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71

reconstruction

* Dedicated t reco. for overlapping

decay productsofa— 1
- Gain +50%

ul

Th

efficiency at low m,

1-prong + 1 M° Thag

(13 TeV)
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o - cMs 1,
o - Simulation 1 =
(@] 05— 1<
= N 18
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c 4 v
s %4 15
= | -1 o
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c B 1¢
S ozf 17
& e 1%, HPS . HPS . §
e - —e— m, = 125 GeV @ m, = 125 GeV 1=
o 01 0%

- —&— m,, =300 GeV s My, = 300 GeV i

07 1 { 1 L1 I 1 1 1 I 1 1 L I L1 1 J L1 1 | 1 1 1 | 1 L1 I 1 i
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m, (GeV)

HPS (Hadrons Plus Strips) is the CMS algorithm for
hadronic t reconstruction using Particle Flow


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-024/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-024/index.html

H—a, aiatlowm, ;
* Dedicated t reco. for overlapping
decay products of a — T, T},
* 2D fit in m(up) x m(upt,ty,) plane
- Fit separately in 3 m(uu) ranges, to 3

reduce correlations with m(put,t,)

— Control regions included to constrain
the continuum and p,syand Y peaks

* Set model-independent limits on
BR(H— aa—uutT) ~ 0.02-0.08%
- And in 2HDM+S benchmark models

— Also demonstrate potential for
H — aa using m, = 300 GeV

Heavy
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1D projections from 2D fit

36.917 (13 TeV)

72

d3Hr 03°gns ‘Y6980 S00T:AIXIE

=~ e
8 CMS ¢  Observed
S 103§Signal region Background model =
Ny c ——— m,=125GeV, m =9 GeV
%) L
b= 102 my, =300 GeV, m_=9 GeV ]
CI>) E B(H—»aa—»pp‘r‘r):Sxm" 3
L F =
B < mippn) < 14 GeV
10E -
1
1ot ks R AT A AR N S ARANARARN AR AN AR AT
2
Fioent T

35.9tb " (13 Tev)
T

o
>
LLi
E I":'0 100 200 300 400 500 600 700 800
O

m(upt 1) (GeV)

—— Observed

- 68% expected

95% expected

||||||I|||I||||||
95% CL upper limits my, =125 GeV ]

m, (GeV)


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-024/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-024/index.html

| CERN
A

\! /\/
\ "\—""/ A

\

L=3
* Rely on Z,H associated production

* Recluster jets with anti-k;(R=0.8)
— One ak8 jet for each a — bb candidate

* Tag ak8 jets relying on substructure and
b-tagging information from associated
tracks and sec. vertices

- Trained vs jets that contain a single b quark
— x100/x30 rejection of b-jets from tt & Z+jets
at a — bb signal efficiency of ~ 25% / 30%

* Select events with kinematic

compatible with H — aa decay

- Separately each m_ mass hypothesis
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H — ay; a,; at low m,  ATiAS

MENT

6 fb1

arXiv: 2005.12236, sub. to PRD 73
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correctrecom_, form, fixed inputs from
jet mismeasurement  signal hypothesis



https://arxiv.org/abs/2005.12236
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ents

o 800F ATLAS
fs=13TeV, 36.1 fb"

H—a, a,atlowm, ATLAs

EXPERIMENT

L =36 fb™"

* Define signal and control regions
depending on m,, and number of loose

(LP) & tight (HP) ak8 tags 0] s
- Constrain dominant backgrouds from o
Z+jets and ttbar B A LY
3.5 I I I T T

Observed 95% C.L.
...... Expected 95% C.L.

u = Expected 95% C.L.t 15
25 Expected 95% C.L.t2c

—— - Observed 95% C.L. (resolved)

~ ATLAS
- Vs =13 TeV, 36.1 fo”

* Set limits on o,,, x BR(H — aa — 4b)
for m, in 15-30 GeV range
- Best sensitivity at m, =20 GeV
Set limit at 80%x0,,,°M (exp. 60%x0,,,°M)

- at large m,, sensitivity taken over by
older H— aa — 4b "resolved" analysis
[JHEP 10 (2018) 031]

Geu(PP—ZH)

N
T

95% C.L. upper limits on c,,, x B(H—aa—4b) [pb]
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CMS Ppreliminary 137 fb” (13 TeV) CMS preliminary 137 fb” (13 TeV)
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» Search for dark photons or ALPs
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2. H —_ X X —_—> 4€ Search: 6:_ 4y channel _: ; 4e channel
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|mZ1 - mZzI / (m21 t mZz) 2 - :
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* Flagship mode at high tan(f)

- Enhanced BR(A/H — tT) and
bbH production

* Main backgrounds:

- Reducible jet — T1,: from data
using fake rate methods

- Irreducible Z — tT, tt:
estimated from MC,
plus CR at high m;* for tt

* Final discriminating variable
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MSSM A/H — TT ATLAS

EXPERIMENT
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MSSM A/H — TT

* Interpretation as limits on
oxBR for generic scalar ¢

— Provide 1D and 2D limits and
likelihoods vs m,, Oy, Oppy

- Largest excess at m , ~ 400 GeV,
local significance ~2 ¢
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* Interpretation as limits on
oxBR for generic scalar ¢

— Provide 1D and 2D limits and
likelihoods vs m,, Oy, Oppy

- Largest excess at m, ~ 400 GeV,
local significance ~2 ¢

* MSSM interpretations

- New M, '*> benchmark scenarios
e.g. tan(P) < 8 at 1 TeV (expected: < 10)

- hMSSM, to compare with old result

cMms¢ | Also older CMS result on 36 fb™" [ JHEP 09 (2018)007 ]
M, 25 limits, e.g. tan(P) < 15 at 1 TeV (expected: < 16)
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Lepton flavour violating decays ATLAS

EXPERIMENT

L =139 fb"
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—— Signal B(H— eu)=0.05% -

- Very stringent limits from p — ey
and electron EDM, but depend on :
yet unobservedy..andy,, 0

* Categorize by py', |ng|, pr*
- Select events with higher S/B or
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better dilepton mass resolution = ggg X RE 10° E
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* Set upper limit BR,, < 6.2 x1075 & 4 100 10° 10010
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- Factor ~6 better than Run 1 limit e, [GeV]

* Also set BR(H — ee) < 3.6 x 107%
- BR¢y ~ 5 x 1079 well out of reach
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H — vy + invisible

* Probe e.g. for H — y y, (dark photon)
* Rely on Z(¢¢) H associated production

- Require high-p; Z,, back-to-back and
balanced with y + E;™s vector
* Dominant background: WZ — 30v
— With electron mis-id as photon, or
genuine y from ISR/FSR and a lost ¢

* Transverse mass m; of y + E;™ss
system used to look for a signal
- Control regions for WZ, tt/WW, 2z

Set limits BR(H — y + inv.) < 4.6%
- Tiny BRgy(H—>Zy— vvy)~3x1074
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L 9 <=

o
T

10?

QCD@LHC-X 2020, 2 Sept 2020

JHEP 10 (2019) 139

137 b (13 TeV)
SR AL

T
L =137 fb™1

137 fb" (13 TeV)
S LA A

-¢-Data
7z
wz

Bvvv

vy

Events / bin
S
T T |
o
g N
m 4

—_
(&)}
T

10

T

=il

B Top quarkww
2 Bkg. unc.

ZODH,(1,+7) (0.1 o )+ bg. |
— Z(INH, (v, +1) (0.1x 5 )+ bkg. |

Events / bin

10

-¢- Data ]

-

I

ZZ 1 m
WwZ e __?
uvvv 1=
Wy 13
B Top quark/ww 1o
N N—
2 Bkg. unc. 13
Z(DH, (v, +7) (0.1% 5, )+ bkg. | &

— Z(INH,, (v, +1) (0.1x 6 )+ bkg. ]

0 1 1 1 1 1 1 1 1
0 100 200 300
m, [GeV]
137 6" (13 TeV) 137 o' (13 TeV)
T T T ¢
L CMS * Data = I CMS & Data 1
F 2z o | 2z
L Wz ) wz < B[en ) wz
E control region v Lﬁ | control region Hvw
L vy | vy
E W Top quark/Ww al B Top quarkWw
[ 5 BKg. unc. | Bkg. unc.
A—— I
- BN o ]
E - i . : . ] :
! R S S
), 0
0 100 200 3 0 100 200 300
m, [GeV]

Events / bin

300

o

m, [GeV]
137 fo”' (13 TeV)
T A B
CMS 4 Data
zZz
7z Wy



http://dx.doi.org/10.1007/JHEP10(2019)139
http://dx.doi.org/10.1007/JHEP10(2019)139

Giovanni Petrucciani (CERN) QCD@LHC-X 2020, 2 Sept 2020 arXiv:1902.oo134 82

Part Il: brief outlook at HL-LHC

* HH production: ~40 evidence, measure K, with ~ £50% uncertainty

— Projections based on a combination of extrapolations from Run 2 analyses
and new analyses designed for HL-LHC

Expected Signiﬁcance for HH . ATLAS and CMS 3000 fb" (14 TeV) ATLAS and CMS 3000 fb" (14 TeV)
= i HL-LHC prospects sk HL-LHC prospects

atLAs ams £ | M| 2 i
bb bb 0.61  0.95 [ \|| - LEHE oozz7@) | | .
bb T 2.1 1.4 8:_ {—-— Combination - ATLAS s
bb yy 2.0 1.8 of-
t_>b VV(00vv) 0.56 1R\ AN .
bb 77(40) 0.37 | g,

__ ot ,L‘, 0
combined 3.0 2.6 r N\ 4Z . ;
LHC comb. 4.0 92'”!1””3”1 2 3 4 5 6 7 8
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2018 in the context of the European Strategy update
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Part Ill: brief outlook at HL-LHC

* Sensitivity for Higgs boson physics at HL-LHC evaluated back in

arXiv:1902.00134

- Mostly based on knowledge from early LHC run 2 analyses (2016 data)

* Single Higgs boson observables: can reach few-percent precision

Cross sections and branching ratios

(s = 14 TeV, 3000 fb' per experiment
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STXS H — yy: results, ATLAS (27 params)

ATLAS Preliminary

Vs=13TeV, 139 fb

y=12509GeV, |y | <2.5

o
Soeab 010 oMo

ggH 0-1 jets measured with
20-50% uncertainty

[+]
90—H 224 0.2 m, <350, 120 < ¥ <200 [0.01 007
Cog—sHz224 m,,>350,0< ol <200

o

-0.01 0.07 -006 0.11 0.20 -

002 -001 0.01 -0.03 -0.01 003 0.02 002-

ATLAS Preliminary e Total Stat. = Syst. | SM
-1
Vs =13TeV, 139 b
Hoyy, m, = 125.09 GeV EE——
aa-H0J 0 <p 10 I-Ell
gg—mHﬂJp:>\G |-|
aaH 1J0.<p! <60 ==
I
00-H 160 < p" < 120 ]
I
99 1120 < < 200 ——
I
0H 2200 < my, <350,0 < pf < 60— 0.47 ;“2:' (;‘1‘;‘ 3;;]
. +0.57  +0.13,
g—H 220 0 < my, <350, 60 < pf < 120 |—-—|| 0.28 +0.59 ( §sg. T0_12)
00 +H220.< m,, <350, 120 <t < 200 = 060 Y
00-+H 220 my, > 350, 0 < p! < 200 | —==== 2.25 foo

00-4H 200 < p* < 300

99-2H 300 < p! < 450

ggH high p;: 40% (200-300),

(o) (o)
0% (300-450), 150% (450+
o
ag—Hog = 1J
184 4170 +0.71 B ' o oo
= 2J0<m <B0(120<m <350 ! ] 1 +1. -
e 220 <m, <E01120<m k — 1316 57 (Gg as?) CqasHaq 22 m »700,0<p" <200 [0.00 0.02 009 0.06 0.04 0.00 -0.03 0.05-0.28 ~0.01-0.01 0.00 ~0.11 0.12 002 023
0.9 +0.9 +0.2 v :
> 5 1 5, o
aq-Heg 22060 <m <120 }—Esl—i 076 ‘g3 (oso 0od) aa—Haa22Jm > 350, pF 200|000 0.01 0.04 0.02 001 -0.01-0.03 -0.05 0.00 -0.17 -0.11-0.06 -0.03 0.09 0.03 006 0.11 -
[+]
99-+Hqg 220 350 <m < 700, 0 < p/ <200 I—aT—| L R aa-+Hv 0<p’ <150 [001 0.04 001 0.00 0.01 000 000 0.00 0.02 002 0.01 001 0.00 0.02 000 0.00 0.02 0.01 -
LS cealoo oo oo Lo Lo oeo ooa oo ac o
aq ’*‘QHZEJmH,?[MJ.D<P¥<200 I-EIE-I 1.09 fgm et - 01 0.00 0.00 0.01 0.01 4].09-
aq-Hag 220 350, 5 > 200 = " V . I I o k b.01 0.00 0.00 -0.01-0.01 -025 4).04-
e H: can probe low p-, unlike [-=20 28R
01 000 0.00 0.01 0.01 0.00 0.00 0.00 0.00
aq-Hw g > 150 =
o, ° 00 001 0.00 002 0.0 0.01 0.00 -0.01 0.00 43.02
HIO<p’ <150 |—E—{
: 9 u 100 o U| Icer all l y 02 000 0.00 002 0.01 0.02-0.01 0.00 0.01 0.03 om-
HilpY > 150
K .00 0.00 0.00 0.01 0.01 0.03 -0.01 0.00 -0.01 0.03 0.07 0.06
A0 <pf <50 +0.83 +0.80 +0.21 "5
<< |—E_|I ‘070 (oear 017) w[0.00 000 0.00 -0.01 0.00 -0.01-0.01 -0.01-0.04 -0.03 0.02-0.01 0.01 0.00 ~0.01 0.01 0.00 ~0.01 -0.08 -0.04 ~0.01 0.00 -0.08 -0.17 -0.18 -0.38
" 4054 40.53  +0.10, s 5 2 S © % § © % 2 § © = 2 5 & = 2 © = & = = & = = =
" +0.63 ,+0.61 +0.17, v TS T oz oz & oz oz ze T T T & 03 3 T Te Tk e s me me @ T T T
UH 120 < p! < 200 —a=— 1.06 o5r (osor 014) o o v @ T T R e R a ot d I ¢ g @ @ e Tan Tan Tam Tan TRl el d
I ; 3 £ 3 & e gy 2T LTy oy v g ¥ oz g T o & ¥ I
0.53 ,+0.52 +0.12 o o o o I
w200 = 096 Ji Coae B10) : T2 88 588 2 88 sF8 85 3% Iz g8
| L 8% 2 2 9 8 ¢ 8 £ To = @ R R 3 I gBuv© © E oz
4328 4313 +0.87 g &L T I Y, 8 0 T 7 g A v . e lo e L=
tH e e | 0.85 541 Usogo 09&] b 2 T 3 v V L = _ . E g b
X e g I E 3 Y e p? -
PR SRR TR N SN SRS TN NN SRR TR N AN SN S 1 L R R b Og o E £ 2 Eq T v z g
] o Y A v & 8 A~ £
-4 2 0 2 4 6 5 ¢ 3 o 8 g 3
o o
O'W,I'UB:A I z gbg 4 & %Uu
S A
© g g
© o

>
08X

(N
0.6
0.4
0.2
0
0.2
0.4
0.6
0.8
1



. Giovanni Petrucciani (CERN) QCD@LHC-X 2020, 2 Sept 2020

CP studies: fermion couplings

* In CP-violating models, Higgs-fermion
interactions can have both hp and hy.p

e Multiple recent efforts to probe for them:
- for top, from ttH & tH production with H — yy

— for top, or possible BSM heavy quark, from
ggH + 2 jets with H — 4¢
(hpyp yields hGHG ,, term in heavy top limit)

— for tau, from polarization in tau decays
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H—ZYy

QCD@LHC-X 2020, 2 Sept 2020

* SU(2), symmetry ties together the
HWW, HZZ, Hyy, HZy interactions

— If heavy new physics respects SU(2),,
correlated effects across the four
*BR(H—Zy—0ly)=0.5-10"
- Similar BR to H — 4¢, but larger
background from Z y production
* Asin H — uy, key ingredients are:

- Improve signal mass resolution: FSR
recovery, kinematic refit of Z — 0¢

- Improve S/B via categorization: BDT
targeting VBF production; p; and p+,

Events

Events / GeV

Data - MC

- ATLAS

arXiv:2005.05832, sub. to PLB
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(5=13TeV, 1391 mumm 7 it
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+++++++++

- Vs=13TeV, 139 fb™

- - i /
- VBF-enriched Bl Z+jets .
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