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Dark Matter search at Collider

Collider signal of DM: Visible + ET (Mono-X) ~8lq+ K :1002.4137, 1108.1196, 1408.3583, 1502.01518...
t/b+ E; :1303.6638, 1410.4031, 1503.00691 ......

DM interact with SM particles via EFT operator: < y + I, - 1109.4398, 1410.8812, 1411.1559 ......
) WIZ + E; :1309.4017, 1408.2745, 1404.005......
! bM h+E 1312.2592, 1402.7074
N : : , J074 ......

A large M makes %Mz !

the DM-SM P

coupling weak
q DM

_ Z'+ £ : 1504.01386
When the NP particles are produced on-shell
decay to SM particles W'+ E; : This Work: W' — 1b

Standard W’ search ;

W’ : similar interaction with the SM W boson:
Resonant production
Stringent Limits
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Resonant production of W’ with a dark Higgs boson
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W'+ DM The channel we are using: my, = focus on 250 ~ 1750 GeV

q hp
"’ A dark Higgs is emitted from W'
£, > 200 GeV

In additional to the DM search, this
channel opens up the possibility to
push W’ searches to lower masses
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UV models with W’ commonly have a dark Higgs boson

. W’ comes from a new gauge symmetry that is broken
before EWSB.

- There is new scalar responsible for the breaking:

(nearly) model-independent

. The scalar gives W’ mass, and couples to W'
12
X gnEWW (hD + V¢)2

Relavent Parameters
. masses: th, My,

. W-t-b: new gauge coupling strength g, ,
. W-W'-hp: new gauge coupling strength and W' mass (my, & v,)
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Benchmark Model: Left-Right Symmetric Model (LRSM)

£ =& (apytdr)W't + hec.,

V2

Kinetic terms of fermions

QL’i: (32).:(2’1’%)’ QR,i: (Td”;).:(:l’za%),

Lwihp = gavrhp(W))TW'#

_(0R/V2  0ET .

= 73 (on 0)+ (i )

Kinetic terms of scalars

fog > e/cy(0.35)
My N 8RVR/ \/5
my, Potential parameters

SU(Z)L X SU(Z)R X U(l)B_L

SU(Q)L XU(l)Y
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W’ Candidate Reconstruction

& EL. m, =250, t+b =
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b-tag ................................ b-tag @
3 E e L
10°E E
10—4__ | | | | | | | | | W+b+b
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Wmassfee) L o )
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tt 6.74 x 10° 1.42 x 103 2.89 x 10° )
Z +bb, Z — vv 2.47 x 10° 1.42 x 10™* 10560 0 v AP +D
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Production cross section

The W’ can be on-shell before or after emitting a dark Higgs, and this two channel have
comparable contribution

- 2-body: pp - Why, then W' — tb

2
X ( gRgW,W/h) X constant

N 3-body: pp - W' then W' — tbh

2 2
X &R X Swwh

We always have contribution from both channel. g;

Which cross section is larger? Only depends on the mass of W’ and /;,
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Results and Discussion

13 TeV LHC, 300 fb!

R

m -
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§' i — m, ;=100 GeV

(@]

O — m, =250 GeV

) ' —2-body
Current LHC data is sensitiveto W + h S S S --3-body
D : .

production in the range of 20 fb to 30 pb.
The corresponding limit on g, can be as
low as 0.6
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. We studied the p, > with hadronically-decaying W', which:
|« Describes a new search mode of DM

|« Expand the W’ boson searches to small mass region

——— e g e — e
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FIG. 3: Top (bottom): Distribution of the reconstructed
W' boson candidate mass in simulated events with mj;, =
1000 (1500) GeV, for each of the three reconstruction
strategies (see Fig ]2), where the selected objects are
angled-matched (AR < 0.4) and -unmatched (AR > 0.4)
to the correct parton-level objects

2023 LHC DM WG Autumn Meeting Kun Cheng



Backup: backgrounds
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FIG. 5: Top: Distribution of the missing transverse
momentum (p2iss) for the expected background and se-
lected signals normalized to an integrated luminosity of
300 fb~! after all requirements other than p&'ss > 200
GeV are met. Bottom: Distribution of the reconstructed
W’ boson 2-body candidate mass for the expected back-
ground and selected signals normalized to an integrated
luminosity of 300 fb~! after the full selection.

2023 LHC DM WG Autumn Meeting

Kun Cheng

10



c 10’ E I [ i | 3
O E [ ] z+jets E
1k . —
8 E [ wijets 3
- N LLLLT m,,=500, mh =10 GeV 7]
— sl m,,,=800, m °=100 GeV
LICJ 10 E . mx=1250, r::o=250 Gev 3
10*E E
10° 3 E
1| | o E
10

10 200 400 600 800 1000 1200 1400 1600 1800 2000

M, (8-body) [GeV]

FIG. 6: Distribution of the reconstructed W’ boson 3-
body candidate mass for the expected background and
selected signals normalized to an integrated luminosity

of 300 fb~! after the full selection.
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FIG. 7: Top: Summary of expected upper limits at 95%
CL on the hpW’ production cross section and the 2-
body decay branching fraction of W’ as a function of
the W’ boson mass normalized to an integrated luminos-
ity of 300 fb—! for three choices of the hp boson mass.
Also shown are expected theoretical cross sections and
branching fractions at leading order for a coupling value
of gr = 0.36. Bottom: The same distributions as above
except for the 3-body decay of the W’ boson.
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