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LS Overview =

© Analyses Covered:
o H-—>ZplZ¢ at CMS
o H—-> Jlyy at CMS
o H—->Jhyy,w2S)y,Y(nS)y at ATLAS
e H— Zy at ATLAS
e H— Zyly*y at CMS
o H — ee at ATLAS
o LFV H — ey at ATLAS
o LFV H — ur/ler at ATLAS
o LFV H — ut/etr at CMS
o VBFH — invisible at ATLAS
o ttH — invisible at ATLAS
o H — invisible combination at ATLAS

o /ZH — invisible at CMS

o H — invisible combination at CMS




Rare decays of the SM-like Higgs boson to mesonic
final states provide a unique window onto light

quark Yukawa couplings

LFV decays of Higgs boson are a clear signature

for BSM physics

Higgs boson decays to DM particles can be
indirectly inferred through missing transverse

momentum as they escape detection
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o First limits in this channel with full Run 2 data

o Selection:

© Meson candidates: p*>1GeV, p;e“di”gtrk > 10GeV, AR <O0.1

Isolation: I"* < 0.5GeV

(

(

p candidate: 0.6 <m_, < 1.0GeV
¢ candidate: 1.005 < mgr < 1.035GeV

(

o Parametrization:
o Background: Chebyshev polynomials (order 2 to 5)

o Signal: Binned template with a bin width of 1GeV

o Results:
© Observed 95% CL Upper Limits: B(H — Zp)<1.04-131%
and B(H - Z¢) <0.31 -040%
o Variation in limits comes from polarization

assumption: longitudinal - transversal (see backup)
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" Search for H — Jlyy

arXiv:1810.10056

HoJ/yy—pupy 2016 35.9 fb" (13TeV)
> [T T T T T ]
8 70;_ CMS + Data _
o 6ol H—sJ/yy signalx750 .
o |
© This search probes anomalous Higgs coupling to c-quarks ® 50} §§§§H%ﬁvbm*mnwwﬂ50 .
o | :
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LW 40 7
o Selection: : + ;
30 7
o AR(pp,y) > 2 and [A¢(up,y)| > 1.5 : + ++ :
> prlmy,,, > 0.28 rejects y*/y+ jet backgrounds 20:_ + + + + + + E
> 30<m,<32GeV mass constraint for J/y 10 + ]
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o Parametrization: m,, (GeV)
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o Background: order-two polynomial function 8 6ol CMs Inclusive category -
) . I\ L [ ] Data i
o Signal: Crystal Ball + Gaussian 5 501_ Expected signalx250 R
-'GC_J' Non-resonant background model
Lﬁ 40 C - Expected resonant backgroundx20
> Results: i
30+ .

© In SM, B(H - Jlyy)=3.07)3x107° N :
o Observed 95% CL Upper Limits: : ]

10F -

B(H — Jlyy) < 7.6 (S.Zf%:g) x 107 (J/w is assumed to be fully
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https://arxiv.org/abs/1810.10056

@S Search for H — J/yy,

- These searches probe anomalous Higgs coupling to c- and b-

quarks

o Selection:

o w(nS) —» pu u~ candidates: 2.0 <my, <4.2GeV
o Y(nS) » u*u~ candidates: 8.0 <m,., <12.0GeV
o AQ.7) > 7/2, 40(34) < pl < 544(52.7)GeV for w(nS)(Y(nS))

o Parametrization:

o Signal: Bi-variate Gaussian distributions (m -y and

’nﬂ+u‘)
o Background: From “Generation Region - Loose Isolation,

p$:>30" by sampling the pdfs

o Results:
o Observed (Expected) Upper Limits at 95% CL:
o B(H = Jlhyy) =3.53.0)x 10™*, B(H — yw(2S)y) = 19.8(15.6) x 10~*
o B(H— Y(nS)y) =4.9,5.9,5.7(5.0,6.2,5.0) x 1074

w(2S)y, Y(nS)y &

CMS
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arXiv:1807.00802

‘ATLAS
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Search for H

© SM Higgs boson can decay into Zy through loop

diagrams: B(H — Zy) = (1.54 +0.09) x 1073

, Selection:

Z weights / GeV

o FSR correction + constrained kinematic fit improves
mass resolution by 14% for H — eey and 10% for

H — uuy 40

o To reduce background and simplify background

CMS

— Ly

arXiv:2005.05382

ATLAS

/s =13 TeV, 139 fo'!

All categories

IN(1+Sgq/Bgg) Weighted sum
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x@ 4:_| T T | T 171 I T 11 l T 11 | T T T | T T I_;
modeling pl/my > 0.12 @ 8? +++ 4
2 + t:
4:_ 1 1 | I 11 1 l_:
o Parametrization: %i%Geb?s
> Background: Bernstein Polynomial, Power, or Category 7 Significance
exponential VBF-enriched ~ 0.5%12 (1.0730) 0.3 (0.6)
Signal: Double-sided Crystal Ball - - 1.7 1.7
High relative pr  1.67;¢ (1.0%}¢) 1.0 (0.6)
High pr; ee 2901013 1.7(04)
> Results: Low pr; ee Z&9+28(L0+'j) 1.5(0.4)
> Observed (Expected) Upper Limits at 95% CL on High pr, uu 29+30(1O+ ) 1.0 (0.4)
c XBR: 3.6 (2.6) times the SM prediction Low pr; pu 08+26(10+ ) 0.3 (0.4)

7 Combined 205051009 2.2(1.2)



https://arxiv.org/abs/2005.05382

f* search for H — Zyly*y &

! ! arXiv:1806.05996
e sG] oo
- - CMS 35.9 fo' (13 TeV)
’Y*/Z ’y*/Z | I T I T T 1T T I T T I T 1T I
® Observed - 68% expected
o+ o+ © Expected (Background only) D 95% expected
© Expected (SM m =125 GeV) — o/og,=1
H—Zy—lly, Lepton tag S e
o Parametrization: H—Zy—eey, Untagged 1 e
H—Zy—eey, Untagged 2 ® @ —
o Background: Bernstein Polynomial, Power, H-Zy—eey, Untagged 3 o
H—Zy—eey, Untagged 4 —— @
. H—Zy—eey, Dijet tag o o
or exponentlal H—Zy—eey, Boosted e
) . H—Zy—puuy , Untagged 1 - ea
o Signal: Double-sided Crystal Ball for H—Zy—uuy, Untagged 2 .
H—Zy—puy, Untagged 3  oe
H — y*y, Crystal Ball + Gaussian for H—Zy—upy, Untagged 4 o e
H—Zy—upuy, Dijet tag o e
H — Zj/ H—Zy—uuy, Boosted . e00
H—>y*y—uuy, EE o
H—y*y—uuy, Dijet tag . oe
H—y*y—uuy, EB Low R9 . oo0e
H—y*y—uuy, EB High R9 ———= ®
o Results: H—Zy—lly, Combined oo e
H—y*y—puy, Combined —— @
o Observed (Expected) Upper Limits on H— Iy, Combined o | |
0 X BR vary between 1.4 and 4.0 (6.1 and 1 10 102

, , 95% CL upper limit on o/cy,,
11.4) times the SM cross section for

H — y*ylZy
© 3.9 (2.0) for the combination


https://arxiv.org/abs/1806.05996

Search for H — ee

© In the SM, the H — ee BR: GFmHmeZ/(4 ZﬂFH> ~5x 1077

o Selection:

o E%niss/\/HT <3.5GeVY? for bkg. suppression

o Parametrization:

o Background: Sum of a Breit-Wigner convoluted with

a Gaussian, and an exponential divided by a cubic

function
o Signal: Sum of a Crystal-Ball and a Gaussian

function

o Categories:

o VBF: |An;|>3, m;>500GeV

© NonVBF: ’‘Central’ if |5#“| < 1.0 else ‘Non-central’

© ‘Low p”’ (p{i?’ﬁs 15GeV)
o Mid pifr (15 < pif <50GeV)
© ‘High p”’ (pff> 50GeV)

CMS

Entries / GeV

arXiv:1909.10235
ATLAS  {5=13Tev, 139" -
¢ Data

— Background model

— Signal B(H— ee)=2%

Data - fit

o Results:

110 115 120 125 130 135 140 145 150 155 160

Mee [GeV]

o Observed (Expected) Upper Limits
at 95% CL: 3.6x107*(3.5x 107%

o Factor of 5 improvement from
previous result

o Statistically limited with
largest systematic contribution

from bkg. modeling uncertainty


https://arxiv.org/abs/1909.10235

Strong indirect constraints on Y@ from u — ey

o 2 2 -6
\/|Yﬂe| +1Y,,1* <3.6%10

Selection: E%niss/\/HT < 1.75GeV!? for bkg. suppression
Categories: H — ee categories + ‘Low p;’ (p?2<:27Ck\U

due to non-prompt origin of lepton or is a

misidentified photon or hadron

Parametrization:
o Background Model: Bernstein Polynomial

o Signal Model: Crystal-Ball plus a Gaussian function

Results:
o Observed (Expected) Upper Limits at 95% CL:
6.2 107 (5.9 x 10™)
o Factor of 6 improvement from previous result
o Statistically limited with largest systematic
contribution from the Higgs boson production x-sec

uncertainty 10

* Search for LFV H —eu =

Entries / GeV

Data - fit

CNB
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PERIMENT

© Search involves both leptonic
(t —» £uvi) and hadronic
(t = hadrons +v) decays of 7
leptons

© Dilepton final state 77, only
considers pairs of different-
flavor leptons due to the large
DY background

o Results:
o Observed (Expected) Upper

Limits at 95% CL:

B(H — er) = 0.47(0.341)1)% and

B(H — pt) = 0.28(0.370 1) %

Yukawa: \/ Y2+ 1Y,. % <0.0020

and \/le|2+ Y, > <0.0015
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Search for LFV H — ur/er =
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arXiv:1901.06131
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EXPERIMENT

o In Run 1, a small excess of data
w.r.t. the SM background-only
hypothesis was observed in the
H — ut channel (2.40), Best-fit:
B(H — ut) = (0.84193%) %

—0.37

o Results:

o Excess observed in Run 1 was

excluded with the 2016 results

Observed (expected) limits (%)

BDT fit M, fit
H— ut  <0.25(0.25)% <0.51 (0.49) %
H—er <061(037)% <0.72(0.56) %

BDT fit
VY + [You? <143 x 1073
VI Yer|2 4 [Yee|? <226 x107°

KT, 0 Jets
0.51% (0.43%)
b, 1 Jet
0.53% (0.56%)
b, 2 Jets
0.56% (0.94%)
urh, VBF
0.51% (0.58%)
ur, 0 Jets
1.30% (0.83%)
ur, 1 Jet
1.34% (1.19%)
e, 2 Jets
2.27% (1.98%)
pr, VBF
1.79% (1.62%)

H-out
0.25% (0.25%)

102k

CMS 35.9 " (13 TeV)
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h—ut: BDT fit
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- 68% expected N
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Search for LFV H — url/er=

CMS
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arXiv:1712.07173

et,, 0 Jets
0.73% (0.79%)

et,, 1 Jet
0.81% (1.13%)

er,, 2 Jets
1.94% (1.59%)

et,, VBF
1.49% (0.74%)

et,, 0 Jets
1.22% (0.90%)

e, 1 Jet
1.66% (1.59%)

e, 2 Jets
2.25% (2.54%)

et,, VBF
1.10% (1.84%)

H— et
0.61% (0.37%)

CMS 35.9fb" (13 TeV)
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ERIMENT
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(a) Signal process
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(c) Example diagram for the electroweak VBF Z+jets

background process
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(b) Example diagram for the strong Z+jets background
process
q Z
\4
ql

(d) Example diagram for the electroweak diboson process

<

q
q;

© selection: pl*!>80GeV,pl"* > 50GeV,pi>* > 25GeV,

n’'.n* <0 and An;> 3.8

o CRs enriched in Z(ll) + jets and W(lv) + jets are

defined to constrain the MC normalization

o Results:

o Observed (Expected) Upper Limits at 95%

B(h — invisible) : 0.13 (0.1370-0%)

—0.04

Search for VBF H — invisible

CMS

{

ATLAS-CONF-2020-008

ATLAS Preliminary, 139 fb-1

.2 Signal region bins for the search of VBF invisible Higgs boson decay
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2 Uncertainty
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https://inspirehep.net/literature/1791623
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it Search for ttH — invisible

E

L g |

~9
t

b q g t

, 0-lepton final state: # of b-tagged jets >2,

EMs > 250GeV, mi=1%=10,60, 120, 0] GeV
Backgrounds Z + jets, W+ jets, ttZ, tt, and tW modeled

with MC and constrained in CRs

2-lepton final state: # of b-tagged jets >1,
E}Tl"ss — significance > 12
Backgrounds tfZ, tf modeled with MC and constrained in

CRs; fake lepton bkg. estimated in data-driven way

Results:
o Observed (Expected) Upper Limits at 95% CL

B(h — invisible) : 0.94(0.647070), 0.37 (0.421010) for 1tH — 0,

ttH — 2] channels

14

Events / 20 GeV

Data/SM

Events / Bin

Data/SM

CMS

arXiv:2004.14060
ATLAS-CONF-2020-046

T
A T AS Prellmlnary ¢ Data %Standard Model
\/_ = 3 TeV 139 fb 1 Z/yﬂets t’-[

SRBTT B iz B w-jets
. Single-top . Diboson
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https://arxiv.org/abs/2004.14060
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CMS

Search for H — invisible combination

ATLAS-CONF-2020-052

> VBF H — inv and (tH — inv results from full Run 2 combined with Run 1 results to set the
most stringent limit on H — inv to date
> No overlap between the events selected for the VBF and tfH topologies was found

ttZ-CR from the tfH — 2/ analysis is used to constrain the ¢fZ background in both channels

NG Int. luminosity Best fit Observed Expected

Analysis (TeV] [fb™ ] B ine upper limit upper limit | Reference
Run 2 VBF 13 139 0.0015 57 0.13 0.13 005 | [42]
Run 2 ttH 0.041030 0.36°015 | This document
Run 2 Comb. 0.00f8:8§ 0-12j8:82 This document
Run 1 Comb. 7.8 4.7, 20.3 —0.0270-13 0.25 0.27 008 | [36]
Run 142 Comb. | 7,8,13  4.7,20.3,139 0.0070:00 0.11 0.117093 | This document
> Previous Run 1+2 combination done by ATLAS has E 10_41__ '1'3;4';',,,”0'.09' | "%Tz-'é\fesrleii;ﬁ]jg_?rymj
s - _Alllimits at90% CL s =8TeV,20.3fo" |
Observed (Expected) limits at 95% CL at = — \l§=13$ev,139fb"1 =
% 43 —
O.26(O.17f8:8§) - details in backup E 10 i
107% e —"'_’_—_;
» Translation of the H — inv result into oyp_n LT T ot oterexperments |
- % Sczjllar WIMP DarkSide-50—_]
relies on an effective field theory approach; B -
- = = = XenoniT —
Nuclear form factor f, =0.308 £0.018 is used 10 ey
15 1 10 10 10

Mywe [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/

o “Higgs portal” model: If

m, <m,/2, the Higgs boson could

decay invisibly into a pair of

DM particles

o Selections:

Search for ZH — invisible =

[€XE

107"

1072
1073

[
arXiv:2008.04735
. 137 o' (13 TeV) 137 fb” (13 TeV)
> 10 — 1 - ' ' 1 - T 1 T T > 1041 L L
8 CMS Z(h_ (inv.) ¢ Data 8 CMS Z(hh,  (inv.) ¢ Data
> 10° — ADD n=4,M =2 TeV  \\ Bkg. unc. ~ ., 3 — ADD n=4,M =2TeV  \\ Bkg. unc.
2 . [ Drell-Yan 2 10 . [ Drell-Yan
s . 0O-jet category - Wz 3 1-jet category - w2z
@ 10 2z m 102 zz
% VWV
I Nonresonant 10 [ Nonresonant

Data/SM

200 400

| E

600 800 200
p:|ss [GeV]

400 600 ___ 800
P [GeV]

o Results:
o Observed (Expected) Upper
Limits at 95% CL

B(h — invisible) : 0.29 (0.2572%)

Quantity Requirement Target backgrounds
Ny =2 with additional lepton veto WZ, VVV

s >25/20GeV for leading /subleading Multijet
Dilepton mass \mgp —mz| < 15GeV WW, top quark
Number of jets <1jet with p} > 30GeV DY, top quark, VVV
pif >60 GeV DY

b tagging veto 0 b-tagged jet with pr > 30 GeV Top quark, VVV

T lepton veto 0 1, cand. with p; > 18 GeV WZ

Ap(Py, piss) >0.5 radians DY, WZ
Ap(pLE, pmiss) >2.6 radians DY

P — pi |/ Py <04 DY

ARy <18 WW, top quark
pr'*® (all but 2HDM+a) >100 GeV DY, WW, top quark
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atas Search for H — invisible combination &

f
% >
g g
 H A Y
_ N\ X X
X g H
’-‘l. Q000 —
X

o Current analysis exploits the distinctive kinematic
features of the VBF topology by fitting the shape of

the m; distribution

1 4.9fb" (7 TeV) + 19.7 b (8 TeV) + 38.2 fb™ (13 TeV) os N 497 (7 TeV) +19.7 b (8 TeV) +38.2 b (13 TeV)
LL B L (=) . ~ 10_ T T T T lll T T T L II T T T L
* | cms = E o 90% CL limits
1.3 0.45 g é B(H— inv) <0.16
" o LHC best fit z S 10" .
12F — sl 4 ? ; Higgs-portal models
F ---95%CL T ¥ 10® £== Fermion DM
1.1 SMproduction 035 % 0 Scalar DM
L 2 Direct detection
1] sl S @ - - - - - - ------- - o 107 i = XENON-1T
T E | =—LUX
e = 107% i —— PandaX-ll
0.9F 0.25 5 ': —— CDMSLite
S 107 1 —— CRESST-I
0.8 | —— CDEX-10
o 107
BN
0.7 0.15 10 P
ey g b b S -47 1 1 Lol L Lol 1 1 11 1111
%86 07 08 09 1 11 12 13 14 ° 10 10 10° 10°
Ky m, [GeV]
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Events / GeV

(Data-Pred.) Data / Pred.
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arXiv:1712.07173

35.9 fo' (13 TeV)
_|||||||||||||||||||||||||||||||||||||||||||||||:
= CMS ~¢— Data . Z(vv)+jets (QCD)3

Pred. from W(lv)+jets (QCD) - Z(w)+jets (EW) |

b'0n|y flt . W(lv)+jets (EW) - Top quark

. Dibosons Other bkgs.

----- VBF H(125)—inv. = = ggH(125)—inv.

IIIIIII|IIIIIIIII|IIII|II

IIllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

[ <-Pre-fit 9 Post-it Uncertainty

|IIII|III
|IIII|III

-II|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII-

05 1 15 2 25 3 35 4 45 5
m; [TeV]

Results:

o Observed (Expected)
Upper Limits at 95% CL

B(h — invisible) : 0.19 (0.15750)


https://arxiv.org/abs/1712.07173

&) s

s Ssummary /

Search for H — Zp/Z¢ performed with full Run 2 data at CMS
H— Jhyy and H — J/yy,w(2S)y, Y(nS)y have been performed with 2016 data at CMS and ATLAS

Search for H — Zy performed with full Run 2 data at ATLAS and with 2016 data at CMS

Full Run 2 results from CMS are currently in the approval process

H — ee search performed with full Run 2 data at ATLAS along with search for LFV H — eu
Both CMS and ATLAS have performed LFV H — ur/er searches using the 2016 dataset

Full Run 2 results from CMS are currently in the approval process

Some full Run 2 H — invisible results are published with others soon to be published

Both CMS and ATLAS have performed the H — invisible search using the 2016 dataset and their

corresponding combination with Run 1 results have been presented

Available parameter space for new physics dramatically reduced after Run 2 of the LHC

18
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* Search for H — Zpl/Zg

In SM: B(H — Zp)=(1.4+0.08)x 10~ and B(H — Z¢) = (4.2 +0.25) x 107°

CMS

{

The direct process is negligible, but significantly enhanced light quark Yukawa couplings

would increase the prevalence of it

Meson candidate reconstructed using high-purity tracks; Not overlapping with the leptons;

Select the pair with highest p; - maximizes correct selection of meson candidates

Signal events generated with POWHEG, with
H— Zp/Z¢ modeled with PYTHIA — isotropic
modeling of decay even though polarization

does play a role

Calculate angular distributions in limit of
extreme polarization scenarios:
(longitudinally polarized, transversely
polarized) x (leptons same helicity, opposite

helicity)

20

3:10000

©

8000
6000
4000

2000

. CMS N

H . o _» e Long. polarised (lep hel same)
L Simulation Preliminary

..... Long. polarisad (kep hel opp)

Transvs polarised (lep hel same)

Transvs polarised (lep hel opp)

" | Longitudinally polarised
- | Leptons have same helicity

Longitudinally polarised

Leptons have opposite helicity

Transversely polarised

Leptons have same helicity
j e

Tram:?’sely polarised
Leptons have opp

cos(l,Z)
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© In SM, B(H— Zn)=14%x10" and B(H — ZJ/y)=22x107°

<

<

Selection:

o Regression MLP to estimate the mass of

to a classification MLP

Results:

Events /0.1

Data / Bkgd

4
a’;

© 95% CL Upper Limits on o(pp — H)B(H — Z(Q/a)):
© 110(100+3)pb and 100(100*30)pb for H — Zy, and H — ZJly

o 17 = 340(167% —

x10°

_I LI | LI | T 1T | LI | LI | T 1T | LI I_
1400 arLas e Data B
- Vs=13TeV, 139 b —Background .
12000 L o0 --H—>Za (0.5GeV)
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800[— —
600[— —
400 —
200 | =
1.4 =
1.2 IS
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0.8F
06 1111 | 111 1 | I | | L 111 | | | L 111 | [
0.5 4

MLP Mass Estimator

320%°)pb for the

Events / 0.01

Data / Bkgd

H — Za signal hypotheses
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T
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arXiv:2004.01678
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L C ! ! B(H—Za)=100% 7
- E R . ]
30000 ; L e ] .
:_ i e Data \ '_‘
20000 | —Background =
B : ---H—Za (0.5 GeV)
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¢ search for H — /n.12J1yl Za
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Search for H— Zn./ZJIylZa =

o MLP input variables are built using tracks matched by ghost-association to the

calorimeter jet and their angles from the jet axis, in order to benefit from the high

resolution of the tracking detector

These variables primarily capitalize on the presence of a narrow resonance, or two-

pronged substructure in the track system

An initial data-driven background estimate in the SR is calculated as D = BC/A, then MC
samples, reweighted to match data, are used to correct this estimate for the 13%

correlation between the my; and M variables

" x10°
8 1: T |||||\| T ||||||| T ||I|||| T T TTTTIT T IIy “GC-J'120—_ .Data ATLAS _— '8_ _||| ||| TTT II TTT TTTT TTTT TTTT TTTT TTTT TTT I_
[&] L K - | ]
S 0.9 ATLAS Simulation : / @& | oBackground Vs=13TeV, 139 6" - T | amas i
o E _ -1 4 100~ : : ] B ]
5 oo Vs=13 TeV, 139 fb A u i i , i . ; 1 Vs=13 TeV, 139 &
< UOF - H—Za (0.5 GeV) ] 80— e - @ 10° - -
© - 7 ! = = o -
5 F o H->Za (0.75 GeV) ] - P | 5 N XU F B(a—ss)=100% -
»07F ... H—Za (1 GeV) . 60 : | | = T [ Osu(H)x100% ]
- H—Za (1.5 GeV) PR ] C i | | ] S F —Observed 1
0.6F -- HoZa (2 GeV) ECRN Y N T S = = i
- H—Za (2.5 GeV) S / E - . I . I o - E | Expected |
05 - - H—Za (3 GeV) PO I oof. 8 . o = Wi
- —-H-Za(3.5GeV) ) ] C ; | | ] 8 102 26 —
0.4 HoZa(4Gev) |7 7 0 - . [e | o | o 1 > F ]
- —— Background Rl / ] b'9 4r ! ! ] o S S N A N A NS SN AN A NN
0.3 4 = 204 l » . S S X f -
F ‘/ ] T 9 PR A P S S Y S P . s L ]
C / ] 2 I S +'1 .......... Lot h A ! o
02oF o, = o -2F P | | . - -
C 7 o 4k MLP>0.052 | 0.034<MLP<0.052 | 0.026<MLP<0.034 |
- il ] T % 3 3 3 3 % 3 3 % 3 % 3 3 3 3
0.1— — o 6 6 6 0 6 0 6 6 ¢ 6 6 0 6 O O 10 = ~
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miss Search for H — J/yy, w(2S)y, Y(nS)y &

© In SM, B(H - Jlyy) =299x107%, BH — w(2S)y) =1.03x107%, BH — Y(S)y) = (5.22,1.42,091) x 10™° for

(n =1, 2, 3)
Generation Region

> F L S R 4 > F L B L E > 200 L S L =
O ATLAS 1 8 io0n ATLAS 4 g% ATLAS E
o o501 {s= 13 TeV, 36.1 fb" ; o - {s= 13 TeV, 36.1 fb” - o 180F {s= 13 TeV, 36.1 fb” =
I?) - Region : GR  wy(nS)y - o B Region : GR  Y(nS)y ] o - Region : GR  Y(nS)y ]
a - + Data . & 100 B category . N 160F EC category =
£ 200 g=== Background model — £ C ] 2 140 I =
o - ZFSR _ . o 80— ¢+ Data — o C ¢+ Data ]
AT r w2 Model uncertainty ] T N = Eall:cé(ground model ] 5 120 —_— Ealt:cé(ground model -
150~ — L | ] - 3
C ] 60— H wzzzzz Model uncertainty — 100? wzzzzz Model uncertainty B
100F - ok | E 3 E
50 e 201 it - - E
g i 3 lmmmmmmm 5
= ‘ = 1 =
= T i B B B B L T Ll . . . . ‘ L] L 3 Ll
% 50 100 150 200 250 300 ® 50 1 00 1 50 200 250 300 w 950 100 150 200 250 300
0 M.y [GeV] O My [GEV] ! My [GEV]
Signal Region
> F T T 11 B > e ILELA AL BLELELAL B LA LR B T > I LA I B L L >
o 160 = o 45 Data ) 22O: - )
) - A TLAS ; . ) == Background fit +1c A TLAS . ) 200 ATLAS . = O] = - Background fit +1c A TLAS
© 140 s=13 TeV, 36.1 fb’ 4 40 =7 FSR (s=13 TeV, 36.1 fb’ © = fs=13 TeV, 36.1 fb" E= =ZFSR s=13 TeV, 36.1 fb”
P n ] = ] . .
= - ' 7 =2 @ Combinatoric = 180 ) — = @ Combinatoric
S - H B category . @ 0 (nS) background B category g = EC category E @ 0Y(nS) background EC category
o 129 ¢ Data 4 5 EB(H- Ty)=10° 5 160E 4 Data 4 & CIB(H- ry)=10°
- s==Background fit+ic 4 @B(Z- Yy)=10 140 s== Background fit +i6 3 |3 @B(Z- Yy)=10
100 [ Combinatoric = = [ Combinatoric 3
80: Y (nS) background 120:_ [ Y(nS) background
- ==ZFSR ] 100E- ==ZFSR =
- [JB(H- 1y)=10° 3 F [IB(H- ry)=10° 3
60~ [IB(@Z- ry)=10° 80F [B(Z- Ty)=10° 3
40F = 60t E
n . 40 =
20F — - ]
C ] 20 =
5 . AN, _ e s =
D 15F y ++ HH : H | Iy “ + { D 15 :
S ot ] S oy £ e { &
‘Q“ 50 100 150 200 250 300 ‘D“ 8 8.5 9 95 10 105 11 115 12 (D“ 50 100 150 200 250 300 8 8 85 9 95 10 105 11 115 12
M,y [GEV] m,.,- [GeV] Moy [GEV] m, [GeV]

Categorize: “Barrel” if |nf2|<iL05 else “Endcap”
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XPERIMENT

Search for H — Zy

[EVE:

~ Background: Non-resonant production of a Z boson and a photon + production of Z bosons in

association with jets, with one jet misidentified as a photon

o Selection:

o Photon candidates within AR = 0.3 cone around the leptons are rejected to suppress FSR

o Resolution of invariant mass of Z — uu candidates is improved by 3% by correcting muon

momenta for collinear FSR AR <0.15, using all photons identified in EM calorimeter

o Constrained kinematic fit: Applied to dilepton invariant mass for all Z boson

candidates uses a line shape modeled by a Breit-Wigner distribution and a single

Gaussian to model lepton momentum response

Events

4500
4000
3500
3000
2500
2000
1500
1000

500

ATLAS
{s=13 TeV, 139 fb
N, >2, |Anjj| > 2

-0.8-0.6-0.4-0.2 O

LI | I IDla.‘ltaI T
| I Zy jj (VBS)
N Z+jets
. Zy
——— VBF

ggF

IIIII

IIIIIIIIIII LIl lIIIIIlIIllIlII[lIl

0.2 0.4
VBF BDT Score

0.6 0.8 1

o Categorization:
o VBF-enriched category: BDT score > 0.87
o High relative pr: pl/mg > 04
o Pr,=40GeV threshold used for other
categories,

—»Z]/ ~ n~ —/ —_—
><t|,t=(pT—p?r>/‘

Pri = | pr
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EXPERIMENT

© In SM: & (H- y*y) =(1.69%0.10)% and
B(H->Zy)=227%£014)% w.r.t. BH- yy)

o Selection H — Zy:
o M;>50GeV with My, + My, > 185GeV to

reject events with FSR from DY processes
o Ep>0.14m;,, rejects the Z+jets background
o Di-jet event selection: [, —1n,|> 3.5,

7727/ - (7]]1 + 7’]]2)/2 < 25 7 ]‘4]-11-2 > 500 GeV,

Apijn_z, > 24

o Selection H — y*y:
« M, <50GeV, Reject Jly: 29< M, <3.3GeV
and Y: 93 <M, <9.7GeV

© pyIM,,, >03, p*IM, >03 rejects the

y *+jet and y + jet backgrounds

o AR >1 to suppress DY background events
with FSR

25

Search for H — Zyly*y =

CMS

{

Category ete y uhru ey
Lepton tag Additional electron (pr > 7 GeV) or muon (pr > 5GeV)
Dijet tag At least 2 jets required At least 2 jets required
dijet selection dijet selection
Boosted pr(eey) > 60 GeV pr(pupy) > 60GeV
Photon 0 < |y| < 1.4442 Photon 0 < |y| < 1.4442
Both leptons 0 < |y| < 1.4442 Both leptons 0 < || < 2.1
Untagged 1 Ro > 0.94 and one lepton 0 < |57 < 0.9
Rg > 0.94
Photon 0 < || < 1.4442 Photon 0 < || < 1.4442
Both leptons 0 < || < 1.4442 Both leptons 0 < || < 2.1
Untagged 2 Rg < 0.94 and one lepton 0 < || < 0.9
Rg < 0.94
Photon 0 < |y| < 1.4442 Photon 0 < |y| < 1.4442
At least one lepton 1.4442 < || < 2.5 Both leptons in || > 0.9
Untagged 3 No requirement on Rg or one leptonin 2.1 < || < 2.4
No requirement on Rg
Photon 1.566 < || < 2.5 Photon 1.566 < || < 2.5
Untagged 4 Both leptons 0 < || < 2.5 Both leptons 0 < || < 2.4
No requirement on Rg No requirement on Rg
T —

EE—


https://arxiv.org/abs/1806.05996
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i Search for LFV H — ur/er=

Selection (e {Thad
exactly le and 1u, OS exactly 1€ and 11pagd-vis, OS
py > 45GeV pl > 27.3GeV
Baseline P > 15GeV P > 25 GeV, [nMadvis| < 2.4
30GeV < myi < 150 GeV Ycos Ag(i, EX'SS) > —0.35
i=C, Thad-vis
pi(track)/pf(cluster) < 1.2 (ut, only) |An (€, Thad-vis)| < 2

b-veto (for jets with pr > 25GeV and |n| < 2.4)

Baseline
> 2 jets, pit > 40 GeV, p2 > 30 GeV
1An Gy, jo) | > 3, m(y,jp) > 400 GeV
- p;“ad‘“s > 45 GeV

VBF

Baseline plus fail VBF categorization
mr (€, E%“SS) > 50GeV -
Non-VBF mr (€2, EX'™) < 40 GeV -
AG (L2, EFS9)| < 1.0 -
p}/pi‘ > 0.5 -

Top-quark CR inverted b-veto:
VBF and non-VBF > 1 b-tagged jet (pt > 25GeV and || < 2.4)
Z — 17t CR inverted pi‘ requirement:
VBF and non-VBF 35GeV < pi! < 45GeV
T ——— L
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Search for LFV H — utl/er

CMS

]

Variable H— yut, H— ute
Ojet  1jet 2jet Ojet 1jet 2 jet

ggH  VBF ggH  VBF
M;; [GeV] — — <550 >550 — — <550 >550
P [GeV] — >10
i [GeV] >26 >26
pr [GeV] >30 —
17| — <2.4
| <24 <24
™| <2.3 _
I, — <0.1
I <0.15 <0.15

M. fit selection
Py [GeV] — >30 9 — @ — =
Mr(p) [GeV] — >60 >40 >15 >15
Mr () [GeV] <105 <105 <105 <85 —
Ap(e, priss)  [radians] — <07 <07 <05 <03
Ad(e, u) [radians] — >25 >1.0 — —
T — ————
Variable H — et H — et,
Ojet 1jet 2 jet Ojet 1jet 2jet

ggH  VBF ggH  VBF
M;; [GeV] — — <500 >500 — — <b00 >500
Py [GeV] >26 >24
P [GeV] — >10
pe [GeV] >30 —
17| <21 <21
vid — <24
™| <23 _
I;;el <0.15 <0.1
Irel - <0.1

M. fit selection
Mr(t,) [GeV] <60 —
Mr(e) [GeV] — >60
A¢p(e, piss)  [radians] — <1.0
p; —0.85p25  [GeV] — > — 60
T —— ————————
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CMS

Search for H — invisible combination &

arXiv:1904.05105

o Overview of Run 2 searches:

© VBF topology: Ej*>180GeV, |An;|>4.8, Final

© V(had)H topology: E/* >250GeV and > ljet (R=1.0) 0.2

discriminant is # of events in 3 m. regions (1,

|
J] ATLAS

Vs=7TeV, 471"

Vs =8TeV, 20.3fb"

Vs =13 TeV, 36.1 fb
— Observed limit
s Expected limit 1o
...... Expected limit +2¢

All limits at 95% CL

1.5, 2, o) TeV

o
o

Z(lep)H topology: E?iss > 90GeV, E?iss/HT > 0.6,
Dilepton back-to-back to E;?iss; Final discriminant

. miss
is ET

Upper limit on BH—; iny
o
»

©
o

III|III|

miss : — .
or E;*”>150GeV and >2 jets (R=0.4); ONhadH  ZiepH  VBF  Combined Combined Combined

. Run 2 Run 2 Run 2 Run 2 Run1  Runi1+2
Categorize: 70 <m;m;/GeV <100 for VH and

100 < m;,m;/GeV <250 for ggH and VBF

Analysis V'S Int. luminosity Observed Expected pgnv-value Reference
Run 2 VBF 13 TeV 36.1 fh~! 0.37 0.2870 0%  0.19 [36]

Run 2 Z(lep)H | 13 TeV 36.1 th~! 0.67 0.397517  0.06 37]

Run 2 V(had)H | 13 TeV 36.1 b1 0.83 0.5810 %  0.12 38]

Run 2 Comb. 13 TeV 36.1 fb! 0.38 0.217955  0.03 this Letter
Run 1 Comb. 7,8 TeV 4.7, 20.3 fb~! 0.25 0277059 — [35]

Run 142 Comb. | 7,8,13 TeV  4.7,20.3,36.1 tb=1  0.26 0.17F00F  0.10 this Letter
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. There is complementarity between the direct searches for

<

p

E
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invisible Higgs decays and the indirect constraints from

M

EN

T

Search for VBF H — invisible <

the visible decays

Selection:

To enrich the contribution from multi—jet events with

a fake, in the one electron CR Sypr=

No lepton candidate,

E"S > 200GeV and H™* > 180 GeV

Soft track term of the E?i“< 20GeV

C;<0.6 and m* <0.05 for the additional jets, where

Centrality C; of extra jet is

(njl__,ﬂ2)2 2

Ci — eXp -

nor a photon

and invariant mass

| min { mjl’i, mjz’i }

of the extra jet m* =

n;

Events / 500 GeV

10*

CMS

ATLAS-CONF-2020-008

'ATLAS Prellmlnary Post-fit ~ —Das N\ Uncertainty

Vs =13 TeV, 139 fb B w strong W EWK -
- Z strong Z EWK E
B other Multijet
= H(B,, = 0.13) -

N = = Qe VY UMMM TS
o 11 E__—1+SignaI/Bkg ~ - 1+Multijet/Bkg o S T;
=R W\% R \\ \%\§
0'85_||||.||||.||||||||.- |||.|_:
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m; [GeV]
6000 ATLAS Preliminary Post-fit ~—Data N Unceraity
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g — H(B,, =0.13)
» 4000 J
c
2 3000
LLl
2000
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1.2 ;— Tt -IO-IDaIta/IBkIg I I\\LIJn::erITalnty — Pre-/Post-fit =
o 1, — 1+Signal/Bkg — - 1+Multjet/Bkg
5 1%&®é&&&&&w&&%g&&&&&&&&ﬁﬁﬁﬁ&ﬁ
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o To simulate the consequences of

not detecting the third lepton,

Miss rr

the “emulated p; is estimated

from the vectorial sum of p?“s

and the transverse momentum of
the additional lepton/s (in
three-lepton and four-lepton

control regions)

95% CL limit on 0ups/Otheo

-~

137 0" (13 TeV
——

> T E|
8 ¢ Data 3
< 1 03 X\ Bkg. unc. —
2 i wz 3
o 77 .
Lﬁ 1 02 [ Nonprompt E:
\AA .
10 vy =
1E E
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1070 E
= 15 =
%2 B
s
<DU 1 [oengute
200 400 600 800
Emulated P, [GeV]
10% ——— _ _ 137 fp‘l (;I.3ITeIV)
. CMS ---- Median expected ]
I —— Observed
1031 I 68% expected |
i 95% expected ]
102}

1071

101}

100}
f Scalar mediator, gg =1
| Dirac DM, my =1 GeV, g, =1

=

800 1000
Mmeq [GeV]

200 400 600

30

Search for ZH — invisible <

CMS

{

137 b (13 TeV)
—
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35.9fb™ (13 TeV)
|||||l|I|||||||||||l|||||||||||||||||||I|||I|||:
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; 10° Pred. from DW(Iv)ﬂ'ets (Qcp) . Z(vv)+jets (EW) ] \bw - CMS ] :IC-D)/ C , I,' ]
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Lq>lj 102 L . W(lv)+jets (EW) . Top quark ] $ o8 E_ —e— Observed _E : E E
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m; [TeV]
Observable Shape analysis ~ Cut-and-count analysis Target background
Leading (subleading) jet pr > 80(40) GeV, || < 4.7 All
pes >250 GeV QCD multijet, tt, y+ets, V+jets
A (pmiss, 51 >0.5rad QCD multijet, y+jets
Muons (electrons) Nje = 0 with pt > 10GeV, || < 2.4(2.5) W (lv)+ets
T candidates Ny, = 0 with ptr > 18GeV, || < 2.3 W (lv)+jets
Photons N, = 0 with pr > 15GeV, |y| < 2.5 Y+Hets, Voy
b quark jet Njet = 0 with pr > 20GeV, CSVv2 > 0.848 tt, single top quark
i1 M2 <0 Z(vv)+jets, W(Lv)+ets
| Ag;| <1.5rad Z(vv)+ets, W(lv)+jets
| Ang;i| >1 >4 Z(vv)+jets, W(Lv)+jets
;i >200 GeV >1.3TeV Z(vv)+ets, W(lv)+jets
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