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At LHC: Mono-X versus Di-X Signature HETKA

Initial state radiation: Production via mediator:

P X p SM
M X
M SM

g
p SM X p X
~ o (pp — xXX) X &° ~a (pp — MM) x BR(M — SMx)?
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A Novel Signature: Di-Higgs + Missing Energy HE?KA
Dedicated searches so far: p

a Di-jet + MET
a Top-quark pairs + MET
a Di-lepton + MET

a...
P
= What about the Higgs?
Our goals:
= Di-Higgs + MET for gravitino @ Explore viable models and their
DM studied by CMS/ATLAS phenomenology

a Establish simplified models for
LHC searches

® Z model with bby~ in final m Discover dark matter at LHC
state
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Dirac Doublet-Singlet Model HETKA

Simplified model which produces the desired signature
e.g. )

Lm D —mpXpxp — MsXsxs — (YXoxsH + h.c.)
EWSB — physical particles x» and x; (DM candidate)

Xh =c0st xs+sinf xp, X/ = —sinf xs+cosf xp

with masses

1
mp = 5 (mD + mg £ Am)

with
1 mp —m
. 2 D S 2 2 2
sin“f=—-(14+——=, Am)* = (mp—m 2(yv
' 2( + A > (Am)* = (mp — ms)~+2(yv)
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Relevant Interactions of \, and Y, HEIKA

Heldelberg Karlsruhe

Coupling to the Higgs:

LD —% [sin(29) ()_(hXh — )Z/X/) + cos(20) (XhX/ + X/Xh):| h
Coupling to the Z:

£o>--9 [cos2 0 X" xs + sin? 0 XuyH xn
2cw

1 . — -
+ 5 sin(26) (xm*xi + X/W”'Xh)} 2

Interactions relevant for production of mediator, decay to DM and direct
detection cross section.
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Avoiding Direct Detection Bounds HETKA

DM state y; has contribution from neutral component of doublet xp
through mixing
— inherits coupling both to Higgs and Z (dangerous!)

X N

g9 2=
~ ——1cos” 0 xv'xi| Z
2CW XY X 4u

X N

Coupling is proportional to mixing angle 6 — need to suppress y

C:> Benchmark choice for further analysis: y = 1073 )
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Signatures at the LHC

p

p

a ; only appearing as Missing Energy
= Higgs primarily decays to bb — choose as signal benchmark

C:> Signal at parton level: 4 b-quarks plus MET)
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Relevant Backgrounds HE?KA

Several SM processes can produce identical/similar signature (with
Neutrinos resulting in Missing Energy):

Reducible Backgrounds Irreducible Backgrounds
mft a Zbbbb
w Wi w (Z27)
= Wbbjj w (ZZh)
a Wbbbb a (Zhh)
® Zjjj w (hhh)
a Zbbjj
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Gaining Discrimination Power HETKA

Huge number of background events expected

Reducing the background vs. the signal by applying the following selection
criteria:

a Lepton rejection (no isolated electrons/muons with p; > 7 GeV
within —2.4 < 7 < 2.4)

® Minimum Missing Transverse Energy (MET)
a B-Tagging

a Jet-substructure Analysis

= Optimizing significance and potential for discovery at LHC
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Missing Transverse Energy Trigger HEIKA
Background dlstrlbutlon
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Missing energy

C:> Favours a scenario with sizeable mass-splitting between x, and X,)
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Substructure Analysis HEIKA

Heldelberg Karlsruhe

Mass-splitting between y, and x; to get large £t
— Boosted Higgs

Cluster bb in fatjet, use BDRS jet-substructure analysis to identify Higgs
[Butterworth, Davison, Rubin, Salam ’'08]

= Use our own implementation of BDRS, includ-
ing detector simulation with Delphes (R = 1.2)
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B-Tagging of the Subjets

a We have two Higgs — two fatjets with two b-quarks in each
a Discrimination power vs. signal event reduction

my, = 500GeV, m,,=70GeV, y =103

1012

1010 4

Events
3
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Optimizing the Discrimination Procedure

my, = 500GeV, m,,=70GeV, y =103

10!
VS =14TeV, 3000fb~!
Il More than 100 signal events
Bl Less than 100 signal events
S 10°
VB
10—1 4
1072 T T T T T T T
No Lep. MET MET 2-1 2-1 2-2
Cuts Rej. 70 250 btag btag btag
GeV GeV HMW HMW
Cuts

Cé To do: perform a multivariate analysis )
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Conclusion and Outlook

a Di-Higgs plus Missing Energy is an interesting
new signature

UNDER
u Discovery potential at High Luminosity LHC o Esiape,

m Substructure analysis as powerful tool for
Higgs identification
— essential for background discrimination

a Next: Multivariate analysis as final step

a Study other event topologies in different
simplified models
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