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Current measurements allow Higgs to BSM branching ratio to be as large as O(30 — 50%) [1, 2]
+ 125 GeV Higgs has a narrow width: 'y, /m;, ~ O(107°) vs. T'z/mz ~ O(107%)

* Br(H = XpsuXBsm) x (I'sav)/(Tesa +Tsar)
2 Small BSM coupling could open up sizeable decay modes

 New particles could couple to the Higgs and provide a portal to a hidden dark sector or extended
Higgs sector

«  Addition of U(1) dark gauge symmetry to the SM introduces a new dark vector boson £

Higgs portal
Dark Higgs S 7
Higgs portal coupling K
(controls coupling between S and Z))

Z H K S

Hypercharge portal
Kinetic mixing parameter ¢ Z
(controls coupling between Z, & SM)

Curtin et al. [1312.4992, 1412.0018]


https://arxiv.org/pdf/1606.02266.pdf
https://cds.cern.ch/record/2668375
https://arxiv.org/abs/1312.4992
https://arxiv.org/abs/1412.0018
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Hypercharge portal 4

Kinetic mixing €
controls coupling strength
between
Z,and SM particles

Objective: Search for 125 GeV Higgs decays to four leptons (e, y) via one or two ,
intermediate U(1) dark sector particles Z,


https://arxiv.org/abs/1312.4992

) 8 TeV 20.3 b~ "analysis
ATLAS

— Look for four prompt leptons that form two
same-flavour (e, u) opposite-charge pairs 2
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e Two Channels: g — e ,LL ATLAS 8 TeV [1505 07645]

? % 7__ATLAS EFlnaI state 4e+4u+262p, I—:

H — ZgZg — 40 (15 GeV <mgz, <60 GeV) 0 6F g sy an ™ 50 oo bmem =

H— 774 — 40 (15 GeV < my, < 55 GeV) § st e

= = AL -

* H— Z;/Z; — 40 L 45_ { [0 2bb, Zvjets E

s |+ B ot

- with M4y compatible with
125 GeV Higgs

- with ™oy of both pairs incompatible with Z

Significance

* H—ZZ;— 4l .

- with one pair compatible with Z (labelled 112) H — Z;Z; — 4¢ my, distribution

(two entries per event corresponding to
two lepton pairs in final state)


https://arxiv.org/abs/1505.07645
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8 TeV 20.3 b~ analysis: Z Z, channel
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Entries / 5 GeV

Significance
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ATLAS 8 TeV [1505.07645]
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8 TeV 20.3 tb~" analysis: ZZ, channel
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ATLAS 8 TeV [1505.07645]
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@) 13 TeV 36.1 b~ ' analysis
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 Expands on 8 TeV analysis with the
addition of a low-mass channel and
pseudo-scalar benchmark model:

H— XX — 40 (15 GeV < mx < 60 GeV)
H — ZX — 4¢ (15 GeV < mx < 55 GeV)
H— XX —4p (1 GeV <mx < 15 GeV)

t=ce, X =240

Higgs decay to
pseudo-scalarsaa | -
(2HDM+S) Rl

-~
H &----«
~
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[ATLAS 13 TeV 1802.0338]
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* Highly constrained signal region dominated by Higgs and ZZ background
« Simulation-driven background estimates
* Eventat (my) =~ 20 GeV corresponds to a local (global) significance of 3.2 (1.9) o
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Distribution of average dilepton mass (mgs) = (mq12 + m34)/2 [1802.0338]
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@) 13 TeV 36.1 fb~* limit on kinetic mixing €

ATLAS University
l-U 1_I IAITILIAISII I | I I I 1 1 1 1 ] I 1 I I I I 1 1 1 | 1 1 I I I 1 I I I:I_
S B Hos 77 s 4] — Observed 7]
= n d ---E d .
£ 13 TeV, 36.1 fb” ] i);ﬂede -
CTJ - |:| + 20 =
o
Q_ | —]
-}
Q_I)
_1 L
° 10 =
Lo
o)} -
10—2|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|
15 20 25 30 35 40 45 50 55

m, [GeV]
Limit on kinetic mixing parameter €
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« Search for 125 GeV Higgs decays to BSM light bosons in four-lepton final states
- Threechannels: H — XX — 4/ (15 GeV < mx < 60 GeV)
H— ZX — 40 (15 GeV < mx < 55 GeV)

H— XX —4p (1 GeV <mx <15 GeV)

t=e,
X:Zd,a

- No statistically significant excesses in 8 TeV (20.1 fb~1) and 2015-6 13 TeV (36.1 b~ 1) results
« Working towards a result encompassing the full 2015-8 dataset (~140 fb~!)

 Two new channels:
- Four tau leptons in final state: H — aa — 471
- Scalar progenitor (S < 115 GeV and S > 130 GeV): S — Z,/7, — 44

« Data-driven fake background estimate
« Search for Z, of different mass: H — Z 12440 — 4¥

« Possibility of broader Z, width under consideration

11
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ATLAS detector

Hadronic
Calorimeter

J
/
Neutrino
o
e
v

Electromagnetic
Calorimeter

Solenoid magnet

Transition
i} Radiation
Tracking Tracker

Pixel/SCT detector

[ATLAS]
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The dashed tracks
are invisible to
the detector

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker

[ATLAS]

Look for a light resonance in a channel similar to the “golden” channel of the Higgs (H —» ZZ* - 4))

13
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@) High-mass analysis selection

ATLAS Uripersey
Lepton quadruplet formation and selection [1802.0338]
* Each lepton must be responsible for firing at least one trigger P_L>' pair(1,2)
* In each event, form quadruplets consisting of two §+ Y% i quadruplet
same-flavour opposite sign lepton pairs: “1, 2” & “3, 4” _3 pair(3,4) C1lal30y
* Three leading-pT leptons must have pT > 20, 15, and 10 GeV ¢ U3l

« AR(], I) > 0.10 (0.20) for all pairings of same-flavour (different-flavour) leptons; AR = v/A(n)? + A(¢)?

B

Quadruplet ranking

+ Select quadruplet with smallest difference in mass between lepton pairs: Amge = |mi2 — Mm3g

s 2

Event selection

* Higgs window: 115 GeV < mys < 130 GeV
« Compatibility of lepton pair masses: ms4/mi2 > 0.85
* Zveto on lepton pairs: 10 GeV < mjz34 < 64 GeV
» Additional Z veto on alternative pairings (only for 4e and 4 : quadruplets): 5 GeV < mj4 32 < 75 GeV
* Quarkonia veto: reject event if
(mJ/\I, —0.25 GeV) < M12,34,14,32 < (m\y(gs) + 0.30 GGV) || (m*r(ls) —0.70 GGV) < M12,34,14,32 < (m'r(gg) + 0.75 GGV)



https://arxiv.org/abs/1802.03388

@ Comparison of high-mass, low-mass, and ZX selections
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H-o>Z7ZX - 4 H - XX - 4¢ H - XX - 4u [1802.0338]
(15 GeV < my < 55 GeV) (15 GeV < my < 60 GeV) (1 GeV <my <15 GeV)
QuapruprLET - Require at least one quadruplet of leptons consisting of two pairs of same-flavour opposite-sign leptons
SELECTION | - Three leading-pt leptons satisfying pt > 20 GeV, 15 GeV, 10 GeV
- At least three muons are required to be reconstructed by combining ID and MS tracks in the 4u channel
- Select best quadruplet (per Leptons in the quadruplet are responsible for firing at least one trigger.
channel) to be the one with the In the case of multi-lepton triggers, all leptons of the trigger must
(sub)leading dilepton mass match to leptons in the quadruplet
(second) closest to the Z mass
- 50 GeV < myy < 106 GeV
- 12 GeV < m3q < 115 GeV
-myp 34,1432 > 5 GeV
AR(¢,£") > 0.10 (0.20) for same-flavour (different-flavour) leptons in -
the quadruplet
QuapruprLET  Select first surviving quadruplet Select quadruplet with smallest Amgg = |mj2 — m34|
RANKING from channels, in the order: 4pu,
2e2u, 2u2e, de
EVENT 115 GeV < mye < 130 GeV | 120 GeV < myp < 130 GeV
SELECTION m3q/myn > 0.85
Reject event if:
(mJ/\P —-0.25GeV) < mi2.34,14,32 < (mxp(zs) + 0.30 GeV), or
(mys) — 0.70 GeV) < my 34 14,32 < (my@3s) +0.75 GeV)
10 GeV < min 34 < 64 GeV 0.88 GeV < min 34 < 20 GeV
4e and 4u channels: No restriction on alternative 15

5GeV <myg32 <75 GeV pairing
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All background predictions from simulation
Dominant backgrounds are H — ZZ* and non-resonant ZZ*:
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Plots from 2015-6 ATLAS result

Events /2.5 GeV

S I Data ‘

[ Reducible bkg
C C3VVV/VBS

— EZZ-4

4 m, =35 GeV

OllllTlllTll[lTlIllI]llT

T

$§%Totlal Bacllgro
W Z+(tIIWIY )
B H-ZZ*-4l
-~ my=15 GeV

--m, =55 GeV

&
<
a

Events /2.5 GeV

T
und

50
45
40
35
30

25

— ] > BT T T T T
ATLAS_| ] [ ¢+ Data 2 Total Background
13TeV, 36.1 fo" ] © [ [CJReducblebkg mmZ+tI/W/Y)
Ho XX o0 4] N . [ E3vwies o224
No m,,/m., cut ] ~ 20— EmZz-4 i my=15 GeV
w2 T L [ #imy=35GeV i my=55GeV
Fails Z Veto [ L
(m, , or mg, > 75 GeVJ ] o B
i 15—
z o
] I T B T B
55 60 65 qO 15 20 25 30 35
[in,0[GeV]
(b) VR2
— T — T T T T T
E ¢+ Data 238 Total Background ATLAS 7
— [JReducible bkg [ Z+(tVJ/W/Y) 13 TeV, 36.1 ™3
E IVVWAVBS - 2274l 3
— Bz 4 ~-my =15 GeV N X =
F -4 my=35GeV -4 m,=55GeV sz T
— Outside m,, Window—]
0 55 60 65
[inO[GeV]

(c) VR3

T

—
ATLAS |
13 TeV, 36.1 fb ™' |
H- XX - 4]
No m,,/m_, cut

my, + 64 GeV

1

11

Illlllllllll

L1l

50 55 60 65
[in,JIGeV]

University
of Victoria

[1802.0338]

17


https://arxiv.org/abs/1802.03388

@) Plots from 2015-6 ATLAS result
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Figure 4: Distribution of (a) (ms;) = %(mlz +m34) and (b) m34 vs m2, for events selectedinthe H — XX — 4£(15 <
myx < 60 GeV) analysis. The example signal distributions in (a) correspond to the expected yield normalized with
opp - H > Z;Z; — 40) = I—IOO'SM(pp — H — ZZ* — 4{). The crossed-through points in (b) fail the Z
Veto. The events outside the (shaded green) signal region in figure (b) are events that fail the mzq/mi2 > 0.85
requirement. The diagonal dashed line marks where m, = m34, and in this range of dilepton masses all events will
have msq < m2.
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ATLAS 8 TeV result
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