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Introduction

— Summary of the latest ATLAS & CMS 3" generation decay channel Higgs measurements

— Talk will only address 3™ generation Higgs decays: H— [bb,tt]

UNI
FREIBURG

. . . 700000
— Associated top + higgs (ttH) production ?
—_———— 0..
excluded: H Source: HIG-19-005
00000009 ]
g g 35.8-137 b (13 TeV)
7777777777777777777777777777777777777777777777777 ~——
g8 olppoHn) 7% e -~ Queorved 1o [l combined <10
q > > q Ty I - - -n-é— R B E-—-—

o W .z 7z : 8 —- —

“““ g SR———— | E ;? R H i

| Wz . T : T

¢« —>—S>— = | | —

e b [R5 * ! !

/ m RSN Rl
. gg.H . VBF WH ZH | .ttH . f.
H,
28/05/20 Stephen Jiggins 2


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
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— Summary of the latest ATLAS & CMS 3" generation decay channel Higgs measurements

— Talk will only address 3™ generation Higgs decays: H— [bb,tt]

Source: PhysRevD 101.012002
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— Hopefully a new %"  entry soon...
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.012002
https://indico.cern.ch/event/856696/timetable/?view=standard#140-differential-theory-predic




H— bb Searches in ATLAS & CMS

Q
HIG-19-003  *

— Will cover new analyses only!
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.071802
https://cds.cern.ch/record/2715063
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://link.springer.com/article/10.1007/JHEP05(2019)141

. ATLAS-CONF-2020-006
ATLAS H— bb: VH— bb Analyses ATLAS-CONF-2020-007

EXPERIMENT

v, W/Z-Boson Candidate Reconstruction:

* O-lepton: Large missing transverse energy (MET)

e 1-lepton: 1 charged leptons: | =[e,u]+ MET from neutrino (v)
o 2-lepton: 2 charged leptons: ll=[ee,up] + m ~m,

Increase p_"

Higgs Candidate Reco.: Resolved Analysis: p_.*> ~60 GeV Boosted Analysis: p_*> ~250 GeV
« 2anti-k R=0.4 jets - AK4 e lanti-k R=1.0 jet - AK10
* Exactly 2 b-tagged AK4 jets « >2 matched anti-k _track jets
* 2 leading track jets b-tagged

More info in poster by K.Al Khoury — ATLAS-CONF-2020-006 ATLAS-CONF-2020-007
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
https://cds.cern.ch/record/2715063
https://indico.cern.ch/event/856696/timetable/?view=standard#293-measurement-of-the-standar

ATLAS VH— bb Results: Resolved ATLAS-CONF-2020-006

EXPERIMENT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/

ATLAS VH— bb Results: Boosted ATLAS-CONF-2020-007
EXPERIMENT
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https://cds.cern.ch/record/2715063

ATLAS

VH— bb STXS

ATLAS-CONF-2020-006

EXPERIMENT
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Ratio to SM
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— VHbb Resolved: Increased precision of 5 POl 6"/“" results:
80fb':  50%-125% uncertainty on ¢%/#"
139fb": 30%-85% uncertainty on ¢*/*"
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/

VH— bb STXS

ATLAS-CONF-2020-006

ATLAS

EXPERIMENT

— VHbb resolved: Stage 1.2 STXS scheme merged down to 5 bins
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— VHbb Resolved: Increased precision of 5 POl ¢"'“" results:
80fb':  50%-125% uncertainty on ¢%/*"

139fb": 30%-85% uncertainty on ¢*/*"

— VHbb boosted: Stage 1.2 STXS scheme merged down to 4 bins
- Measurement of p"_(truth) > 400 GeV

— VHbb resolved + boosted not orthogonal!
—> See talk by Nikita Belyaev for more STXS/EFT results

— Or backup for questions!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063
https://indico.cern.ch/event/856696/timetable/?view=standard#150-interpretation-of-atlas-an

H— bb: Inclusive ggF high p_"

HIG-19-003

— Signal: pp — H(—bb) + X,

via ggF

Higgs Candidate Reco.:

p,"~p, A > 450GeV

Add. Jet (X) Candidate Reco.:

N A

Double b-jet Identification:

* Double-b tagging algorithm using a new
‘deep neural network’

* AKS jet must contain two b-tags
- 60% eff. for signal
- 1% misidentification rate for QCD

* ‘Passing’ / ’Failing’ double b-tag

‘Signal’ /’Control’ region
— Used to constrain QCD background

28/05/20
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« Anti-k R =0.8 jet - AKS8 jet

e Soft-drop algorithm — m__

Analysis fit discriminant!
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html

Inclusive ggF high p_:

Analysis Strategy HI1G-19-003

— Maximum likelihood fits of p#e" :
- p; AK8 binning: [, 1%, 1
- Combined: [peem ]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://cds.cern.ch/record/2669113




H— 1t

— Only one new paper for H— 11

—> ATLAS now published a CP invariance test of BSM using H— 1t - counterpart to CMS 2019 publication

L3
Phys. Lett. B 805 (2020) L
135426 36.1fb"
PhysRevD. 99 072001 36.1fb-"

g OG0T a
- H° +
g 0999990

q
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Run 2: 35.9-80.2fb™"

PRD 100 (2019) 112002 gun1:5.14109¢1 O o000 TS N n Dec. 2019 A<
—_———— H0 + > YOS H + N t\
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HI1G-18-032 77 4fb™ g 000009 q > > a wzy March 2019 )
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https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072001
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html

(2020) 135426

@ATLAS Test of CP Invariance in VBF H— 11 Phys. Lett. B 805

™

‘v Higgs Candidate Reco.:

q > > q * T, OF: Same flavour leptons
T « t_1_ DF: Different flavour leptons Missing Mass Calculator
Wit H lep “lep , , P — mMMC (arXiv:1012.4686)
W Z ‘tlep‘thad. Semi-leptonic T decays
q > > T, T  Hadronic T decays D
' »  Jet Reco.:
« Anti-k R=0.4 jet - AK4 jet
Physics Interpretation: Fit Discriminant:
RN Effective Iagrangian (,[ f-f) Composed Of: — Utlllse matrix element CaICUIatEd from HAWK [Llnk]
» Standard Model: Lo — Optimal Observable: 0 - 2Re(MgyMcp.oaa)
e CP-odd mass dim. Six:  L° opt 2 .
cP |MSJ'|,{I|
(5) (6) 0.25 —————
1 N B ' T T | ]
Lepr = Lsm + Z Ji 0(5) + Z Ji 0(6) +0 (A3) z ' %Tﬁg%r‘:;ulaﬁon —sM@-0) ]
s °2FveFHow 7 d=004
3 - d=-02 .
— d parameterises strength of CP-violation: s o0Ms- e -
(MP? = |Mswi|? + 2d - Re(MEyMcp-oaa) + d* - [ Mcp-odal’ g F s B
005 ot e TR [ =
U i— """" " o e L L s (U TON e :
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Optimal Observable


https://arxiv.org/abs/0707.0381
https://arxiv.org/abs/1012.4686
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub

(2020) 135426

@ATLAS Test of CP Invariance in VBF H— t7: Results Phys. Lett. B 805

— Binned maximum likelihood .L(x,1|0) as a function of each d hypothesis e LA L e L

-l
2' 3- ATLAS -e- Combined
4 A Tiep Tiep SF
\!g = 13 TeV, 36-1 fb “ Tlep’rlep DF
- Tlepfhad

— Unconstrained signal normalisation ‘i’ - shape only analysis

* ThadThad

N
9)
| T 1T | T 1T I

— Summary of mean <Optimal Obs.> for each channel and combined result: 2;‘ """""""""""""""""""" i e
1.5 =
Channel (Optimal Observable) C ]
TiepTiep SF ~0.54£0.72 1- .
TiepTiep DF 0.71 £0.81 ; ]
Thad Thad -1.13+0.65 C ]

Combined ~0.19+0.37 06 04 -0 02 04 06
d
— Expected results: Asimov dataset from Np set to observed CR fit only values 1 4.5————— .
Pre-fit Expected: Asimov dataset from Np set to SM expectation asimov fit. 2 4& ATLAS E
- Vs=13TeV, 36.1 fb™ -
— Conditional [p=1, d = 0] and [p=0.73, d = 0] asimov fits demonstrate loss of 3'5;_ +gf§:;‘t’:§(a o) E
observed sensitivity due to lower than expected event yields 3L~ Expected (d = 0, u = 0.73) E
o 55_ Pre-fit expected (d = 0, u = 1) E
— 68%(95%) CL interval on d set for observed and expected: 25 e
.68% CL: Jel— . 1.5 =
E)bs 665:; gll__ ‘ie[ 0.090,0.035] Asymmetry in CL due to - :
O);)p. ° CL" d €[—0.035,0.033] asymmetric Opt. Obs. = =
5. 95% CL: dE[N/A] — See previous slide 0 1] EESS. 4.3 SR =
Exp. 95% CL: de[-0.21,0.15] i ]
L . L PR N B S SRR A S R B

-06 04 02 O 0.2 04 06
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https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub

PRD 100 (2019) 112002

cH—
Constraints on anomalous HVV coupllngs H— 11 .

7 ~ PRD 100 (2019) 112002

— Anomalous HVV couplings in VBF/ggF/VH production N Measurement of H- 1t sensitive to VBF+ggF+VH

using;: / production modes updated with 77.4fb"'

- H— 11 35.9fb " analysis (see PLB 779 (2018) 283) .
- H—4l Run 1+2 analyses (see PhysRevD. 99 112003) - — Update 1: Multiclass NN used to separate 9-classes
| - [ggF,VBF] signal + 7 bkg

—Amplitude for spin-0 Higgs with two spin-1 gauge

bosons VV: — Update 2: Included a STXS result for ggF and VBF

Vi +5Va3 L L ~A BSM scale - . production modes:
(HVV) l Vi (AVV)z my €516 - a"V, CP-odd interaction
-a"¥, CP-even interaction
2u 77.4 5" (13 TeV)
+ af¥ o FOW 1 aYV ) e .
CMS I Observation
. . . Preliminar SM expectation o
— HVV anomalous couplings measured using effective VY B Ror os o o unceraimes
. . . -uproc
cross-section ratios f_, and relative phase ®: e
.-.-.| =0 Jet -0.40°078
5.1 " (7 TeV) + 19.7 fo” (8 TeV) + 80.2 1b” (13 TeV) 3 —] M 0 60 -08and
------------------ -
CMS - é 3 -—l-— -1 Jet pH [ 60,120] 1.2671%
—— Observed Q2 2 118
--- Expected 6. =ar [ ] 8 g l—H pi 120, o] 1.8071 7
—— Observed, H — 44 g 1 gn g f '—"I‘ > 2 Jet 0.47 205
- Expected, H — 44 o% 5
. — Observed. H - 11 2 l‘.'ll Inclusive 0.36 _*g'gg
N i, ---- Expected, H — 1t f = a; Oy
= s q z ai2 o 5 + VBF topology 1 oorg-_’gg
< 2 ; — V(gq)H topology 117715
CTI = S 2 : j 1.03
gz 2 —+e—  pl'>200GeV 141770
- 4 3 H
F8F ———1  Res 1064
o2 g
==« I;l Inclusive 1.03 ggg
I | | I | | ’ 11 1 11 1 1 l 1 1 1 1 | 111 1
e -5 0 5

i PR - e PR (ST (T A
-1 -08-06-04-02 002 0 002 02040608 1
aaCOS{¢aa]

Stephen Jiggins

Best fit Hproc = O'proc"{O'SM
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.112003
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html

Conclusions

Paper

Phys. Lett. B 805 (2020) 135426

HI1G-19-003

ATLAS-CONF-2020-007

ATLAS-CONF-2020-006

Analysis Date
H — 1t Tests of CP Invariance 36.1 fb' o Feb. 2020
\AG
Highly boosted H—bb at Vs= 13 TeV with April 2020
CMS detector - 137 fb™! ‘@sﬂ
Boosted VH — bb vs=13 TeV with the ATLAS | April 2020
detector — 139.1 fb™! o
V\e
VH — bb at Vs=13 TeV 13TeV with the ATLAS | April 2020
detector — 139.1 fb! o
§\e
— Observation of VH— bb } Not via
. .y
— Observation of ZH — bb - combination!

— Strong evidence of WH—bb

— Proof of concept for boosted VH—bb topology
Stephen Jiggins

&)
oz
=y
zl.l.l
wzg ’ =Ys
W ,7Z
> > q

— Constraints on CP invariance via
EFT lagrangian extensions

g “0006000¢
\ c— HO

g 000000

—Intriguing excess beyond SM ggF
H—bb production

— High p"_excess most dominant

— Keep a close eye in the future!

18


https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
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H— bb: VH— bb Analysis Strategies

Background Estimation

— Common backgrounds in both resolved & boosted:

Resolved+Boosted: Purely Monte Carlo (MC) estimated

Resolved: Mix of MC/Data-driven estimates/errors
Boosted: Purely MC estimated

Resolved+Boosted: Data-driven estimates/errors

- Wijets 1
-Z+)Jets )
- -QCD —
x = BDT: Resolved only
2 :IlIIIIIIIIII|IllllIIIIlIIIIlIIIIlIlIIII:
S L ATLAS Preliminary —»—Deta ]
= " 5 13 TeV. 130 1o B VH, H - bb (u=1.02) -
2] L 15= ev. I Diboson E
g 0 lepton, 3 jefs, 2 b-tags i
& 10°E 150 Gev <pY < 250 Gev I Single top =
E B Wejets 3
- Bl Z+jets .
B 5] Uncertainty 7
F* e --«+ Pre-fit background |
10? —VH,H >bb x40 _|
10°
g {0 FTTTTTITTIIT T -
& i ]
% 1 _,u - > ‘i““i"‘_‘?:"h\ rel® A \\\_;\:\_#&\Q*S%
go,g—“.lHIHJJ..LIH.I;.l.;lu];uu.—

-1 -08 -0.6 -04 -02 0

— Multi-Variate Analysis (MVA) — (Di-)Jet Mass Analysis (DMA)

02 04 06 08 1
BDT,,, output

Events / 10 GeV

Data/Pred.

F

it Strategy

X

500

400

300

200

—_
(6, ¢ |

— Binned profile likelihood fit L(x| p,,,, 0) where x is:

=m, . : Resolved + Boosted
—bb/J~
R B s B e W
- ATLAS Preliminary ;5:““ bB (120.72)
L £ ,H— n=0.72) —
 Vs=13Tev, 1391 I Diboson (u_=0.91) |
L 1lep., > 1large-R jets, SR ft e i
[ 250 GeV < p: < 400 GeV Wt ]
C Bl W+jets 7]
L B Z+jets _
. Multijet ]
L [] Uncertainty i
C ii' — VH,H - bb x2 ]
=3

z—.—*m“-o— _

ﬂdﬂ;’ﬁ”f";;

S P U R BN B B P
60 80 100 120 140 160 180 200
m, [GeV]

ATLAS-CONF-2020-006
ATLAS-CONF-2020-007

— Resolved: 42 fit regions

— Boosted: 14 fit regions

— 3 signal results quoted:

— [Mypr My My
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OATLAS H— bb: VH— bb Analysis Strategies ATLAS-CONF-2020-006

EXPERIMENT ATLAS_CONF_2020_007
Multi-Variate Analysis (MVA): Resolved only | (Di-)Jet Mass Analysis (DMA): Resolved + Boosted
— Binned profile likelihood fit L(x,j,,, |6) using a BDT, ,, fit . — Binned profile likelihood fit L(x,p,,, |6) of m_/m, (Res./Boosted):
discriminant in signal regions (SR) ¢ TS > ey
S L ATLAS Preliminary —»-Dam = 8 ATLAS Preliminary - bata
3 [ fs=13Tev, 12010 - b (k=102 7 o 500 .13 ev, 189 1" -m”_’bb(”;gzz)_— Boosted: m
. . . . E 0 lepton, 3 jets. 2 b-tags -ﬁ oson ; 1 lep., > 1 large-R jets, SR -“I oson (” = ) ] 2
— Al’]aIYSlS flt regions defined by & 10"5— 150 GeV < p! < 250 GeV [ Single top 3 T 400l 250 GeV <pY <400 Gev we I o )
[p¥;, AR(b,b)] plane: iy 1i @ o | - Analysis fit regions by:
E?g:ﬁ?::::gmund T x:tl:t;j;taintx - F)’ 1’ i][;leptond(:jhannekls
10° — VH,H > bb x 40 . % —VH,H-bbx2 1 0, 1+ -tag add. trac jets
- [0, 1, 2]-lepton channels E i e - [250,400+] p". bins
_[223(+.)] _]etS ....................... i = E [0 1+] add. ATK4 jets
- [75,150,250+] p¥_ bins = - |
=+ N o _/
- [CRLo , SR, CR, ] hd
................................................... 5-1‘2_~||H||r|||'r1"'|'-|-'|"|"'"' -8‘1.5?'|"'l'"I"'I"'I"'I"'I"‘I'é 14fitregi0ns
g_j i w P _*_\_ g *\\\\\—#\ [ S e S ol S s A - —
8 i _\+' AL T D R N
8§ 08 B e o 60 80 100 120 140 160 180 200
BDT,,, output .................................................................... L1 0=

VZ(—bb) Analysis (VZ): Resolved + Boosted

ATLAS Skiassifn Frossnet > — VZ(bb) L(x, p|9) fit using u, mstead fitting BDT, , or m,
08 g LU RN LA LN I 'Dalaul WL
: - ATLAS Prei -
: 2 | Gererer “ELTL"I""“’ 5 V2.7 = 05 4099
g9 — WH — Ivbb T o'l ; . WW =
: g E 0 lepton, 2 jets, 2 b-tags B VH E
80-90% of signal w [ 150 GeV < p! < 250 GeV L
B 1 to
06 events B =w+iits ’
. s B Zejets
High AR CR (] Uncertainty
10°E -« Pre-fit background-
: E ~VZZ +bb <10 3
04 : s
SR
0.2 10°
Low AR CR }31.2—"' SR I I I I I ML I
o ﬂmwmsr*‘“
j._@ 081 ; _*_‘\%\\—-
0 . . o . - Pl BT BT
450 500 Stephen Jiggins & " "5 05 04 02 0 02 04 06 08 1 21

v
P, [GeV] BDT,, output


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
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VH— bb Resolved Event Categorisation

Analysis Event Categorisation: 80-90% of signal e
« AR(b,b) and p". define analysis fit regions o e o s
& 10°E ATLAS Preliminary ;3:'“'_' » b6 (4ct.02)
3 o o B R 3 H=1.
ATLAS Simulation Preliminary £ = fs =12 Tev. 13910 I Diboson
- / b — 1 05 1 lepton, 2 jets, 2 b-tags ft
\s=13TeV, 139 fb" E : B Single top
2.5 1 lepton, 2 jet, 2 p-tags 0.8 § : Multijet
g — WH — Ivab w 4 B W+jets
9q — WH — Ivib 10 : B Z:jets
2 Uncertainty
0.6 1 03 ««== Pre-fit background
: — VH,H + bb x 20
. High AR CR
10°
0.4
1 10
SR
05 0.2 E 1 5 :_ T T T | T T T T E T T T | |+| I T T |_T_ _:
0 g 05 = PR R R R NS S B |E I RS R IA+7| L —
— 150 200 250 300 350 400
150 200 250 300 350 400 450 500 p\+,r [GeV]

Analysis fit regions:
[0, 1, 2]-lepton channels
[2, 3(+)] jets
[75,150,250+] p, bins
[CRLOW’ SR, CRhigh]

28/05/20

- =42 fit regions

Stephen Jiggins

0
-—

— Slice p"_ axis it 2(3) p"¥. bins:
[(75,)150,250+]

— For 0/1-(2-) lepton channels
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VH— bb Resolved Event Categorisation — Fit Regions

— BDT___ used as fit discriminant in SR’s

— CR

Low/

— Across p"_ regions CR single bins provide differential

shape information

ATLAS Preliminary
Vs=13TeV, 139 fb™
0 lepton

Background fraction

:

Pzjets
Bw.jets | Diboson

[ single top

1] 1

o] 3 T T T T T T T E
® 105F N 1 E
[ 5 \k oy . o i * 3
R & e X Py R S
Z ossf PR 1 E
ook Uncertainty 1 3
E I ! 1 I I I ] 1 1 E

o [ e | o o o o [ x ! oo o o

3] 0 C 1 G ® ] 5] 7] S 1 O 0 &

o & o, & e o &, & o

<1 < f < < < < 1 < f‘:

: 5 5 & 5

5 T | § T § T | § T

150<p)<250 GeV 1 pl>250 GeV 150<p)<250 GeV | pl>250 GeV
2 jets 3 jets

28/05/20

1.05

osskE
]2

1ign Used only to constrain normalisation - single bin

\URG

Categories
% % v

Channel Region 75 Ga:a‘.f:i Py < 15.(} GeV 150 ('ljc\-": py < ZSIIZI GeV p.T = 250 Gfﬁ
2-jets 3-jets 2-jets 3-jets 2-jets 3-jets

Low-AR-CR - - Yields Yield Yield Yield

O-lepton  Signal region - - BDT BDT BDT BDT
High-AR-CR - - Yield Yield Yield Yield
Low-AR-CR - - Yield Yield Yield Yield

I-lepton  Signal region - - BDT BDT BDT BDT
High-AR-CR - - Yield Yield Yield Yield
Low-AR-CR Yield Yield Yield Yield Yield Yield

2-lepton  Signal region BDT BDT BDT BDT BDT BDT
High-AR-CR Yield Yield Yield Yield Yield Yield

T
ATLAS Preliminary,
Ys=13 TeV, 139 fb”'
1 lepton

T
. Single top
Multijet

I
Bw+jets
[Mlpiboson
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1 1
r T T T T T T T
3 N R . 3
NN » J%. NN *\\ e - R N N
A ad \\ \f ™ [S a o
E [N 1 r
E 5] Uncertainty I I 3
I I ] I I I Il ] 1 1

[+ o e Vo -4 [+4 o o e | o o o

o 7] o 1 O 0 [} 3] [ G 1 O @ ]

o x® , x o o r o, o

<1 <1 1 < < < < 1 < f‘:

g £ =y =y

g g3 2|3 23 2

150<p)<250 GeV 1 pl>250 GeV 150<p)<250 GeV 1 pl>250 GeV
2 jets 3 jets

ATLAS Preliminary
Ys=13TeV, 139 fb™
2 leptons

1 1
; T T T T T T T T T T T T
1.05 | . '&" ! 1 4
| e R e
[N
095 F :\ * & | 1
0ok EX]Uncertainty h | |
! 1 1 I L 1 1 I 1 | I I 1 I I
[+ e o Vo ® ol -S4 o« r ol © ol e
o ®w 010 @ U 10 ® O|C6 @ OO0 ® 010 @ O
o o, x o r | x ® o r o X o
< 4,9 4,4 4 | = 4,4 4,4 <
N =y =y =y =y =y
[=] [=:] o [=:] o [=:]
75<p/<150 GeV | 150<p)<250 GeV1 p!>250GeV | 75<p)<150 GeV |150<p)<250 GeV | p!>250 GeV
2jets >3 jets




VH— bb Resolved Di-jet Mass Analysis

=
. . . . 1] - Data ] — Data
Identical fit regions as MVA following new 2D 8 oo ATLAS Preimiary S0, e ] ATLAs  Preiminary - DU, | g et
V AR b b I d f' .. . % 0 lepton, 2 jets, 2 b-tags -glbosun 0 lepton, 2 jets, 2 b-tags -glboson
[pY., (b,b)] plane definitions: 5 F moey st comory  mm g el gy ero  m Sgeton
T 3 - it - Vets
Il Z+jets B Z+jets
w 5] Uncertainty Uncertainty
++» Pre-fit background <+« Prefit background

— Binned profile likelihood fit £(x,u|0) with total of
42 fit regions

—VH,H = bb « 5

—VH,H = bb 10

51 g2 FT T T T
= FTr [y rr[frr[frrr[frrrJrrrfrrrrrrrrrrg &: §—® g _,’_5‘_ \\sf_-tv‘t‘ \_\g—‘ki\*__P\\\- ;‘: 1 *\\ _;_\\pm_‘_m _‘;\4* e _}\:\ \\\\‘%
o 2]
@ —— - F 0.8 + BO8E L it Ren
(] | ATLAS Pre"mmary Data = 100 12{1 140 160 180 200 = 40 60 80 100 120 140 160 130 200
o 250 (s-13Tev 129 16" B VH,H - bb (u=1 1?] m,, [GeV] m,, [GeV]
~ - 0+1+2 .‘epl‘a.ns — Diboson 7 & 22 ArLas Prelimina s Dau ATLAS Preliminar -e-Data
o - Top (2-lepton) - < 2000 5 = 1372V 130 1" Y B VH, H =+ BB (u=1.02) e iaTeV e y B VH, H = bb (1=1.02)
= - 2:3 jets, 2 b-tags & - S 00k 1 lepton, 2jets, 2bags " Diboson epton,3jers, 2biags g ton
E 200 Dijet mass analysis B Single top = é 1600F- 150 GeV < p! < 250 GeV [ Single top 150 GeV < p! ¢ 250 GeV’ W jets
@ - = g Mul_tiiet B l.I|'||:e.riali|'|t‘yI
- . . H -1 1400 Il W:jets =+« Pre-fit background
T L Weighted by Higgs S8 Tl W+jets N . —A W H 510
5 - 4] Y HAigg: B Ziets 7 1200 NS Uncestainty
= 1 5(} . l — 1000 =s=« Pre-fit background
=) B Uncertainty ] e ity — e
g - -«=» Pre-fit background - s00 o~ =
N —VH,H > bb «5 ’ a0
10'0'_— —] 200 o _
B ] g2 IT T T §12F IR T T
B i E 1 %ﬁ}w R L = '*'\\ %Q*:_ \S & 1 S&_.}{\'\_m e m@fw’%
5(}_ — %0.8“\“,|..|.L1. Lttt A %G.B_—.l.. PP PR P TP PP | '
L - = 40 B0 80 100 120 140 160 180 200 = 40 B0 80 100 120 140 160 180 200
= My, [GeV] my, [GeV]
E E
& ATLAS Prefiminary ;DU:I.HH £ (o am & ATLAS Prefiminary ;m‘ﬂ -
S =13 TeV 130’ — g k=t 2 500f 3 - 12 TeV. 1an 5 Diboson H=
b)) L L L L I L L I L L L L L L L = 2 lepeons, 2 jets, 2 brags = Ziepuons,  Jjers. Zbrags g iy
= o 1 " 150 GeWf = p! « 250 GeV " 150 Gl < p¥ « 250 GeVf Top
0 10 — =] & =] Uncertainty 5 400 =] Uncertainty
1 - 1 & J( wre Prelit background I} +ee Pre-lit background
- - e 4t — VHH-+bb 5 —VH.H + bb - 10
— - 1 300
o - -
O 5 -
r ] 200
D- L b 100
- O
- + . " -::m.._ m
-l I L1l | LI I I L1l I L1 | L1l | L1l I Ll 1 I L1l | 15 -E 12 i .: -E 9
1R ok 1 T _t- m 4-»‘*?\ ‘:\tr ‘\)+1+ e
40 60 80 100 120 140 160 180 200 ] gns\wﬁ \“ﬁ*“ﬁﬁ%p M 5, F e P
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ATLAS VH— bb Results: Resolved ATLAS-CONF-2020-006

EXPERIMENT

Di-jet Mass Analysis (DMA)

L L L L L L L L B ||_| LI L L B L L B : % 40:_ hITILIAIbI FI]I:elllrl'nI]naer e Data _:
ATLAS Preliminary VH, H-> bb Vs=13 TeV, 139 fb™ ”%' 355 {s=13TeV, 139 fb™ Bl VH, H - bb (u=1.17)
—Total Stat. Tot. (Stat, Syst.) E : :1’;:::?:";95 Egl-zzls::ncertalntv .
OL: DMA K - 1.06 fg;s (tg:g ) fg:? ) . X . ‘13'3 30;_ Dijet mass analysis _;
_ 108 02 (019 021 ) S/B Weighted combination of . m ok Weighted by Higgs S/B E
OL: MVA i T 026 1-0.197-018 m,_distributions from 0+1+2L T - = :
+0.41 ;<028 +0.30 bb . C ]
e ) channels v 22 ;
1L: MVA 095 %5 (owsson7) | T g ~ =
2L: DMA 121 0y (o) | e < 10F 3
+0. £0. +0. -------------:- ---- q) : :
2L: MVA 1.06 537 (957 7018) :Obs. | (exp.) G 3
""""""""""""""""""""" 035G e T 5 E N = - ]
Comb: DMA 117 5% (oie one) Z =54 (490 : :
Comb: MVA L1 11 I 1111 i1 11 I 11 11 I 1 1 1 | |170I?I Itlg:;lgl ‘ I(;S-;? I’ ;((I}]-;:;’ I)I 11 ; -'g EI I 1 | L I — I Ll I L1 . | L. |_I+_I 1 I 1l I IE
00 T T 2 55 3 35 4 485 5 — Goodagreement between MVA & DMA; 3 0 60 80 100 120 140 160 180 200

b T
uVH § m,, [GeV]
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VH— bb Resolved: Systematics

— Statistical and systematics approximately the same!

— Modelling/signal MC uncertainties and b-tagging dominant!
Ay
_0.05 0 0.05 0.1 Source of uncertainty VH I:JPH 7H
] [
| | Total 0.177 | 0.260 0.240
.7 . . L
bjet tagging efficlency 0 %’_' Statistical 0.115 | 0.182 0.171 ~ ncer
/ Z 5 Systematic 0134 | 0.186 o0.16g ~rat~ Systuncert.
Wjets BOTr Generator [ - |
: /:,_, : Statistical uncertainties
QCD Scale 4™ —I-% : —
: -~ 7 Data statistical 0.108 | 0.171 0.157
QCD Scale &% — ' —1 tf e control region 0.014 | 0.003 0.026
QCD Scale A7 '_ |7, _l Floating normalisations 0.034 | 0.061 0.045
et taging eficiensy 0 . -’%/ Experimental uncertainties
. i LT 3 4 Jets 0.043 | 0.050 0.057
SO e SRR § %*_—' Emiss 0.015 | 0.045 0.013
QcD scale 45" ._%_. Leptons 0.004 | 0.015 0.005
- B 77 § b-jets 0.045 | 0.025 0.064
4D Scale &y S 777 b-tagging | c-jets 0.035 | 0.068 0.010
WV JET flav. comp. uncert. S / — light-flavour jets  0.009 | 0.004 0.014
. : 77 ; Pile-up 0.003 | 0.002 0.007
£+ CRIFIaN S exmpotation ; /// I Luminosity 0.016 | 0.016 0.016
0 F ] '
ey ///A i Theoretical and modelling uncertainties
CEeTe e e § —%—0-—' Signal 0.052 | 0.048 0.072
c-jet tagging efficlency 1 I : 4 :'
: /// A7 ; Z + jets 0.032 | 0.013 0.059
Branching-ratio H- bb i A ’ W+ jets 0.040 | 0.079 0.009
p i 0.021 | 0.046 0.029
Vs =13 TeV —— Pull: (i - 6 )/h8 i
ATLAS T e Normalisation Single top quark 0.019 | 0.048 0.015
.. 139 b +1o Postfit Impact on p Diboson 0.033 | 0.033 0.039
Prellmlnary m,;=125 GeV ] -ta Postfit impact on p Multi-jet 0.005 | 0.017 0.005

-2 -16 -1 -05 0 05 1 15 2 Stephel  MC statistical 0.031 | 0.055 0.038 26
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VH— bb: Systematics (ZH)

— Special statement: For ZH NLO corrections for gg — ZH production that are missing dominant the

measurement precision
— Limits the H—bb sensitivity to ggF!

b-Jet tagaing efflciency 0

QCD Scale A7

QCD Scale A%

QCD Scale B

Z+HF CR{High)-5R extrapolation
Diboson my, shape

Z+HF normallzation (3-Jet)

QCD Scale A7

Z+HF CR(Low)-SR extrapolation
QCD Scale 2™

JES modelling 1

Z+HF normalization (2-Jet)
Z+)e1s m, shape

Z+jels p'T" shape

VW JET flav. comp. uncert.

ATLAS
Preliminary

Ap

-0.1  -0.05 0 0.05 0.1

[ [ [ I
177 E
i 2 :
] [, 1,
: A:
R
¥ y
7/ m—
' 7 H

1) ——

10

Ys =13 TeV

139 fb™
my=125 GeV

—8— Full: (i - o)/he

Mormalisation

/77 A +1o Postfit Impact on p
|:| -1 Postfit Impact on p

-2 -15 -1

-05 0

05 1 15 2

Stephei

. P Ty
Source of uncertainty VH | WH 7H
Total 0.177 | 0.260 0.240
Statistical 0.115 | 0.182  0.171
Systematic 0.134 | 0.186 0.168
Statistical uncertainties
Data statistical 0.108 | 0.171 0.157
tt ey control region 0.014 | 0.003  0.026
Floating normalisations 0.034 | 0.061 0.045
Experimental uncertainties
Jets 0.043 | 0.050 0.057
E."™ 0.015 | 0.045 0.013
Leptons 0.004 | 0.015 0.005
b-jets 0.045 | 0.025 0.064
b-tagging c-jels 0.035 | 0.068 0.010
| light-Havour jets  0.009 | 0.004  0.014
Pile-up 0.003 | 0.002  0.007
Luminosity 0.016 | 0.016 0.016
Theoretical and modelling uncertainties
Signal 0.052 | 0.048  0.072
Z + jets 0.032 | 0.013  0.059
W+ jets 0.040 | 0.079  0.009
tt 0.021 | 0.046  0.029
Single top quark 0.019 | 0.048 0.015
Diboson 0.033 | 0.033 0.039
Multi-jet 0.005 | 0.017  0.005
MC statistical 0.031 | 0.055 0.038
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VHbb Resolved: Mutlivariate Parameterisation of MC Systematics
do (R MC2: 6,
do, | .. | ; ---- i MCL: 6
.- .
: P ff - do

....................

..........

..........

Ratio

a) 3 b) c)
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VHbb Resolved: Mutlivariate Parameterisation of MC Systematics

28/

0.15

0.

—

0.05

1.4
1.3
1.2

Ratio

—_
-

0.9
0.8

Z E3 0.18
el

x 0.16

IZ 044

0.12

0.4

0.08

0.06

0.04

0.02

15
1.4
1.3
1.2
11

Ratio

iy

0.9
0.8

Input Space:

T T
ATLAS Simulation Preliminary
s =13 TeV, W+HF
1 lepton, 3 jets, 2 b-tags
pY 2150 GeV

—— Sherpa 2.2.1 (Default)
—— Sherpa 2.2.1 (Weighted)
—— MadGraph 5+Pythia 8

%

2 Default
857 —

Weighted
1.16

i

f

Ngor

i

|

MadGraph 5+Pythia 8/Sherpa 2.2.1

GSta(. . .
MadGraph 5+Pythia 8
¢ Sherpa2.2.1 /Sherpa 2.2.1

Weighted

Default

osta(.
Sherpa 2.2.1 Default

+-|||I|

R -y
—

——

L} —r—

i

|

250 300
m, [GeV]

50 100 150 200

ATLAS Simulation Preliminary
s =13 TeV, W+HF

1 lepton, 3 jets, 2 b-tags
pY = 150 Gev

—— Sherpa 2.2.1 (Default)
—— Sherpa 2.2.1 (Weighted)
—=— MadGraph 5+Pythia 8

== 2 Default Weighted
— X 4266 > 051

—— Ngot

f

Ga‘:&eraph siPythiag " MadGraph 5+Pythia 8/Sherpa 2.2.1

¢ Sherpa22.1

Default

Stat.
GSharpa 221 Weighted /Sherpa 2.2.1 Defaut

:
.i

+'
ﬁ
+

450
m,_[Ge

100 150 200 250 300 350 400

58 nbdn o BBl b B Crd
o

top

AR EEETT T EEEREEAEEIT ERE R LELY

P s R T e e

v

1.0

Ratio

Re-weight using MVA calibrated

density ratio estimator and pass to

analysis BDT

Stephen Jiggins

I

dN
BDT,

©

Ratio
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Fit Discriminant Space:

_— T T —
0.25— ATLAS Simulation Preliminary ]
r {s =13 TeV, W+HF —— Sherpa 2.2.1 (Default) m

L 1lepton, 3 jets, 2 b-tags . n
02— p;’ > 150 GeV —— Sherpa 2.2.1 (Weighted) —]
C —=— MadGraph 5+Pythia 8 i
0.157$ 2 Default Weighted {
- ho 315 —> 0.73 —

C == dof n
01— == 7
: —— :

C === _
0.05— T .
: —— +_'_=E

0, i
T N S IR U TN B IR R R R
1.3:_ T ot T T T T \I T T T _:
F OhadGraph 5+Pythia 8 " MadGraph 5+Pythia 8/Sherpa 2.2.1 Detauit 5

1.2 - Gg}i‘;pa 221 * Shepa221, . /Sherpa221 3
115 =
1;!—.—5—_.__:_ +_-_—l— -

g —l—l——'—._.__._,_:_ - _:_—o—_:_ . g
0.9 o
C L L L L L L L L L ]

-1 -08 -06 -04 -02 0 02 04 06 08 1
BDT,,
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VHbb Resolved: STXS Bin Signal Division

2 lep, > 3 jets, p: > 250 GeV
2lep, 2 jets, p: > 250 GeV
2lep,2 3jets, 150 < p: < 250 GeV
2 lep, 2 jets, 150 < p: < 250 GeV
2lep,> 3jets, 75 < p¥ < 150 GeV
2 lep, 2 jets, 75 < [.*f‘T < 150 GeV
0 lep, 3 jets, p: > 250 GeV

0 lep, 2 jets, p¥ > 250 GeV

0 lep, 3 jets, 150 < p: < 250 GeV
0 lep, 2 jets, 150 < p: ¢ 250 GeV
1 lep, 3 jets, p: > 250 GeV

1 lep, 2 jets, p¥ > 250 GeV

1lep, 3 jets, 150 < p: < 250 GeV
1 lep, 2 jets, 150 < p: < 250 GeV

2lep, > 3 jets, p¥ > 250 GeV

2 lep, 2 jets, p: > 250 GeV

2lep, = 3 jets, 150 < p: < 250 GeV
2 lep, 2 jets, 150 < p: < 250 GeV

2lep, > 3jets, 75 < P’ < 150 GeV i

2 lep, 2 jets, 75 < r."f'T < 150 GeV
0 lep, 3 jets, p1‘f > 250 GeV

0 lep, 2 jets, p1‘f > 250 GeV

0 lep, 3 jets, 150 < pi < 250 GeV
0 lep, 2 jets, 150 < p: < 250 GeV
1 lep, 3 jets, p: > 250 GeV

1 lep, 2 jets, p: > 250 GeV

1lep, 3 jets, 150 < p: < 250 GeV

1/lep, 2 jets, 150 < p/ < 250 GeV [

ATLAS Simulation Preliminary {s =13 TeV, 139 fb’

i 0.8 24.8 | 120
I 0.3 102 |
i 16 748 12 | 100
08 341 05
I 1.2 28Rl 2.9 ]
I 09 792 14 107180
04 64 36 295
i 03 73 27 313 | 60
[ 28 228 75 127 18880 10.0 |
| 21 228 8 1.1 1960 111 40
49 467 01 09
I 38 495 06 | _log
16.3 M7 136 07 35 1.1
| 128 [H198 154 04 24 06 | 0
Wy, ,orm::: 150 (t’cé’pr“-ﬁrfg Pt 72: 75 {Dit’? 150 (j‘z P2t 25
0Gey, 7 (é’soejfey Gey 7 “Tsogr 2% Gel
ATLAS Simulation Preliminary {s=13TeV

3.3

3.2

Events

Signal fraction [%]

IS

— Expected signal yields per:
- Reconstruction category (y-axis)
- Truth category (x-axis)

— Fraction of expected signal yields per:

- Reconstruction category (y-axis)
- Truth category (x-axis)
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Normalised according to the total fiducial

phase space yield.
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VHbDb Resolved: STXS Bin Correlations

T T 1 -
ZH, 75 < pZ' < 150 GeV ATLAS Preliminary I 08%
(s=13TeV,139fb" — o6
. VH,H = bb
ZH, 150 < p>' < 250 GeV | -0.011 0.4
| 0.2
ZH, pf" > 250 GeV| 0.03 0
- -0.2
WH, 150 < pT‘““ < 250 GeV| -0.086 -0.4
- -0.6
WH, p" > 250 GeV | 0.047 -0.056  -0.031 0.8
] 1 _-I
Hos. sy Fpu WHyg  Ww,
fo il Tpsr T 22 TpWe T 22
r Y15 Geyr “ 250 EVO Ge|, r <25 .550 Ge|/

28/05/20

Stephen Jiggins

— Observed correlations between reduced

stage 1.2 STXS scheme for 5-POIl scheme
- Statistical & Systematics included

— Expansion of STXS scheme to include an
exclusive 150 GeV < p' (truth) < 250 GeV bin

reduces cross-correlation

ATLAS Simulatioh Preliminary
{s=13Tev, 139 {"

1 lepton, 2 jet, 2 b:tags

qg = WH =1 Lb-:t_l

High AR CR

SR

Low AR CR

P} [GeV]
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VHbb Resolved: EFT

— Effective lagrangian approach using the Warsaw basis: ATLAS Preliminary (5 = 13 TeV. 139 "
(D) =—68% CL ---95% CL VH,H = bb, A =1 TeV
c;
e — L (D) B Linear (obs.) Linear + quadratic (obs.)
Lsmert = Lsm + Z D 0;,"",
i & Best-fit (obs.)
. . . Linear Linear + quadratic
— Only dimension D=6 operators are considered: 68% CL 68% CL
— D=5 violate lepton/baryon number Chgs [x10.0] " [0.017,0.029]  [-0.018, 0.026]
— D=7+ suppressed by further powers of 1/A beyond A* 6. [x5.0] e [0.081,022]  [-0.19, 0.10]
. : : : 2.0 — [0.17,021]  [-0.24,0.18]
— Linear (interference) and quadratic (D=6)? parameterised S [ 2.0] .
in each STXS bin: Crwg < 0.5] = [0.46,13]  [044,11]
""“54-5_’I"“W'”'I""l""l""l“"l""l“‘ o, | [X0.05] frmrmmaneneanecs —e [13,3.3] [-10, 3.8] U[29, 43]
= : ATLAS Prelimina ----Linear (exp. PR T N SR T N S AR T N TN N TR NN S SO S S T
2 4t v e - 2 o 2 4 6 8
= | \s=13TeV, 1391b" inear (obs.) ] Parameter value
5’ 3.51 VH, H—bb, A =1TeV Linear + quadratic (exp.) -
. X Linear + quadratic (obs.) - = 3 ' ' ' ' ]
: : b ,sf ATLAS Preliminary Data best-fit ~ +1c  -1c E
3r 7] © Vs=13TeV, 139 b Ce = 0.00 —0.03 ---0.02
E VH,H>bb,A=1TeV | c.,=0.06 —022 ---0.10
2.5 3
- Apply
of constrained :
[ on Wilson ~F ! .
[ co-efficients < 3 : :
1 5_ “o 25k Databest-fit  +1c 10
i o f G, = -0.10 025 ---0.44
Uy 2F ; ;=070 =277 ---136 ]
15F ! E
0.5} .
: : 05 i 5
02037025 02015 01005 0 005 ' s ' _—
. B . . . . . H/,’f’ ?50 D"’fg‘ 2,1, ;'5 > 2“” }’50 Z’i %?.‘_}
C . . T%h{"\- 2 g *_95 \-p?‘ J’\' 750 N :Yr\_ 95 ‘?SOG@V
Hq Stephen Jiggin 50, Ge 0Ge, 32
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VHbb Resolved: Analysis Sensitivty over the years!

—

o N 00 WO O
RN RERRRRRRRRRRRRRE

Expected sensitivity [s.d.]

28/05/20

ATLAS Preliminary
Vs=13 TeV, VH—bb

+ % +

36.1 fb™" arXiv:1708.03299
79.8 b arXiv:1808.08238
139 fb' CERN-EP-2020-087

Scaling from 36.1 fo™'

+

optimiste scaling

L
100

N I
120 140

Integrated luminosity [fb]
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VH— bb Boosted Event Categorisation — Fit Regions
— Low(High) purity SR’s defined by additional AK4 jets:
2 18001 T T T T T — Categories
5 ATLAS Preliminary —s-Data 3 v = v
2 1600F- 8- 13 Tev, 139" . BB (-0 2 Channel 250 < pY < 400 GeV pY > 400 GeV
10O Ty e flets, S 3 0 add. b-track-jets | = ladd. | Oadd. b-track-jets | = 1 add.
1200E- - Wjets E 0 add. > 1 add. |b-track-jets| 0 add. > T add. | b-track-jets
S W - small-R jets|small-R jets small-R jets |small-R jets
1000 H = Uncelrtainty =
500 b —VHom s - 0-lepton| HP SR LP SR CR HP SR LP SR CR
600 = l-lepton| HP SR LP SR CR HP SR LP SR CR
400 = 2-lepton R ;2
200 _f
'8 1.5 E T I I —:
% 1 i ......... P CECCRRRRRS ._.\..‘.\..y.._.\:..\.\:_; //////
T 05 = ! | I ! i - - —
o 0 1 2 3 4 5 6 — -
: Nadd small-Rjets - = L L L L LR BRI BB B
- & ATLAS Preliminary -'-3:"“H + b5 (1072) -
— tt CR’s defined by additional AK2 VR track jets 2 1000 - LSTav.m-afh' . Ditoson [“;M'” ]
;; +2 leptons i i
-'uE;u = T large-R jets, 2 h-tags W :
— m, used as fit discriminant in CR/SR’s - showing sum of i@ Py = 290 GeV — oy -
lepton channel SRs: ety ]
—VH,H+bb:2
e -
B
g 15 FT R A R ey s
d o ]
E{I_E'—.I..I..I.I.I...I...l...-'
28/05/20 Stephen Jiggins °0 B0 100 1200 40 160180 2005,

IURG

m, [GeV]



VHbb Boosted: STXS Bin Signal Division

O-lep, = O-jet, 250 < p:J < 400 GeV, SR
O-lep, = O-jet, p}” = 400 GeV, SR
1-ep, = O-jet, 250 < p.’ <400 GeV, SR
1-lep, = O-jet, p]* = 400 GeV, SR
2ep, = Odet, 250 < p," < 400 GeV, SR

2-ep, = O-jet, p:" = 400 GeV, SR

OHlep, = O-et, 250 < p:‘.:mu GeV, SR
O-lep, 2 O-jet, p;* = 400 GeV, SR
1-lep, = O-jet, 250 < p:‘.:-mu GeV, SR
1-lep, 2 O-jet, p;” = 400 GeV, SR
2-ep, = O-jet, 250 < p.” <400 GeV, SR

24ep, = Odet,p,” = 400 GeV, SR

ATLAS Simulation Preliminary, Vs = 13 TeV, 139 fb™

3

signal fraction [%]

acceptance x efficiency [%]

UNI

— Signal acceptance x eff. per:
- Reconstruction category (y-axis)
- Truth category (x-axis)

— Signal purity:
- Reconstruction category (y-axis)
- Truth category (x-axis)

Normalised according to the total fiducial
phase space yield.
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VHbDb Boosted: STXS Bin Correlations

| | 1 ;
ZH, 250 < p* < 400 GeV ATLAS Preliminary 08 %
T {s=13TeV, 139 fb™ 06

Boosted VH, H — bb _|

ZH, pZ' > 400 GeV

WH, 250 < p‘f-‘ < 400 GeV

WH, p‘f-‘ > 400 GeV

28/05/20 Stephen Jiggins

UNI
|

FREIBURG

— Observed correlations between reduced

stage 1.2 STXS scheme for 4-POIl scheme
- Statistical & Systematics included

36



VHbb Boosted: EFT
— Effective lagrangian approach use the Warsaw basis: ATLAS Preliminary 5= 13TV, 130 &
P —68% CL ---95% CL Boosted VH, H — bb
LSMEFT = -ESM + Z —fD—4 O}D) s M  Linear (obs.) A=1TeV
i A Linear + quadratic (obs.)
— Only dimension D=6 operators are considered: ° Destiles)
— D=5 violate lepton/baryon number ¢ [x10.0) . —.—
— D=7+ suppressed by further powers of 1/A beyond A* 6L x501| e N —
— Linear (interference) and quadratic (D=6)* parameterised oy X201 o e
in each STXS bin: Cowe (X O8] | ——
f 1 _l I T T T T | T T T T I T T T T [ T T T T T T T T ] chH| [x 005] ................................... d. = 0000 esssssssssssssd
(@] B [ ] o b o b e b e b b e by
0.8 ATLAS Preliminary - -3 -2 -1 0 1 2 3
06 C (s=13TeV, 139 b . Parameter value
I Boosted VH, H— bb . .
0'4:_ A=1TeV E ATLAS Preliminary {s=13TeV, 139 fo'
0.2F . —68% CL ---95% CL Boosted VH, H — bb
T ] M Observed A=1TeV
oF — Apply Expected
= ] constrained e  Bestfit
- ] Wil -
_0'22 N cg?efficl:iseonr':s Cea [<10.0] —
_0'4;_ ---linear 68% CL. B .. .
0.6 —linear 95% CL. - *
- linear + quadratic 68% CL. ] I R S
-0.8F linear + quadratic 95% CL. E € .
_ _I I | 1 | 1 | L | 1 | I | 1 | | | | 1 1 1 | 1 | 1 1 n
1 -0.3 -0.2 -0.1 0 0.1 0. Cp [X05]| ————————
(3) 1 I 11 1 1 J 11 1 1 I I I — i 11 1 1 I L1 1 1 I 11 1 I 1
O Stephen Jiggi -3 -2 1 0 1 2 3

Parameter value

UNI
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@ATLAS VH_) bb STXS ATLAS-CONF-2020-006

EXPERIMENT ATLAS'CONF'2020'007
— VHbb resolved: Stage 1.2 STXS scheme merged down to 5/4 bins

é ATLAS Preliminary VH,H -+ bb,V - leptons cross-sections: § Measurement region SM prediction Result Stat. unc. Syst. unc. [fb]
-8 5-13TeV, 139 fp"  ® Observed =Totunc. = Stal unc. (lvi| < 2.5. H — bb) [fb] [fb] (fb]  Th.sig. Th.bke. Exp.
m 10® == Expected [ |Theo. unc. —
se 3 5-POI scheme
2 Vez ] W= fvi150<p¥ <250GeV | 240 + 11| 20 = 25|+ 17|= 2/ 13|z 9
3 102 - W = £v: p¥ > 250 GeV 71 + 03| 88 + 52|+ 44|+ 05|+ 25|+ 09
s = 3 Z—thvv:T5<py <150GeV | 506 + 41| 81 + 45|+ 35|+ 10+ 21|+ 19
—_1_ e - Z—tlvv:150 <p¥ <250GeV | 188 + 24| 14 = 13|x 11| 1|z 6|z 3
10 = Z = 6 yvi pY > 250 GeV 49 + 05| 85 + 40|+ 37|+ 08|+ 12|+ 06
= % 7 3-POI scheme
= o _ W — (v, p¥ > 150 GeV 3,1+ 14 35 & 14|+ 9+ 2|z 9 4
o i ry ra— Z—hvv;T5<pY <150GeV | 506 + 41| 81 = 45|x 35| 10|z 21|z 19
2 i h Z — €6, vv; pY > 150 GeV 237 + 30284 + 81|+ 64| 24|z 36|z 23
o
9 p 0,2 TH
° Pt 0
r ?SOGGV T 1’350 G'GL,-
ﬁ 12—ATLAS Preliminary VH,H =+ bb,V - leptons cross-sections —|
s 10:_‘@:13““' i139fy! @ Obseved=Totunc. —Statunc. 3 Measurement region SM prediction Result Stat. unc. | Syst. unc.
m - = Expected [[] Theo. unc. 3 (lyul <2.5,H — bb) [fb] [tb] [fb] [1b]
> 8— T —
- | - 48 | + 36 | + 3.2
8 1 V=W V=2 ] W — tv; p¥ € [250,400[GeV | 5.83 = 026 |33
o SF , =  pr € [250.400] 07 = BT 46— 34| - 30
| = ; - W + 12+ 10|+ 06
= - ' - W — fv; € [400, co| GeV 1.25 = 0.06 | 2.1
s £ ] I : E +pr € (400, - L1|- 09|- 05
= 4 - + 31|+ 24 | + 1.9
il ' ] Z — (lvv, pZ €]250,400[GeV | 4.12 + 045 14
o= : L) = vv; pr €1250,400] - 29— 23|- 17
. : — + 07 + 0.6 | + 0.3
- ! - Z — Ll vy, pZ € [400, oo GeV 072 = 00502
5 2 I : ] Vi pr € 1400 o ~ 06|- 05— 03
e = — ]
o ¢ ! i T
T O == ' —
o u ' L i
250 b, 250 R
T ph r -4, T pe T 4, L.
28/05 & “4og ¢, , ?Gey, & ‘40(;69!( ?Gey Stephen Jiggins 38
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-006/
https://cds.cern.ch/record/2715063

H— bb: Inclusive ggF high p"_

28/05/20

Ultra high p"_environment!

Stephen Jiggins
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Inclusive ggF high p_": Analysis Strategy HIG-19-003

T

“Pass” = SR

Project cube onto x-axis

— Parameterically fit QCD yield within (mg, p,.) bins: eail” = CR
D _ D k. 0 QCD
N}%(S:s (mSDI-, PT}) = €QC : ;‘IHPWT}' . Nfaj_] (mSDif PT;) ’ \ mg,
p";
\/
137 fo' (13 TeV)
> =R = L) P TR T R BT (LS PR P EL R |
8 2200 CMS  Preliminary W =
= 2000F-  600<p <675GevV - tZt 3
P e VR
c C ## Total background 5
o 1600 B H(bb), . =3.7 =
1 1400 R =
12008 =
— W/Z+jets & tt estimated from Monte Carlo 1000 =
(MC) =
600 =
— W+Jets/Z+]ets/tt control regions used to Zgg -
constrain normalisations/uncertainties o ]
2 4F =
Q]
E1%
8
28/05/20 Stephen Jiggins 6071 180 11007 1200 140 160 1808 1200 40

Mg, (GeV)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html

- QCD ~ 10’ times greater than signal:

x P b
1 8

s Boob
PO

o p

3-prong

——— Soft

Source: arXiv:1609.07483

— Topological handle on QCD vs signal using;:
 Ratio of 3-point/2-point energv correlation co-efficients:

N; =

o Use transformed N"*°T = N'_

signal (see here):
N'PPT < 0 for 26% QC

2

2€3

(1€2)*

— X to discriminate QCD/

(26%)

D accep. across [p,p,] -plane

Inclusive ggF high p_": Analysis Strategy

— QCD Bkg Estimation:

e Parameterically fit QCD yield within (m

--------------------------------- "
.
.

D 0\ D
N}%Es (mspi, pr;) ¢ f]ij)g'Nl%E

YT

e Account for: /

- ‘“double b-tag’ mass dependence \

- ‘Residual’ data/MC tagger performance

CMS Preliminary

60

80

100

------ .
.

— ¢QCD:.

------

120

.
CEsssEsssssEEEEsmEsEEEsssEEEEEEE -

140

SD,i’ pT,i

HIG-19-003

) bins:

(mspi, PT;’) ,

} Rp!f(Pf Pr)

4151 (13 TeV) /
) k-1

160

180 200
mgp, (GeV)
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https://arxiv.org/abs/1603.00027
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-003/index.html
https://arxiv.org/pdf/1609.07483.pdf

H— bb: Inclusive ggF high p™_ - NPP'!

2

— Ratio of 3-point/2-point energy correlation co-efficient: N; =

263

(1€2)*

UNI
FREIBURG

— N'is transformed linearly to remove m__ sculpting via subtracting the N' value at
which 26% of the simulated QCD events are found:

N1,DDT2 _ N12_ X

—> X565 determined as function of (p,p,):
1000 CMS Simulation Preliminary 2017 (13 TeV)

E 0.34
;/_,_ 900 0.32

0.3
800 0.28
0.26
700 0.24
—0.22

600 0.2
0.18

500

0.16

-6 55 5 45 4 35 3 25

(26%)

X26%

Apply:
N'PRT = N — X

(26%)

!

Efficiency

ns

A
(e

04

_ CMS Simulation Preliminary  41.5 fb™' (13 TeV)
L L B S B B

o
&)

o
o

01

[ 450 < pr <1200 GeV
4 N2P°" selection

1 -
4 Nj selection b 44
A
+ 1
N N
A
&
= A —
&
F ¢ ® o s § @
@ 6% 58 ® o0 b, 0 ¢ @
4
1,DDT
s A& 5 ]
| A“& N 2 —

A

0.0~

P IR R T L PR T TR W S T N N N
60 BO 100 120 140 160 180
msp (GeV)
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H— bb: Inclusive ggF high p™"_ - %" from QCD MC 9
=

— Double b-tagger is designed to be jet mass independent — loss function contains penalty term for differences —EE—
in jet mass distribution between pass/fail regions. S&

— Some residual difference exists therefore 2D Bernstein polynominal fitted, e€*“"(p, p,), that characterises
QCD simulated pass-fail ratio of events.

CMS simulation Preliminary 415" (13 TeV)

— 1200 0.02 o

=

— Dimensionless quantity that is approx. invariant as a function of

0.018 jet p:

2¥]
:l_ 1"}0 % g CMS  pPreiminary 35.9m' (13 Tew)
0.016 = =
1000 P
0.014 @
3
900 0.012 ‘%
.01
800 OO
0.008 :
?ﬂﬂ .5; e MG umcert. (slal )
0.006 %
g 0 - = = >
ﬁﬂﬂ 0.004 * - I:T-lﬂad'lr'i;jﬂl p:lugz{rn;n:'pi} !
500 002 — p ~ -2 corresponds to AKS instability from finite cone effects
— p ~ -6 correspnds to the non-perturbative regime of the soft-drop

60 80 100 120 140 160 180 200
mgp (GeV)

lg.
e p=2In(mg,/p;)

Source: arXiv:1307.0007

ephen Jiggins 43


https://arxiv.org/pdf/1307.0007.pdf

H— bb: Inclusive ggF high p"'_

— Double b-tagger performance differs in MC and data.

— Fit simulation to data to extract residual differences — Bernstein polynomial as a function of (p,p.):

CMS FPreiiminary 41.51f" (13 TeV) (Z akaEfPTf)
~ 1200 1.2 k¢
8
o 1100 1.15

1.1
1000

Data residual correction R ; / € b

60 80 100 120 140 160 180 200 0-7°
mgp (GeV)

5ins
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Test of CP Invariance in VBF H— 1t 9
=
—_E_
ZI.I.I
S&
g "UOG0UT i > 1
W,z
Phys. Lett. B 805 (2020) 36.1fb™ Feb. 2020 - H T Qe H
135426 W Z
g 0999090 . > . 4
— Uses same dataset as H— 1t observation paper:
Source: Phys Rev. D. 99.072001 (2019)
L NN L L BLELELEN NN B RS LA B 081 T | LA S g
ATLAS Vs=13TeV, 36.1fb™" - —85%CL
— --- 68% CL .
—total —stat. -~ SM exp. _ ] _ ]
olal mea P total (stat. , syst.) Analysis sensitive 0.6~ .
Thadhad 249 70 (01 0e) to both ggF and — i ]
' ' VBF production & 4, a
T g 3.43 *152 (4086 4125 modes w B i
ep “ha . _1.33 084 ' -1.03 ﬁ ::-b:l: 02 - -
T..T +2.80 +1.44 +2.40 : :
lep *lep ;6.79 _2.79 (_1_41 ' o 44 ) ol N
+1.06 +0.60 +0.87 : :
3.77 -0.95 (40_59 ’43_74) 02— —

Combination T—-—u
IIIIIIIIIIIIII
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https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.072001

T ; Phys. Lett. B 805
@Eﬁ\ﬂrﬁé Test of CP Invariance in VBF H— 11 (2oy2?)) eft. B

Physics Interpretation: — The choice =g, whilst arbitrary is motivated as it
P ) yields k, = k, as and VBF HWW vs HZZ not separable:

— Effective lagrangian (L ) composed of:

» Standard Model: L, d = —Ry = —(Ew:jxsm)tancr
e CP-odd mass dim. Six:  L°_, o - .
— This is the same assumption used in the H—=WW and

(5) (6)
. . 1 o
Legr= Lsm + Z f;\ o 4 Z J}\_2(9£6) +0 (F) H—ZZ combination.
— VBF sensitive to CP violation due to momentum
Lopp = Lons + GaAnHA, AW 4 Gz HA,, ZM dependence of CP-violating terms:
+ gHZZHZ#yZ”” — §HWWHAI/I7;$W—’#V o2 A
2

- Eg
TH (pr,p2) = oy 42 cpvpa
— CP-violation of VBF production parameterised by: (P1;p2) 1«';5-’2 U g 1«':%2 mwy PlpP2a

72 P _ g - s \
(dsin” by +dgcos™Oy)  Eyaz =5 sin 28y, (d = dg)

My 2myy, H—VV tensor structure

[

SHaAA = 3

[s

8nzz = 2m

{JC(]EE HH-' -+ EJTE f‘:ii.l_.l.: H“}' -EIIH"W = if;._
W My

— H—VV limited by m = (p, + p,)’, but VBFproduction is
not.

— Under arbitrary choice that d=d, , one can
parameterise the strength of CP-violation via:

IMI* = Mgyl + d - 2Re(MiyyMcp oga) + d° - IMcpogal”
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ATLAS VBF H— t1: Analysis Strategy Phys. Lett. B 805

(2020) 135426

EXPERIMENT

Fit Model:

— Total of 11 fit regions:

e H Properties: [m"M¢ | ]
* 11 System: [AR(T7), ...] — Cut on BDT: BDTHieh Opt. Obs. Opt. Obs. Opt. Obs. Opt. Obs.
BD'I'|0WScore mMMC ) mMMC mMMC mMMCTT

L] VBF TOpO.I [m”, ---] T T

/j‘ \ ggimgh:sii(gnal pu;ed Z— Il CR Yieldr %/////////ﬁ%///////////%/////////%
Low g enriche Top CR Yield Yield %////%%/////%

— Boosted Decision Tree (BDT) to define enriched
VBF signal against SM bkg’s:

AN NN NN
K % R R D %\
— Example of Data/MC for t,_t,__SF
ep lep
R /‘/
o BDT v BDT*ish
¢ score score
1{]3 E‘IS-_IID;IEIIIIIIlIIIIlIIII (:_ -I |I:|'a}a||||||||||||||||||||||||
A0C I (O] L s ATLAS = - ATLAS
< 2k | L o - = LB V5=13TeV, 36.1f0" L2 B‘E'Ef};‘a,;ﬂm V5=13TeV, 36.1f0"
— | ATLAS vern | A £ | Cowisienifeas ¢z SFlow-BDT CR & [ mmzore TuoTien SF SR
£ I (5=13Tev, 361" 4073, G- ] S ol Tm e 5 eLzsr N
QD 1.51_%%3F1'IFBF -2+rr ; = i B Uﬂﬂﬂtt:qm :Eﬂfﬁ"mmr
Ijj & [Zaw : ] = L mm Otner big
: 4.— Uncertainty
o :
: 312 +""""""": B 150
. : I I — g 1 ko + 4 _,E __g_ 51
g - + + }H E U 3 I 1 1 I 1 1 1 1 l 1 1 1 1 E I
-;E ....... i‘ ................................................... ;-__ D ﬂ 5ﬂ 1Dﬂ 15D Euﬂ D _015 _1ﬂ _5 n 5 1(} 15
= 0 | | : i
[14] L i I PRI T i s s W MC
S % e - mMC [GeV] Optimal Observable
 epr ——— —Stephen Jiggins v 48
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aTLAs Test of CP Invariance in VBF H— 17

Fit discriminants

Phys. Lett. B 805

EXPERIMENT

q _I LB I LIS I TTrrr I T rIr 1T I TTTT I TTrT '|d

S ATLAS ]

g B i om (s=13Tev. 36107 ]

o B Zaer rmrmpSFSH .

G Bz -

. ]

E 1‘5:_I TTrT TTrriI I T Iil T I TTTT I TTTT I TTT I_:

_E_ 1:h ................................... + .......................... _:

g 050 -

m _I 111 I 1.1 11 I 11 11 I L L 11 I 1.1 1 ) . 11 ! I-|

o A5 -10 -5 0 5 10 15
Optimal Observable

G‘ LA | L L I LI I LI I LI I LI )

— « Date

—~ 12 ATLAS

2 e e G-001 15=13TeV, 361

g 10 B Z4er tmrmSH

W

Data/pred.

10 15
Optimal Observable

28/05/20

Events/ 1.0

Data/ pred.

Events/1.0

Data/pred.

& Data
O vBF H

ATLAS

4073 d-qp 15=13TeV, 361"
Tiop Tiap DF SR

-15 -10 -5 0 5 10 15
Optimal Observable

10F S e ATLAS
4=073,d--001 V5=13TeV, 36.1"'

8 TaaThag SH

10 15
Optimal Observable

ATLAS
{5=13TeV, 36.11b™"
T SF low-BDT CR

?; 1‘ _I TrT I TTTT I TT T I TTTT | TTrrT I TT1rT I_
g 0' _I 111 | 1111 I 11 11 | L 111 | 111 ITI 11 I_
o -i5 -10 -5 0 5 10 15
Optimal Observable
x10°
G, L) I L ) I LI I LI I LI I ) I LI I -
= 1.5 o Dan ATLAS ]
£ o vdniied . (5-13TeV, 36117
& S Other bkg TpThaglOW-BDTCR
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L 1 —
0.5 :
B
e
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Optimal Observable
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T 300F gy 7o ATLAS
o O Misideniied 1 15=13TeV, 361/
& 250F = dw TapTep DF low-BDT CR
Ll:j -{Iharbl::g ¢
2{}0 Uncerainty
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100
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ﬂ'1ll2:_lllllllllIIIIIIIIIIIIIIIIIII_:
gOLB:_IIIIIIIII|I+IIIIIIIIIIIII|IIII_:
o -15 -10 -5 0 5 10 15
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@ATLAS Test of CP Invariance in VBF H— tt: Fit discriminants Phys. Lett. B 805

EXPERIMENT (2020) 135426
3

t:? 150__I L | LI | LI | L | L | LI I_. (:} 500:_—* L | L | LI | L | L | rri 1—'_ C} '>_<I‘I IOI T | LI | UL | L | L | LI I_

= [ o g‘fﬂ ATLAS i = " o 3‘"_‘3” ATLAS 1 = " o g‘fﬂ ATLAS ’

2 [ Dz \s=13TeV,36.1fb" | 2 400 Misicentied r  V5=13TeV,36.10" 4 2 | Bz Vs=13TeV, 36,16 -

@ L[] Misidentified TiopTiep SF Top CR i @ W e TiopTiep DF TOP CR i o YL B aw Tiop Tiep SFZ—IICR §

Lﬁ 100_- tr/wt _| Lﬁ [ Other bkg ] u-'-’j - W Other bkg e

| [ Other bkg ] 300 Uncertainty — - Uncertainty =

Uncertainty = - L |

B T C N 1j T\_*_ ]

- - 200 = C :

50_ ] C ] 0 5- |

: — 1001~ 1 7 :

L ‘ C ’ - ez 2 -
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H— 1t using 77.4fb™ HIG-18-032

— urh,lggH ‘ . 415" (2017, 13 TeV) 10° M, 2t 41.510 (2017, 13 TeV)
5 ErCMS [Ju+vembedded []Jet+x, mzsn 1? ::-'T 500 -7‘ Chsl I bpl,e;be;dedl |:l|Je;-n' I |I:|zl-»|| "]
L. a 107Er Preliminary g i [l Dboson W Bkgunc. j=3 [ Preliminary i Diboson Bkg. unc.
— 77.4fb" measurement of H— 17 sensitive to 3wk g S g Rl e S S |
. 105; _; =z E Data
VBF+ggF+VH production modes S o 1 & =t ;
2 L L] 3 2 — ]
IR i T i 1
2 . 200 .
— Utilises [ep, et,, pt,, 7,7, ] leptonic channels: " o ]
. 1 C ]
- ey Z—1t + tt dominant bkg 90% bkg estimated from data- 0 . : : : . OJ—‘— ——
-e(u)r,: Z—>TT + Weets bkg driven methods e e ] et
r ] 1.2 =
- : D k 15— 1 I 1 1 j 1; * 3
" Qc b 5 e 04 08 08 ! T a os  os 1o
NN output NN output
— Softmax conditional probabilities of events from
multiclass NN used to separate 9-classes ([ggF,VBF]
signal + 7 bkg):
— Simultaneous binned liklihood fit:
- 21 bkg categories
-4 Iepton channels 77.4 10" (13 TeV) o, 774" (13 TeV)
. CMs T | = 125 Gov.
- 3 Slgnal mOdelS Preliminary o g i SM[S EGE%CL |":_|95%CL
—_—— ThTh 1.48° 0.40 ; 25| Frelminary +68% CLexp 959% CL exp.
+ r Best fit
. . . . LL ’ Expected for 125 GeV SM Higgs
— Showing inclusive o, _ fit results i oazem | 9L
=
er, 0.28°0% sf
. 1 ey 139772 1:_ y
Inclusive  0.75°018 “t < -t
: -0A47 L T rea e
L1 I L1 1 | | I | I L1 1 1 | ] I - | 11 ﬂ-' T NI N AT A AT I A A A A
0 05 1 15 2 25 3 —1 0.5 0 0.5 1 1.5 2 25
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html

CMS
+ YATLAS

Constraints HVV EFT couplings: H— 11

PRD 100 (2019) 112002

EXPERIMENT

— CMS: parameterisation of anomalous HVV couplings

via:
vv 2 vv .2
v KL @K g

+ agvf:;gl)f*(z)py + agvfzgl)}*(z)yu

2 k%
my 1€y €ys

-A;:BSM scale
- aVV3 CP-odd interaction

- aVV2 CP-even interaction

— HVV anomalous couplings measured using effective
cross-section ratios f_, and relative phase ®:
a; o,

po=argl ] =S

1 i

o,

1

\

— ATLAS: parameterisation of CP odd terms according
to:

Loy = Loy

+ gHr1:1ff'iﬂF'4#v + H_H-‘lsz"i,u"l z'm + LE?HH;{IIE#?E'UF + H_H“"“" .F.I:W;F !‘]r,r—'r_!'v' 5

Where:

[

HaAA = .J,i{ii?!aiin2 ty + JB cos’ ) EiAz = 5 5in ggwm? ~ JE]

....f.”“.' .J”H_.r

- £ 7.2 T2 - £ 3
Enzzr = _{ﬂl Cos” H“f + ﬂrﬂ s I‘.-'I'H_.'} SHww = _lif..
= 2myy ) My

— Assume that d=d, as indistinguishable with dataset

IMI? = [Mspl” +d - 2Re(MgyMep.gaa) + d° - [Mepoaal®

A

— Transform between the two parameterisations:

E:COS(¢3)1/(1§%)1G and fa=

2

r32 Where: rizdz.%, sgn(d)=cos (¢,)
1+r

3

— Comparison of transformed limits performed internally,
regretably can not be shown here today
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