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Introduction

o H— Zv:
o Search for high-mass resonance X — Z~
o Higgs decay to a Z boson and a photon

o H-— ¢yand Z — ¢y
o H/Z — J/W~and H/Z — T(nS)~
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H/X — Z~

o Search for H — Z~ — (l~ ({ = e, ;1) decays in mass range my = 120-150 GeV with
the 20.3 (4.5) fb~! at /s = 8(7) TeV from 2012 (2011) data.
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@ Search for high-mass scalar spin-0 X — Z~:
o using both leptonic and hadronic final state Z — ¢(¢ = e, u) (BR =6.7%) and 7 — qg
(BR = 70%) in boosted regime with th 3.2 fb=! at /s = 13 TeV from 2015 data
o update of the analysis X — Z(— (/) with the 13.3 fb~1 at 1/s = 13 TeV from
2015-2016 data.
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High mass X — Z~: Event Selection and Signal Model

ATLAS-CONF-2016-044

@ Search for scalar spin-0 X — Z~v decays with

) FroT AR AL AR

13.3 fb~ " of data collected at /s = 13 TeV S o6lagxom o
in 2015 and 2016 ® 05 fe=13Tev 1
[ E

o Event selection: @ o4 E

o single and di-lepton triggers
e two isolated, opposite-sign leptons

o
w

(p% > 19 GeV, pi > 24,10 GeV) with 0.2t E
Mgp ~ mz 01 E
o one isolated photon, pJ/my, > 0.3 F ‘ ‘ ‘ %
(exploit spin-0 isotropic decay in X % 500 1000 1500 2000 2500
center-of-mass reference frame) m, [GeV]
o mye., > 200 GeV
- L B e B B
o Signal efficiency: 20-45%, parametrised as a 3008 b e premnerz ee
function of the mass using MC samples £ fiveiodd E
generated at fixed masses (200<my <2500 4
GeV) z

o Signal model:
o Double-sided Crystal-Ball function
(Gaussian with power-law tails)
o Parameters described by polynomial E o
functions of mass (simultaneous fit) 750 800 850
o Resolution 1-0.6% (eevy), 1-1.4% (upy) m,, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-044/

High mass X — Z~: Background

ATLAS-CONF-2016-044
o Main contribution from Z-++ and Z+jet events.

o Bkg composition studied with 2 data-driven methods based on identification and
isolation of photon candidate — Z++ fraction ~90% (not used in the final fit)
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o Background model:
o minimum number of free parameters
o fit well a bkg-only control sample: small bias on signal, quantified as “spurious signal” in
signal+bkg fit to high-statistics (Z+~)+(Z+jet) bkg control sample

o fit well the data (no significant improvement of fit quality when adding more degrees of
freedom)
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High mass X — Z~: Result
ATLAS-CONF-2016-044

@ No significant excess in 250<mx <2400 GeV
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High mass X — Zv: Result 2015 only ATLAS-EXOT-2016-02

o Search also for Z hadronic final state with 3.2 fb ' at /s = 13 TeV

o Complementary to leptonic analysis: worse purity, but BR(Z — qq) ~ 10 x BR(Z — ¢¢)
leads to sensitivity at high mass where there are no events in leptonic analysis

o myx > 700 GeV: majority of events lead to overlapping quark-jets

PT>250 GeV, |n7| < 2.37 (excl. 1.32-1.57) p3 > 200 GeV, || < 2, my, > 640 GeV

mass resolution ~ 3-1.7%, signal efficiency 10-15% for mx = 700-2750 GeV
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o Combination in overlapping range can improve single results by up to ~ 40%

@ At same lumi, highest masses probed by hadronic analysis only.
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Runl H— Zy
Phys.Lett. B732 (2014) 8-27

o Search for H — Z~ decays with the 20.3 (4.5) fb ' at /s = 8(7) TeV from 2012
(2011) data
o two isolated, opposite-sign leptons (p4 > 10 GeV) and one isolated photon (pT > 15

GeV)
3 ' ] 20
S sooft ATLAS 3 S ijl.«stb‘,E‘ﬂTev‘ — Observed
£ E ] 3T: o5 P Expected
[ 500 —e— Data 4 = de|=2o.alh ,\s=8TeV 1o
w E o Mg, H-2y (m, =125 GeV, 6,x50) J ,Ef +20
4001 E '}7 ATLAS
C | T
300 E =
£ ] 5
200F R £
F JLot=45m" =7 Tev £
100 I ’ 4 ¢
E Ldt=20.3 fb", V=8 TeV | B3
O: o ey | | | Bl 3 0
120 130 140 150 160 170 120 125 130 135 140 145 150
my, [GeV] my, [GeV]
o No significant excess with respect to the background is observed
o Maximum significance at 142 GeV: 1.60
@ Observed (expected) upper limits vary between 3.5xSM (5.2xSM) and 18.5xSM
(15.5xSM)
o At my = 125.5 GeV:

e observed (expected) significance 0.60 (0.20)
e upper limit is 11xSM (9xSM)

Stefano Manzoni (INFN-MI, LPNHE-Paris) Rare Higgs decays 11th November 2016 8 /18


http://dx.doi.org/10.1016/j.physletb.2014.03.015

H/Z — ¢y

Phys. Rev. Lett. 117, 111802

v v

o First search for H — ¢ decays with the 2.7 fb * at /s = 13 TeV from 2015 data

o Sensitivity to strange-quark Yukawa coupling - almost entirely unconstrained
o access to potential deviations from the SM expectation

@ Search for the unobserved 7 — ¢ decay
o test of the SM and the QCD factorisation approach

o Expected SM values:
o BR(H— ¢v)=(23+0.1)x107°"
o BR(Z — ¢y) = (1.17+0.08) x 10-8 ¥
@ Reconstruct only & — K™K~ decays, BR(¢ — KTK™) = 49%
o Exploit the distinctive topology of a pair of high-pr isolated tracks, with a very small

opening angle (AR < 0.05), recoiling against a hard isolated photon

 JHEP 1508 (2015) 012 (arXiv:1505.03870) % Phys. Rev. D 92, 014007 (2015) (arXiv:1411.5924)
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https://arxiv.org/pdf/1411.5924v3.pdf

H/Z — ¢~: Event Selection and Signal Model

Phys. Rev. Lett. 117, 111802

T T T
ATLAS 4 Data
Vs=13TeV, 2.7 fo" — Fit Result
0= KK
=8 Combinatoric Background

}

o Selection Requirements:

o Tight isolated photon with p7>35 GeV

o Two high-pr (>20 GeV, >15 GeV) opposite
sign, isolated tracks

o |miKk — mgy| < 20 MeV

Apkk,, > 0.5

° p’7<_K > 40 — 45 GeV based on mkk~

o A x € of ~18% for H and ~8% for the Z signals

Candidates / 0.002 GeV
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@ Double Gaussian for Higgs and a Breit-Wigner Q) Gaussian for the Z
@ Resolution of 2.1 GeV for Higgs boson and 1.6 GeV/ for Z boson signals
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H/Z — ¢~y: Background

Phys. Rev. Lett. 117, 111802

@ Main bkg. from random tracks and gamma combinations in multi-jet and gamma-+jet
o Background modeled with non-parametric data-driven approach
o Events from a loose selection are used to build templates for the kinematic distributions
of the ¢ candidate and photon
o Distributions are then sampled (retaining correlations with p7.) and used to build
pseudo-candidates
o Large samples of pseudo-candidates are used to build background model templates

o Model validated in control regions with looser selection.
@ Model shape uncertainty estimated from modifications to modeling procedure (e.g.
shifting pX and neglecting the weakest correlation included in the model)

———
350 ATLAS ¢ Datais= 13Tev,2.71b"
== Background Model

%22 Model Shape Uncertainty

QO T T T T T T
¢ Datas= 13Tev,2.7 "

E=== Background Model
%22 Model Shape Uncertainty
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H/Z — ¢v: Result

3 .. F T ]
O 120~ ATLAS ]
g r Vs=13 TeV, 2.7 fb”' ]
@ Unbinned maximum likelihood fit on © 100~ { t Daa -
o] L [ Background Fit ]
Mg+~ ¥ g0l [ BHoey)=10° B
o Branching fraction limits at 95% CL: r B ae-o® ]
Exp. Obs. 60; B
BR(H — ¢7)[1079] 1.5t§3§ 1.4 sl B
BR(Z — ¢)[107%] | 44739 | 83 i ]
20— —
o Expected SM values: r ]
o BR(H = ¢v) = (2.340.1) x 10~° = oE L
— —8 =
o BR(Z — ¢y) = (1.17 £ 0.08) x 10 2 ; E W+*~“‘~~**m**+~ﬁ+ b +M ]
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— First limits on these rare exclusive processes (~600/700 times the expected SM
branching fraction)
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H/Z — J/W~ and H/Z — T~

Phys. Rev. Lett. 114, 121801

o Perform first search for H — J/W~ and H — T(nS)~ decays with the full 2012
dataset at /s = 8 TeV
o Could provide a probe of the magnitude and sign of the H — ¢ and H — bb couplings
o access to potential deviations from the SM expectation
e Search for 7 — J/W~ and Z — T+

o Can be used as a “standard candle” for the Higgs decay search
o Available experimental limits only on the inclusive Z — QX (measured by LEP):

e BR(Z — J/¥X)=(3.54+0.25) x 103
o BR(Z — T(nS)X) < 4.4,13.9,9.4 x 10°
SM prediction:
o BR(H— J/Wy)=284+02x10"6"
o BR(H — T(1S)y) = 6.17F;* x 10-10
o BR(Z — J/Wy)=9.96+1.86 x 1078 %
o BR(Z — T(1S)y) =4.93+0.51 x 1078 ¢
Restrict the search to use © — ;"1 decays, where Q = J/W, T(nS)
o BR(J/W — ptp~) =5.93 4 0.06%
o BR(T(1S) — putp~) =2.4840.06%

t Phys. Rev. D 90, 113010 (2014) (arXiv:1407.6695)  Phys. Rev. D 92, 014007 (2015) (arXiv:1411.5924)
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://arxiv.org/abs/1407.6695
https://arxiv.org/pdf/1411.5924v3.pdf

H/Z — J/V~ and H/Z — T(nS)~y: Event Selection and Slgnal Model

Lett. 114,

e J/W~: single muon trigger (AR, ~ 0.1)

@ T+: single and double muon trigger
(AR, ~ 0.35)
@ Muon:
o Two high-pr (>20 GeV, 3 GeV), opposite sign,
isolated muons
o pit > 36 GeV
o Transverse decay length significance
Ley/0xy < 3.0
o J/Wy: [myuyu — my y| < 0.15(0.20) GeV in the
barrel (endcap)
o Tv: 8.0 < my, <12.0 GeV

o Photon: tight isolated photons with pJ > 36 GeV

o A(pp,vy) > 0.5

o J/W~: total A x e of ~22% for H and ~12% for
the Z signals

o Tr: total A x € of ~28% for H and ~15% for
the Z signals

o The my,, resolution varies between 1.2% and
1.8%.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-03/

H/Z — J/V~y and H/Z — T(nS)~: Bac

@ Inclusive QCD backgrounds:

o Typically processes such as pp — QgX where the jet is identified as a photon

Phys. Rev. Lett. 114, 12

o 7y+jets and bb production with b — J/WX

o Modelled together with a non-parametric data-driven method (as H — ¢)
@ Exclusive Z — i~ background:

o Z — pTp~ — pTp~ vy decays with a catastrophic FSR can lead to my,, in T(nS) mass

region — peaking bkg

o Modelled with analytical template fitted to MC + data normalisation

> 300 T T T > T ABARIRSRAR
K] t pata ATLAS & 180F t paa ATLAS
—Ft
8250 R ﬁ:sTevILdn:znam', S 160F E:ETEVJLHI:ZDMb'
o ; Loose sol. Softp, ~ Loose Isol. Softp,
3 B combinatoric Bkgd. ) o) @ 140} Y(nS) y channel
£200 Bz Inclusive Category ] S 120 Inclusive Category
2 ]
i)

[0}
60 80 100 120 140
m,.., [GeV] m,., [GeV]

100|
80|
60|
40|
20|

0
160 180 8.0 85 9.0 9.5 10.010.511.011.512.0

@ In the J/W~ channel 56% of the events originated from prompt J/W production , 3%
from J/W non prompt production, 41% from combinatoric bkg.

o In the T(nS)~y channel non-resonant background account for 66% of the event,

Z — utp~y 27%, inclusive T(nS) 7%.
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.121801

H/Z — J/V~y and H/Z — T: Result

Phys. Rev. Lett. 114, 121801

@ Unbinned maximum likelihood fit: [ 95% CL, Upper Limits

o J/Wy: 2D fit my,y piY [ J/¢ 1 TAS) [ TES) [ IES) [E"TnS)
. - oy B(Z = Q7)[107°]
o Tv: 3D fit muuy P77 mup -
L. Expected | 205858 | 4.9%35 | 6232 | 54437 8.8751
@ Upper limit on BR(H — J/W7) Observed | 2.6 3.4 6.5 5.4 7.9
corresponds to ~ 540 the expected B(H — Qv)[10-?]
SM one Expected | 1.2739 | 1.8739 | 2.a1%8L | 18792 | 2573
o Approaching to SM sensitivity for Z _Obscrved 1'50@ %1;’) . B(Hlf o [fbﬁﬁ 20
decays e Expected | 26712 | 38719 | 45t | 38tl9 542
(BR(Z = J/W¥v) ~ 0.1 x 107°) Observed | 33 20 41 28 44
% T T T T T T T T T T % T T T T %)
S g ATLAS 4 O ATLAS 1 O 3y ATLAS
A 7 Vs=8TeV [Ldt=2031b" 3 Vs=8 TeV [Ldt=20.31b" 4 20 Vs=8TeV [Ldt=20.31b"
2 Dai E 2 Daia ps Daia
B o = B P = S S
i1} == T(nS) i) == Y(nS) € 2 Y(nS)
== Z FSR === ZFSR [} == ZFSR
50 CH[B=107] - COH[B=107) ] > O H[B=107)
2810 30} 926107 w 9 2[B-107
40| E
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.121801

H/Z — J/V~y and H/Z — T~: Result

Phys. Rev. Lett. 114, 121801

ATLAS Vs=8TeV

H/Z - Qy
o  Observed
gE= Expected (+1,20)

95% CL upper limit on Branching Fraction

20.3fb !
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05k 203 2031b
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Conclusion

o Search for H —» 7+ performed using 20.3 fb™* + 4.5 fb~* at /s = 8 and 7 TeV for
my=120-150 GeV
o No significant excess
o Observed upper limits on o(H — Zv)/osp(H — Z~) vary between 3.5xSM and
18.5xSM
o At my = 125.5 GeV:
o observed (expected) significance 0.60 (0.20)
o upper limit is 11xSM (9xSM)
o Search for X — 7~ performed using 13.3 fb™ ! at /s = 13 TeV for mx=250-2400
GeV
o No significant excess
o Upper limits set on o(pp — X) x BR(X~) between 5-215 fb assuming spin-0 resonance
produced in gluon fusion
o Search for H — ¢y and 7 — ¢ performed using 2.7 fb~! at /s = 13 TeV
o First limit set on these exclusive processes
o BR(H — ¢7v) < 4 x 1073 (SM: 2.3 x 1079)
o BR(Z — ¢y) < 8.3 x107° (SM: 1.2 x 1078)
@ Search for H — J/W~ (T(nS)v) and Z — J/W~ (T(nS)~) performed using
20.3 fb~t at /s =8 TeV
First limit set on these exclusive processes
BR(H — J/Wvy) < 1.5 x 103 (SM: 2.8 x 1079)
BR(H — T(1S)y) < 1.3 x 10~3 (SM: 8.39 x 10710)
BR(Z — J/Wy) < 2.6 x 107° (SM: 9.96 x 1078)
BR(Z — T(1S)v) < 3.4 x 107° (SM: 4.93 x 10~8)

© © 06 0 o
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H/h — aa — 4~

o Search for new phenomena in events with at least three

=
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photons with 20.3 fb™! at /s = 8 TeV ?\N/\i
. . . . g . ,
o Extension of the Higgs sector include CP-odd particles (a) & K
with coupling to the Higgs (h) or additional higher mass VYT
scalar (H) particle g ¢ % 7
o Three tight isolated v with pT>22, 22, 17 GeV 8!
o T e T lgTrrrre T e
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o (0/osm) x BR(h — aa) x BR(a — v7)*<3-4x10~* for 10<m,<62 GeV
0 0 x BR(H — aa) x BR(a — vv7)?<0.02-0.001 pb for my up to 900 GeV
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http://link.springer.com/article/10.1140/epjc/s10052-016-4034-8

HL-LHC projection: H — Z~

ATL-PHYS-PUB-2014-006
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@ Same analysis structure as in Run 1
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HL-LHC projection: H/Z — J/W~

ATL-PHYS-PUB-2015-043

o Projection of the results to HL-LHC: /s = 14 TeV, 300 fb~* and 3000 fb~! (with the
overall assumption that the upgraded detector will exhibit the same performance as
during LHC Run 1)

@ Same event selection except for p4" raised to >40 GeV

o Also a multivariate analysis is introduce to enhance the sensitivity(BDT, with pJ and
p" as input)

o Background evaluated scaling the observed yields in the /s = 8 TeV data by
14TeV /O,STeV

TJ/ux/0 /w4 x
Expected branching ratio limit at 95% CL
B(H — J/¢v)[107°] B(Z — J/yv)[1077]
Cut Based Multivariate Analysis Cut Based
300 bt 185+5) 153453 70527
30001 | 55%21 44419 44119
Standard Model expectation
B(H — J/¢v)[107°] B(Z — J/yv)[1077]
29+ 02 0.80 £ 0.05

o Limits on BR(H — J/WX) and BR(Z — J/W) 15 and 4 times the SM values,

Stefano Manzoni (INFN-MI, LPNHE-Paris) Rare Higgs decays 11th November 2016 22 /18


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-043/

	Appendix

