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Run 2 of the LHC

= The LHC performed admirably during run 2, delivering 163 fb~1 of
integrated luminosity

= CMS was able to record with great efficiency: 137 fb~! of “good for
physics”’ data at 13 TeV

= This unprecedented dataset has allowed to reach new levels of
precision in Higgs physics

= Better measurements of couplings to vector bosons and 3™
generation fermions

= Possibility of precise and multi-dimensional differential cross sections

= First evidence of Higgs decaying to 2" generation fermions!

Presenting just a small subset of the Higgs results by CMS in no

particular order, many other available and more coming still!
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CMS run 2 Higgs results

-19- v
CMS PAS HIG-19-001 H—-Z77Z - 4¢ 71 Covered in this talk
CMS PAS HIG-19-002 H - WW differential D}
DA Submitted to journal/published
CMS PAS HIG-19-003 ggH(H — bb) boosted D}
CMS PAS HIG-19-006 H - pp v
CMS PAs HIG-19-007 il = Myl = CMS Higgs group very prolific
CMS PAS HIG-19-008 ttH multilepton v , _ ,
= Covering mainly SM Higgs
CMS PAS HIG-19-009 H — ZZ — 4¢ anomalous couplings
= Many other interesting results I’'m
CMS PAS HIG-19-010 H- Tt v
unable to cover today
CMS PAS HIG-19-012 H - Zp,H - Zd Y _
= Further results are in the works,
CMS PAS HIG-19-015 H - yy v stay tuned!
CMS PAS HIG-20-004 HH - bbZZ(ZZ - 4¢)
CMS PAS HIG-20-006 CP violationin H — tt
10.1103/PhysRevlett.125.061801 ttH di-photon M v
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-002-pas-v16.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-003-pas-v14.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-006-pas-v5.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-007-pas-v9.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-008-pas-v6.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-009-pas-v6.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-010-pas-v4.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-012-pas-v7.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-015-pas-v5.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-20-004-pas-v13.pdf
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-20-006-pas-v22.pdf
https://doi.org/10.1103/PhysRevLett.125.061801

First evidence for H — pu

CMS PAS HIG-19-006



http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-006-pas-v5.pdf

The H — pp decay channel

| [N RN
LHC HIGGS XS WG 2013

= B(H - up) = 2.18 x 10~* in the SM — challenging measurement

= Muons are precisely reconstructed by the CMS detector

Higgs BR + Total Uncert
o

—
<
N
TTTT

= C(Clean final state, allows to reconstruct the full Higgs mass

= First 2" generation fermion to be directly observed interacting with
the Higgs boson!

—
=
T .w

1000

= The analysis targets the 4 major Higgs production mechanisms 10% 55" 155200 300 400 v (Go!
H e

Decreasing cross section
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Machine learning discriminants
= Aim to separate signal from background as much as possible

. T .
= ggH, VH, ttH — Boosted Decision Trees (BDTs) Mups Zmﬂﬂ; Pr 5 Yuuws Pesi €0Sbes
Pjis Pjps My Anj;; qgl
mln(Anuu,ji); z*; R(pr); Hr

= VBF — Deep Neural Network (DNN)

= Will focus on VBF as an example 137 1o (13 TeV)

T T T | T T T ] T T T I T T T | T T T | T T T I T

CMS Preliminary ¢ Data BH-uw !
10°F VBF-SR Run2 Wziew [Hov

E
Z u 1056 m,=125.38 GeV [l Top Quark [l Diboson ]
ut Signal VS DY =% . me e
Z H : ,
Signal VS Zjj i .
I _»"

= 4 separate DNNs are trained, and their output is fed to a 5" DNN
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Results

= Results are extracted via a simultaneous binned maximum likelihood fit in all categories

= VBF: DNN output

= ggH, VH, ttH: m,,

317 (syst)

i = 1191533 (stat

Assuming SM cross sections

|

08%x107* < B(H - uu) < 45x107*

Most precise measurement to date!

09/09/2020

137 b (13 TeV)
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35.9-137 fb™' (13 TeV)

III T T LI IIII T T T T Illll T T LI IIII
- CMS Preliminary wZ .2
i »
- my = 125.38 GeV Lo
b .-

= T ¥ -

.e E

,."’ ¢ Vector bosons

2 '." * 3™ generation fermions
I 2 ¢ 2" generation fermions
- =eee- SM Higgs boson
II| 1 1 L1 1 IIII 1 1 11 IIIII 1 1 11 | IIII 1 E
III T T LI lllI T T LI lllll T T LI llII T 1
i -------------- oo Ay
-lll 1 1 IIlIIII 1 1 lIIIlII 1 1 IIIIIlI 1 7
107" 1 10 107

particle mass (GeV)




H - WW differential

ARXIV:2007.01984 - (SUBMITTED TO JHEP)



https://arxiv.org/abs/2007.01984

The H - WW decay channel o
H " Y
= Second highest total branching ratio, highest to a leptonic final staty ----- -
= Final state with 2 leptons and 2 neutrinos provides best sensitivity W=

= Neutrinos are undetected, resulting in missing transverse energy (MET)

. . . do/dpr(H) [pb/GeV] arXiv:1705.05143v1
= No access to full kinematics of the diboson system 10" [ ooh@LAC T3 Tev NNLLA LD oy
Mh=1 25 Gev ------- ct=1.2,cb=—2.98,cg=-0.03

-———- q:1.2,cb=-4.89,cg=-0.04

- - ¢=1.3,c,=-0.85,c4=-0.03

100 8, T C=1.3,05=-3.34,04=-0.04
£ —--- ¢=1.4,05=3.31,c4=-0.03

Two differential cross sections measured: da/dp¥ , O'(Njets) 107! e e o
102 = i
= Precision test for the SM, indirect probe for new physics > 107
= Differential cross sections are as model agnostic as it gets 101'%
= Main backgrounds: tt, WW, Z — 77, non-prompt leptons ;g
7 S N I S B

50 100 150 200 250 300 350 400
pr(H) [GeV]
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https://arxiv.org/abs/1705.05143

-
A n a |yS l S St rate gy (2 oppositely charged leptons (eu)

24 2,
= Main target is the ggH production mode $ pr > 25GeV, py > 13 GeV
MET > 20 GeV,  pif > 30 GeV
(No third lepton with pr > 10 GeV

= Further subcategorization to enhance sensitivity, gradually
relaxed for higher p¥/1\ljets bins (lower statistics)

\ 4

= 7 - 17, tt backgrounds normalized from data in dedicated ’, B
phase space regions; WW normalized in signal region mr > 60 GeV; m;” > 30 GeV; Nb—jets =0

= Both reconstructed and particle level phase space binned in
pr/ Njets, simultaneous regularized unfolding within fit

= Low p¥ binning driven by MET resolution

Low p;’iz regions have less WW,
tt contamination = higher S/B

p,”! binning:
[0, 20, 45, 80,120, 200, o]

Njets binning:
[0,1,2,3,= 4] |
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R I t cMs 137 o (13 TeV)
.
es u S >4| No regularization
applied for Nje¢s
= Good agreement with the SM Largest discrepancy at a 1.40 level 3
= 15-20% error in lower p%’/NjetS bins ) o101
137 b (13 TeV) _ 137 fb' (13 TeV) . B s 0.029
% 10 CMS 7 geF —e— Observed —E é CMS [ geF —e— Observed : ; '
) =VBF E Statistical ] 3 102 =VBF % Statistical
ZH+WH Experimental - = ZH+WH Experimental
f‘%_ ‘‘‘‘‘ L O Th::rctical ] % [k D'l'h::retical 0 0.038 0.152 0.023 0.059
% 1B vaggae 3 2 Uncertainty HHMG5 aMC@NLQ' ]
° 3 b4 - 0 1 2 3 >4
< ] N
] 10 Feuny _E Jet
L I N Y- . cMS 137 o (13 TeV)
. =
AR @ >200| 0.034 0.010 0.039 0.020  -0.083
107 : =
120-200 0.052 0.040 0.101 -0.176 -0.197
: ¥ s
f 2 5
z 13 B 80-120 . =
s az s 111 4 () 0.122 0.114 D
"’og LU R L %9 | bbb L LT 3 .% 0‘2
‘2 ‘g 0.5 2 S 45-80 0,019 %
g 0 2 0 : o} o
& 0 50 100 150 200 250 & 0 1 ) 3 >4 & 3
P %{ (GCV) et 20-45 0.026
fid +0.12 (+0-05 +0.08 +0-03 S +0-07 ) 0-20 -0.130 0.130 0.008
H 1035557 (Zoos (stat.) Zggy (theo.) T o3 (lumi.) Ty 7 (exp.)
fid 199 0-20  20-45 4580 80-120 120-200 p:%ggv)
o 85.075 5 fb

09/09/2020

RECENT HIGGS RESULTS FROM CMS WITH THE FULL LHC RUN 2 DATASET - ROBERTO SEIDITA




Boosted H — bb run 2

CMS PAS HIG-19-003



http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-003-pas-v14.pdf

The H — bb channel and strategy

Resolved decay

= BR(H - bb) = 58% — highest in the SM
= Very high multijet (QCD) background

= |mportant channel in high p¥ phase space due to high BR

= Results in boosted jet topology, i.e. 2 jets reconstructed as one \

Events with 1 AK8 jet consistent with a 2-prong substructure are selected

= Events with isolated leptons, high MET or a b-tagged AK4 jet in the
opposite direction to the AKS8 jet are vetoed

= Events are binned in p¥f from 450 GeV to 1.2 TeV

A DNN is trained to recognize jets consistent with the H — bb decay
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137 b7 (13 TeV)
S>25000F" T T T T T T T T T
Resu |tS 8 ~ CMS Preliminary W ]
~ B 450<p <1200GeV ﬁ ]
B 20000 e -+ Mule -
c L ﬁ |1—'|c():’asl)back%]3 rgund ]
. . . . . . . . o B K= n
= Maximum likelihood fits on the jet mass distribution —— 1 15000[ + Data -
= Both inclusive as well as differential (in quf) measurements provided -~ B
= Likelihood unfolding to particle level distribution ¥ .
5000{— -
H O btmamelen 2 A e & RN ! ]
do/dpr g 6 '

s 137 fb™' (13 TeV) o, 4

B e T T 3 | & 2

S 0 CMS — Data 3 1

o | Prefmnary &= LHCHXSWG approx. NNLO al 5

[ e— B2 HJ-MINLO 3 i)
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5?:: : uy = 3.68 + 1.20(stat) £3-22 (syst) 1932 (theo)
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H — yy run 2 results

CMS PAS HIG-19-015



http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-015-pas-v5.pdf

The H — yy decay channel

_ , _ _ .»CMS Preliminary 137 fb™' (13 TeV)
= Relatively small SM branching ratio (~0.2%) is offset by very clean G e B B B B B B I
diohoton final state 8 - Hoyy, m, = 125.38 GeV All Categories |
P < s0{i=1.03 S/(S+B) weighted
[}

. - . et C ¢ Data ]
= The full 4-momentum of the diphoton pair is accessible L% ol S4B it -
. . TN e B component ]
= Excellent diphoton mass (m,, ) resolution of 1-2% E e Bl +io =
: : - : : 2 n [ ]+20 .
= Main backgrounds: SM diphoton production (dominant), y + jets, g F E
dijet (with misidentified jets) N . = F .
- 108 FMS'PCE’J!??IJ'I‘BU.C S 1.37,fb, (13 Tu?V) - 5 .
‘8; [ ggHx10? O 4y : (\p.« 10 n ]
% r“ jet.-jet I Background stat. unc. E.b.' B 7]

i, 10.,5_ T yjet + Data i 0 B

A BTD discriminant is trained to

2000 B component subtracted

1500
1000
500

separate genuine photons from jets

10°F 1

10°

10t 100 110 120 130 140 150 160 170 180

The diphoton baseline is measured in data my, (GeV)

wd bl e e e
—1.0 —0.5 0.0 0.5 1.0

Min ID BDT score
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Analysis strategy

= Simplified Template Cross Section (STXS) 1.2 framework is targeted (some bins are merged for enhanced sensitivity)

= Particle level phase space split in

orthogonal “bins” based on Higgs EE + [ B - vor + v 0o
kinematics — Eaar] . [Somllor] —
[om] =] 2] o #
.. . = 0-jet = 1-jet > 2-jet [0, 350 m;j; [350, co
= A Boosted Decision Tree (BDT) isusedto  * K = | ") 1 i ] |
i ) m; 0,350 s, [350, ] - ! pif[0.200] pff 200, 0]
categorize reconstructed events in the i A

120

350

corresponding STXS bins

0 1000

1500

HJJ

-
= Better performance (5-10%) w.r.t. .
kinematic cuts by leveraging correlations

= Allows for different interpretations of the
dataset:

-
%)
=1

H

= STXS, signal strength/coupling modifiers 10 o

= A binned maximum likelihood fit on the
myy, distribution is used to extract results

0 -jet 1 je! > 2-jet O-jet  1-jet > 2-jet

81 categories in the fit
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Results - STXS

= |n each STXS bin, a dedicated BDT or DNN is used to achieve maximal separation between signal and background

|” I” merging scheme are explored; tradeoff between uncertainty and model dependence

= Both a “maximal” and a “minima

CMS Preliminary 137 b (13 TeV)
é 2— 0 QObserved 7
Qo TE [ 1o (stat @ syst) IE =  Only maximal merging shown here
b'g 56.6::2 12°¢ . B 1o (syst) E i )
o LB + ‘_‘ij WE - Uncertainty on SM pred. __ = STXS bins are merged until all expected
E‘i‘ 2,-3?2 Coems | 2 = uncertainties are below 150% of the SM
[ womy<as A L e oaoms o5z ] prediction
§ STXS stage 1.2: maximal [
= my=12538GeV, p,, = 62% ' = All cross sections agree with the SM
within uncertainties
s 3.5
(D 3
2.5
2 1§ + + | +
o] : = 1
S 1B e s e Bk S ~ il e e e
g 0sEd T i 1 Tt
Ia'i— In.b— ID'D— IQ}— In_b- IQD— IQ.»— Inl- g c% g g ‘% E. E. 3I:: .I_.
i g ¢ 1 0B : o pog 2o§o:ifozo
s 3 £ 2 2 & 3 3 z 8 1 T ¥
5 3 B3 83 :3 38 FF
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Results - signal strength and coupling modifiers

. ) ) CMS Preliminary O Observed — *1o (stat @ syst)
= Each production mode is scaled independently
H—yy, 137 fb' (13 TeV) +1o (stat)
= The H — yy channels is sensitive to all primary i, = 125.38 GeV, p_ =53% L1le
. Th. Exp. Stat.
production modes - .
. mo @B 09gH013 008 4004 4010
= Full agreement with the SM "L o0 e 0l o
= Uncertainty on g4y is starting to be driven by /”VBF E——e—73 11593 51 e Loz
systematics B
Y | By 071y SE 9% 93
- 4 1l r - - 1.4(7038 +0.17 +0.07 +0.27
CMS Preliminary 137 o' (13 TeV) CMS Preliminary 137 fb™ (13 TeV) 5 top c = - TV 027 -0.09 -0.05 -0.25
3 Ellll ''''''' . _cl J E | + Best fit
2— my, = 125.38 GeV i 1.45— —68% CL m pSM=74% =T 1.03£.(1); 3.3; ﬂ.gg j.gg
F \ 13- - 95% CL . - : :
15? 12 o | 05 T THs 2z 25 335
Uy B
: h: Parameter Value
0.5 1
oF e © == = Coupling modifiers follow the kappa framework
E + Best fit 0'8;_ . . . .
e - — 6% L 07F = Left: Higgs couplings to fermions/bosons, i.e.
" —— 95% CL R — . .
‘1 o s og M7 resolving the H — yy effective vertex
Sl I T R RS s R i W FERTE FRRT FUE R FRRRE SRRRY ATTE FRAT SR S
05 06 07 08 09 1 19 12 06 07 08 09 1 11 12 13 14 . . .
Ky K, = Right: effective couplings to gluons and photons
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H—-o 77 — 4¢ run 2

CMS PAS HIG-19-001

09/09/2020 RECENT HIGGS RESULTS FROM CMS WITH THE FULL LHC RUN 2 DATASET - ROBERTO SEIDITA



http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf

The H — ZZ — 4¢ decay channel

= Relatively low branching ratio but very clean final state

Signal(background) probability
calculated from matrix element

= Main backgrounds: SM ZZ, Z+jets
= Access to full Higgs system kinematics

= 4 final states targeted: 4u, 4e, 2u2e

= (Categorization aims at all major production modes

= Matrix element technique is used both for categorization and
signal extraction

CMS Simulation Preliminary 137.1 b (13 TeV)
H
(S[nELLEI 183.95 exp. events = \gngF
AH -1 . S _— N WH W=X
Dy = |1+ Py (O gy VBF-tjet . . WH, Wiy
Preselection ]ﬂ Pypr (O [my,) \;;E?:;{:l = 5: g:?z(r
— -1 13.80 exp. events H i
. Dy = |1+ L@ D) tagged : R
4 isolated leptons wi Puyps (QHHT [m1,) VH;ggggodnic 7.54 exp. events =tbiEHIl|ﬂ_h2f+x
Z candidates formed SH -1 VH-leptonic v
+ - 4 - . Dy = |1+ Pryy (O [y ) taggt;d 1.73 exp. events
frome”e U | palrs i S d'?]PVBF(ﬁHH”mu) ttH-hadronic [N t
max(my) > 40 GeV Py (@1 )] tagged 19 exp. cliSnts
Dyy = |1+ —PZH (f'}HH]\mu) ttH-leptonic 1 ERFSPRES

tagged

0 01 02 03 04 05 06 07 08 09 1
Signal fraction

STXS sub-categorization in
ggH, VBF, VH tagged regions
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Results - signal strengths and STXS

= Simultaneous fit in all categories with 2D likelihood

. CMS Preliminary 137.1 ™" (13 TeV
kin
= IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Lop L(mélf)L(Dbkg |m4£) : H—ZZ -4l
= m,, profiled Gy (D)
2D template o
ggH-0j/pT[0,10] 0.87 /g% 0.80
o . +0.18
ggH-1j/pT[0-60] 0.78' % 0.88
s +0.41
CMS Preliminary 137.1 1" (13 TeV) ggH-1j/pT[60-120] 0-82;9_35 0.57
CMS Preliminary 2016 + 2017 + 2018 137.1 7" (13 TeV) 9gH-1j/pT[120-200] 1 '52-0.;.)6 0.10
> 240 ? TTT I TTTTTTTTT I TTTTTTTTT I TTTTTTTTT I TTTTTTTTT I TT I‘E gggH,bEH H%ZZ#dI ggH_ZjIpT[O_SO] 1 -47:"111335 0' 1 6
@ 220F &I 5?;:5) = 0975 stat) *"(syst) m,, profile o ggH-2j/pT[60-120] 1.59" s 0.23
— 200F Clqa22, 2y - Miusve 0-94 -0.10 ggH-2i/pT[120-200] 1.16%5 57 0.11
2 180E Wo9-2Z, 2y ggH-2j/mJJ>350 0.00°> 2 0.10
o OF X ] H/pT>200 0.47°0
I - . +0.45 VBFm 16 gg p 11047 007
(] 160 :_ _: 0.64. 5 (stat.) ~0"09 (syst.) qu-2]/mJJ[350,700] 1 71‘."117911 0.05
140 = qqH-2j/mJJ>700 0.93) o 0.07
120E E qqH-3j/mJJ>350 2.89 s - : 0.04
ook E Ve qqH-rest 0.00/7; #——— 0.25
- ; TSTEsa) 5 oyst) qqH-2{/pT>200 0.00'%73 I:l 0.02
80 = VH/pTV[0-150] 3.217 : - | 0.11
60f- = VH/pTV>150 0.00’, ~ #— 0.03
a0k B ttH,tH qqH-2j/mJJ[60-120] 0.57""2 |-m+—f 0.05
- § 0.13;0%stat) " isyst) ~ 5%
20:— ttH,tH 0.07'0.0'7 L1l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIOI'IQﬁIIII
T T 0051152253354 455 0123456782910
m,, (GeV) i 0/0g,
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H — Tt run 2 results

CMS PAS HIG-19-010



http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-010-pas-v4.pdf

LHC HIGGS XS WG 2013

The H — Tt decay channel

¥

_—

= Second largest branching ratio in fermionic Higgs decays,
cleaner w.r.t. bb

Higgs BR |+ Total Uncert
o, =)

= Analysis targets t,7,, et,, Uty, eu final states, stage 1.2 107 E
STXS in ggH, VBF ]

. 10%65 125 200 - 300 400 1000
" m,,; reconstructed with 15-20% accuracy My [GeV]

CMS Preliminary 137" (13 Tev) Fit variables

+4-0bs. [ ]t bkg. [llz— eeluu[Tltt + jets

[ )< mis-p [ oth U B+ (= 0.85) Final state Category Selection Observables
mis- ers nc. —> = 0. . .
>T L il ] 0_]et 0 jet Mer, Th PT (ﬁ‘[’h)
8 600 10 —+I—Obs.»lbkg.-_: Mo (ep)
- : e | VBFlow py > 2jets, my > 350GeV, py < 200GeV i, my
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Results

6B (fb)

Ratio to SM

Driven by systematics

CMS Preliminary 137 o' (13 TeV)
Production mode signal strength/coupling modifiers and STXS results provided . Obs. 1o o stat.
Binned maximum likelihood fit on different variables depending on phase oo ‘:08 i‘:ze Sf; b:‘('m

. . . M ——— 85511 007 006 006 0.
space region (see previous slide) 011007 006 006 003
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ttH di-photon ana
multi-lepton final states

10.1103/PHYSREVLETT.125.061801; CMS PAS HIG-19-008



https://doi.org/10.1103/PhysRevLett.125.061801
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-008-pas-v6.pdf

ttH(H — yy) and multilepton

t/b
= Dedicated measurements for the ttH production channel i/b
S
= Direct access to H coupling to fermions ip
: : : : 8 /b
= Measured in both diphoton an multilepton final states
I \
CMS 137 fo' (13 TeV) . CMS Preliminary 137 b (13 TeV)
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Conclusions

“* The remarkable run 2 dataset provided by the LHC is enabling unprecedented reach in Higgs
physics

* Substantial improvements across channels
DG i |
»* New observations!

“* Many more results | could not cover, and still more to come soon
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Thank you for your attention
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Huu - event selection

=
H — uu baseline selection Nieptons = 3 & \\WH like
2 isolated, oppositely charged muons - R :
lead * subl g ZH like
pr ¢ > 26(29%) GeV, p’t > 20 GeV
In| < 2.4
Nb—jets =0; Njets = 2 .
d VBF lik

" 96% of dimuon events contained in ggH region
(0ggn = 10 X aypr)

4 Gluon fusion like

_ L _ Further subdivision of phase space in each
= VBF drives the sensitivity of the analysis : L :
category with multivariate techniques

= VBF selection however reduces contribution
from off-shell Z = uu events

*2017 dataset
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H — 1t - STXS setup

Stage 1.2
ggH 200 < p;" < 300 GeV
———lm———
. H
ggH 0 jet pr [0,200] ggH > 1jet H
r——---l---ﬁ | o 1Pr
1
! Iy 200
— 0. 1| =14 - ;
. | = 0-jet Il | = 1-jet | ggH low m; 2 2-jet | Medium m; :
0 n

m;; [350, oo]

——
i
=]

ggH 1 jet low p;

ggH 1 jet med. p;
25 oo Hjjl
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T
ighm,
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Stage 1.2

- — VBF+V (—qq)H

—--l—----—-+--------—-------

| = 0-jet ” = 1-jet I

qqH non-VBF topology
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HWW - Signal extraction and unfolding
. .

= Binned maximum likelihood fit to the 2D (my, m,,) distribution

= Result is unfolded to a particle level fiducial phase space

Niees =0 Nigrl' =
= Particle level bins are treated as separate signal sources
etc ...
= Detector response function implicitly built into the fit 001 2 3 24 N
: : : gen
= Result is automatically unfolded, no further procedures required N =2 137 16 (13 TeV)
= Natural propagation of systematic uncertainties to unfolded distributions CMS ol o enorom
. . . H . . 2 b 0<p'<20GeV qf 20 < plt <45 GeV 1
= Regularization term included for p7 due to substantial MET smearing = = F{EE= ]
£ 200f 1
reco = [ ]
NblnS | 4((]]& ] =|
N N . N - - - > 2 Z Background subtracted : E :
Lunreg(u,él) = ‘ ‘ Poisson (nj;sj(u, 0) + bj(H)) N(Q) - K (u) = *ﬁi‘ﬂ ]
. % a0 45 <pl' <80 Gev [ 80 < p' <120 GeV ]
J=1 Zooof i I 1
2 e T
Tof
Q
L 2 d —fid L Miv1 — K" — (U — Ui—1 g
5= Y[Ryt (ol 4o )] G = T (=0 ) °
i=1 i=1

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
m" (GeV)
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Simplified Template Cross Sections (STXS)

= Framework designed to enhance sensitivity to the structure of the Higgs sector

= Measure cross sections (not signal strengths) in mutually exclusive regions of phase space (bins)
= Unfolded to particle level, i.e. corrected for detector response
= Built with scalability in mind: different stages with increasing granularity

= Minimizes theory dependence while maximizing experimental sensitivity, isolate new physics
= Targets ggH,VBF,VH,ttH,tH, bbH production modes

Stage 1.2 _ Stage 1.2

= VBF+V(—qq)H

[ 1
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, 200
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