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Wisconsin Pheno. Group:
T. Han, D.L. Rainwater, D. Zeppenfeld et al.

Forward jets

Higgs Decay"[]
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VBF tagged jets

H =2 vy VIBF candidate event

Higgs Decay

WATLAS

E.(v;) = 36.2 GeV. n = 0.17 EXPERIMENT

m_, =1269 GeV

E+(y,) = 80.1 GeVim= 1.01

mber: 204769, Event Number: 24947130
E.(et,) = 1216 GeV, n =-2.90 :
E.(jet,) = 828 GeV, n= 272
m. = 167 TeV
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Category label Selection

ttH lep BDT1 Niep 2 1, No—jer = 1, BDTwuHlep > 0.987

ttH lep BDT2 Niep 2 1, Np_jor = 1, 0942 < BDTwHlep < 0.987

ttH lep BDT3 Niep 2 1, Nip_jor = 1, 0.705 < BDTyp1p < 0.942

ttH had BDT1 Niep = 0, Njets = 3, Np_jor = 1, BDTitHhaa > 0.996

ttH had BDT2 Niep = 0, Njers 2 3, Np_jop 2 1, 0991 < BDTppag < 0.096

ttH had BDT3 Niep = 0, Njs 2 3, Np_jor = 1, 0971 < BDTypypaq < 0.991

ttH had BDT4 Niep =0, Njets = 3, No_jer > 1, 0.911 < BDT1Hhad < 0.971

VH dilep Nigp = 2, T0GeV < mygy < 110 GeV

VH lep High Niep =1, |mey —89GeV| > 5GeV, py T > 150GeV

VH lep Low Niep = 1, |mey — 89 GeV| > 5GeV, J“”é]'_h‘.l]t“” < 150 GeV, B significance > 1
VH MET High 150 GeV < Effis < 250 GeV, EJ** significance > 0 or EP® = 250GeV
VH MET Low 80 GeV < EF[‘J"% < 150 GeV, E.:[‘Jis" significance > 8

gqH BSM Niers = 2, prj1 > 200 GeV

VH had BDT tight
VH had BDT loose
VBF high-pi#7 BDT tight

VBF }ngh—p-[-” BDT loose

VBF low-pp7? BDT tight
VBF low-p}# BDT loose

60 GeV < my; <
60 GeV < myj; <
|Anss] > 2, |myq
[&n55] > 2, |mqy
[&n55] > 2, |myq

120GeV, BDTyy > 0.78
120 GeV, 0.35 < BDTyy < 0.78

—0.5(m;y +m2)| < 5, piliT > 925GV,
—0.5(m51 + mi2)| <5, pat > 25GeV,
—05(nj1 + m52)| < p“‘U - 25 GeV,

BDTYEL > 0.47
—0.32 < BDT{'H*] <047

BDT“’“ ~ .87

(=L =1

[424

gl 2] BSM
ggF 2] High

oF 27 Med
gl 2] Low
gzF 1J BSM

=F 1J High
geF 17 Med
geF 1J Low

oF 0J Fwd
ggF 0] Cen

|An;| > 2, |myy — 0.5(my +mp2)| < 5, ppid < 25CeV, 026 < BDT{:.’;‘;’E, < 0.87
Niets > 2, > 200 GeV

Niers = 2, ph' € [120, 200] GeV

Njews > 2, p}7 € [60,120] GeV

Niats > 2, pp € [0,60] GeV

Niers = 1, pl = 200 GeV

Nies = 1, pp € [120,200] GeV

Njers = 1, pp € [60,120] Gev

Niets = 1, pp' € [0,60] GeV

Niats = 0, one photon with |g| > 0.95
Niats = 0, two photons with || < 0.95
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Variables Definition Separation power
mj; Invariant mass of dijet 0.256
Anj; Pseudo-rapidity separation of dijet 0.130
AD,, ;i Azimuthal angle between diphoton and dijet system 0.199
PT Diphoton pr projected perpendicular to the diphoton thrust axis 0.235
,&R;{"jﬂ Minimum AR between one of the two leading photons and the corresponding leading jets 0.185
peppenteld 173y — 0.5 % (71 +17;2)] 0.126
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7/1
cut-based tight | cut-based loose | MVA tight | MVA loose
VBF 2.22 2.57 1.64 2.17
goF 0.83 3.51 0.51 1.90
background 8.06 74.74 2.42 17.71
VBF purity 0.73 0.42 0.76 0.53
significance 0.72 0.29 0.88 0.47
combined significance 0.78 1.00

Normalized to 4fb™
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Backup—— % 3= L= AN DUk

* VBF H->vy
* ICHEP2016: Measurement of fiducial, differential and production cross sections in the H—yy
decay channel with 13.3 fb'? of 13 TeV proton-proton collision data with the ATLAS detector
* EPS2017: Measurements of Higgs boson properties in the diphoton decay channel with 36.1
fol pp collision data at the center-of-mass energy of 13 TeV with the ATLAS detector
* Paper: Measurements of Higgs boson properties in the diphoton decay channel with 36

fb! of pp collision data at sqrt(s) p =13 TeV with the ATLAS detector

e Contribution
e Optimization of VBF category
* Internal note editor
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Backup—— & 3= X E A T1EA(2)

* HH>yyWW*

» Paper: Search for Higgs boson pair production in the yyYWW?* channel using pp collision data
recorded at sgrt(s)=13 TeV with the ATLAS detector

 Contribution
 Estimation of theoretical uncertainty, including QCD scale, PDF and parton shower.
 Spurious signal
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Backup—— & 3k LEAFNTTEA (3)

* HHHOWW*WW*

» Paper: Search for Higgs boson pair production in the WW*WW* decay channel using ATLAS data
recorded at sgrt(s)=13 TeV

o Contribution

« Statistic interpretation . combination of three sub-channels, check of statistic model, upper-limit
setting
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correlation to my,

e the used variables should not be correlated to m,,

Correlation Matrix (signal) Correlation Matrix (background)

;
4 4
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CMS VBF H->yy strate LEBY ining.

Events produced via the VBF mechanism features two jets in the final state separated by a large
rapidity gap. A multivariate discriminant is trained to tag the VBF jets kinematics, considering
as background the production process of ggH + jets, and is given as input to an additional
“combined” multivariate classifier along with the score of the photon identification MVA, the
diphoton BDT score, and the ratio pr..,/m.,. Figure 7 (left) shows the transformed score of
the combined multivariate classifier for data in the mass side-band region 105-115GeV and
135-145GeV, along with the predicted VBF and ggH distributions. The classifier score has
been transformed such that the signal events from the VBF production mode has a uniform,
flat, distribution. A validation of the score of the combined multivariate classifier obtained in
Z - e'e +jets events, where the electrons are reconstructed as photons and at least two jets
satisfy the requirements listed below to enter the VBF category, is shown in Fig. 7 (right) for
data and simulation,

Selections:

e one jet with pr > 40GeV and one with pr > 30 GeV, both with || < 4.7 and width
a tight requirement on the pileup jet identification;

e the invariant mass of the two jets mj; > 250 GeV;

¢ the combined multivariate discriminant greater than 0.43.

o leading photon pr > m.. /3, sub-leading photon pr > m., /4;

¢ photon ID BDT score greater than -0.2, in order to provide additional rejection against
background events whose kinematics yield a high diphoton BDT score despite one
reconstructed photon with a relatively low 1D score;

* VBF Higgs vs ggH+jets
e Divided into 3 cats.

> Validated with Z->ee events

CMS Profminany 358 " (13 Te)
B B L | i

—— Daia
I:l Z = p'o |(Simulation) <
[_] senuation Stat. & Syst

BEvants/ 005

1 L
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Translormed scora ol the VBEF Combined BOT
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CMS VBF H->ZZ

e 12075
e = 00870
P inaa = U'UD:E:EE
e = 000750
Mo = 0.00y 5

CMS

35917 {13 Tev)

IIIIII
H— ZZF* — 4f

m, = 125.08 GeV

oT

=019
m . =105

CMS

5.9 (13 Tew)

WLELLEL I 40.77 expected events

Vg;-gggt 9.69 expected events

Ug;_gigt 4.24 expected events
vHiQSSé%”m 2.08 expected events

IRGAVAg 0.38 expected events

miss
T:g;:;d 0.11 expected &
LRERLE 0.51 expectet events

I ggH

B VBF
Bl WH, W—X

B WH, W—lv
£H, Z—=X
mm ZH. Z—2!
[ tiH, ﬂ_‘—)DI+)(
B ttH, tt—=1+X
B ttH, tt—=20+X
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0 01 02 03 04 05 06 0OF DB 09

Event category

Untagged VBF-1j VBF-2j VH-hadr. VH-lept. VH-EP®  fH  Inclusive
qd — 22 1918 200 025 0.30 0.27 0.01  0.01 22,01
gz — Z7 1.67 0.31 0.05 0.02 0.04 0.01 <0.0 2.09
7Z+X 10.79 0.88 0.78 0.31 0.17 0.30  0.27 13.52
Sum of backgrounds 31.64 3.18 1.08 0.63 0.49 0.32  0.28 37.62
e R S B T R
g — H 38.78 B.51 2.04 1.41 0.08 0.02  0.10 50.74
VBF 1.08 1.14 2.09 0.09 0.02 <0.01  0.02 4.44
WH 0.43 0.14 0.05 0.30 0.21 0.03 002 1.18
7ZH 0.41 0.11 0.04 0.24 0.04 0.07 0.02 0.93
ttH 0.08  <0.01 0.02 0.03 0.02 <0.01  0.35 0.50
Signal 40.77 9.69 4.24 2.08 0.38 0.11  0.51 57.79
uncertainties e Iy O R Toor Toee  tim
Total expected 72.41 12.88 5.32 2.71 (.86 043  0.79 95.41
uncertainties N i R e D08 o1 I g

' Observed 73 13 4 2 1 1 0 94

Table 2. The numbers of expected background and signal events and the number of observed
candidate events after the full selection, for each event category, for the mass range 118 < mae <
130 GeV. The yields are given for the different production modes. The signal and ZZ backgrounds
yields are estimated from simulation, while the Z+X yield is estimated from data.



