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= Asymmetric eTe™
collider SuperKEKB in
Japan
® Running at the T(4S)
a Electrons: 7 GeV,
Positrons: 4 GeV

= Collected 364 b~ " of

Kt and muon detector (KLM):
Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF +MPPC (endcaps, inner barrel)

Electromagnetic calorimeter (ECL):
Csl(Tl) crystals
waveform sampling (energy, time, pulse-shape)

data on the T(4S) in Trigger:
Hardw: <30 kH:
Run 1 Vertex detectors (VXD): Sofware 10Kz
2 layer DEPFET pixel detectors (PXD)
a RUI'I 2 started a few 4 layer double-sided silicon strip detectors (SVI
rticl tificati ID):
months ago Central drift chamber (CDC): Particle Identification (PID)

Time-Of-Propagation counter (TOP) (barrel)
He(50%):CzHs (50%), small cells, Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)

fast electronics

a Well known initial
conditions

DEPFET: depleted p-
WLSF: vavelens

@ Very low multiplicity -
clean environment
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pointing

/1+77r+7 K+[, T+,e+]
The Model
4 Dark Sector particles: x4, xo, h’, A’
(3 masses, 2 mixings, 2 couplings)
up to two + missing energy
[Duerr, Ferber, Garcia-Cely, Hearty, Schmidt-Hoberg(JHEP 04 (2021), 2012.08595)]
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Strategy

Model Parameters
@ Mass of the Dark Photon m

Perform a bump hunt on the
reconstructed mass of the

. b’/
Dark Higgs M Mass of the x4

/
e A Mass of the Dark Higgs m,

[ ]
a

@ Mixing of the Dark Photon e

@ Mixing Angle of the Dark Higgs 6
@ Coupling of Dark Photon to DM gy

@ Coupling of Dark Higgs to DM f

Present the results in the plane of the

9 N+ Dark Higgs mass and Dark Higgs mixing angle for
a variations of the other five parameters (around
5 per model parameter)
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Existing Limits
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[Ferber, Grohsjean, Kahlhoefer]
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E949

Dark Higgs Mixing Angle

(own work)

NA62PSIOL Y

~

Belle Il Simulation ft:dt= 364 fb‘f‘,/

m,, = 2.5 GeV/c?
m, = 10.0 GeV/c?
1y, = 0.01cm

J f=0275

7 gx=1.121
” £=0.001
Am = 2.45 GeV/c?

1 IDM + DH Sensitivity

107!

100 10!
my (GeV/c?)

Dark Higgs Mass
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We will produce many of these very model
dependent plots for the variations of the
other model parameters

sin6

ol
E949  NAGPS191 ‘s

1Simutation [ cat = 364 b -
ork) 1 10M + DH Sensitivty

imulation [cdt =364 fo-1 ¥ :
ri) [C_1 1DM + DH Sensitivity

o7

o o
my (Gevic?) my (GeV/c?)

Will produce similar plots in the m,, — €
plane, as well!
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Experimental Challenges

g
o

Trigger Efficiency
o
w

0.4

0.2

0.0

716 16.05.2024

Both the reconstruction efficiency
and the track trigger efficiency drop
with displacement of the vertices!

stt

o
o

_Belle Il Simulation (own work) F mp=1.0 GeV/c?

’ﬁ{« mp = 2.5 GeV/c?
"L.Pf H mp=4.0 GeV/c? |

% ++*{< = 0.0001
=0.0001
% my, = 1.0 Gev/c?

H £=0275

Single Track Level 1 Trigger

L2ae S5
0 10 20 30 40 50 60
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2
& 15[ Belle 'Simulation [ cdt =364 fo! ¥ Data
(own work)
Pointing Control Region
1.0 F O I ) N
AL Lt i Pl 4
0.8 +
0.6
0.4
0.2
0.0 A *
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Enie(GeV)

If the electrons of the x, — X4 ete™ carry enough
energy we can trigger on them using the ECL
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Experimental Challenges
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The beam background conditions depend on the data taking period
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Many additional hits
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High beam background, £ = 3.5 * 10**cm % ™"
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Experimental Challenges

>
Efficiency for displaced §
vertices depends £ 0.095¢
on the beam back- [T
aan o
ground conditions! &
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my, = 2.5 GeV/c?

10.0 Gev/c?

my = 1.3 GeV/c?

4.64 cm

€Ty, = 0.01 cm
Am = 2.45 GeV/c?

Experiment 22
Experiment 24

0.1001 gelle 11 Simulation (own work)
Signal: ete~ »h (»n*n " )yix2(»xiete™)

f(x) = (=199 £ 4) x 1077 x + (9159 + 28) x 10~°

I

¥ Average Run Conditions }

Experiment 26
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Effect can be
modelled!

¥ (em)

100

Proportional to the beam background conditions
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Expected Backgrounds after Selection

h — pp”

Reco Channel: h'(»u*u~)xa(» e*e”)

U N . _ L, B ete eteete
2 Belle Il Simulation [cdt=364 fb - ete )
3 o[ (own work)
820 s MC stat. unc.
n
<
s
g T 40
o115 2
c >
]
g &35
“ 3
1.0 9 3.0
a
225
g
0.5 7 7 [T
7
-
' 15
0.0
0.5 1.0 15 2.0 25 3.0 10

M, (GeV/c?)

h — ntn™
Reco Channel: h'(» m*m)x,(» e*e”)
Belle Il Simulation [ cdt =364 fb-! = o
(owp work) EEE Continuum
mm ete seteTete”
= ete T ()
s MC stat. unc
2%
z

0.5

Very low background level in all final states
— Perform a counting experiment

*Each component scaled according to the available luminosity
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2.0 25 3.0
Ml (GeV/c?)
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Events / (0.05 GeV/c?)
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h' — KYK™

x10-1 Reco Channel: h'(»K*K-)x,(=e*e”)

(=13

B Continuum
== et ()
. MC stat. unc

Belle Il Simulation [£dt =364 fb~!
(own work)

0.5 .0 1. 2.0 25 3.0
M, (GeV/c?)
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Extracting the cross section

In total we can extract four different cross sections:

Three "model independent” ones for the different final states

mete” = xyxa(— xseTe )N (= )
wefe” = xixa(— xseTe ) (— )

mefe” = xixe(— xyeTe ) (= )

One model dependent one for the combination

In case no signal is observed, set 95% CL upper limits on the cross

sections

11/16
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®e'e” = xyxa(— xs8 e )N

Patrick Ecker (patrick.ecker@kit.edu): Inelastic Dark Matter with a Dark Higgs

KIT

Karlsruhe Institute of Technology

Likelihood
Nobs
2= (/”LSig + 'ub'kg) ’ e—(l‘singMbkg)
NObS'
with

usig:o~e-/£dt
and for the combination®

£total = H BF; - £f

f=p,m,K

%see slide 13 for the BF
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Expected Sensitivities - "Model Independent”
h — ptp”

g o oo P For short h’ lifetimes the sensitivity is lower since the

P 75 efficiency is low due to the minimal displacement cut?

%3 - For the sensitivity is pretty good

5 since the displacement is large enough to pass the

3 N/ minimal displacement cut

[ For larger h’ lifetimes the sensitivity starts to drop

s since the finding efficiency for displaced tracks drops
with the displacement
For the sensitivity is low since
many of the Dark Higgs bosons decay outside of the

102 detector which leads to worse efficiency

050 075 100 125 150 175 200 225 250
mpy (GeV/c?)

a
*Systematics not (yet) included, but we are statistically limited p>0.2cm
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h’ branching fraction A“(IT

Becoming Model Dependent (Current Physics Beyond Colliders """ ™"

Cross section benchmark, state of the art
(calculated with MadGraph) BF values from 2305.16169 )
102 | § 10° —_—heutus A
= r! h'->nn
~ h'-n*tn-
@ I h'>KK
h'»K*K~

10-1} /\

Above 2 GeV we
do not have BF
calculations available

10tk

ole*e” »>h'xixa(~>x1e*e™))(fb)

102} for and
04 06 08 10 12 14 16 18 05 1.0 15 2.0 25 3.0
my (GeV/c?) mpy (GeV/c?)

Need to compare the calculated cross section with the expected sen-
sitivity from the limit to exclude certain parts of the parameter space
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h’ branching fraction ﬂ(IT

Becoming Model Dependent (Current Physics Beyond Colliders """ ™"

Cross section benchmark, state of the art
(calculated with MadGraph) BF values from 2305.16169 )
102} — Total | % 10° = h'-utuT
my, = 2.5 GeV/c? = H h'->nn
ma = 10.0 GeV/c? ~ hon*n-
= 15000 cm 5 | h'- KK

0.01cm

e
T
(V]
g
Q
< h'=K*K~
7
=
=
? 1071}
| 101 .
Q
* Above 2 GeV we
° do not have BF
alculations available
102} for and
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 0.5 1.0 1.5 2.0 2.5 3.0
my (GeV/c?) mpy (GeV/c?)

Need to compare the calculated cross section with the expected sen-
sitivity from the limit to exclude certain parts of the parameter space
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Expected Sensitivity of the Combination

sin@
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1072

1073

1075

1076

14/16

Existing limits rely only on
the presence of a dark scalar

4! paBar
\_\(\I \
NA62PS1T1

E949

~

Belle Il Simulation [ cdt =364 oD,/
(own work)

N

my, = 2.5 GeV/c? §

m, = 10.0 GeV/c?
€T, =0.01cm
f=0275

gx=1121 |

£=0.001
Am = 2.45 GeV/c?

1 IDM + DH Sensitivity
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1071 10°

10!

mp (GeV/c?)
Tested parameter configurations show very competitive sensitivity!

* Systematics not (yet) included, but we are statistically limited

1075

1076

These are only two out
of many configurations!

E949

Belle Il Simulation [£dt =364 fb~! !

(own work)

I
AN IQaBar 1 CMS
N\ 1
NA62PS191 \\ I
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N

my, = 1.25 GeV/c
ma = 5.0 GeV/c?
€Ty, = 0.01 cm
f=0.275

gx=1.121
\v i £=0.001
Am = 1.22 GeV/c?

1 IDM + DH Sensitivity

1071
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These are only two out ﬂ(IT

Expected Sensitivity of the Combination  of many configurations! e muesianos

[xo) [xo)
c 8l Ent =
@ Existing limits rely only on @
107*H the presence of a dark scalar R R 107! R IS I
D D
10-2 Pl E 1072 P
Larger
arger CcT. X2
1073 -
N N
107 1 my, = 2.5 GeV/c 1074 my, = 2.5 GeV/c?
\‘ I IBaBa r my = 10.0 GeV/c? my = 10.0 GeV/c?
NS €Ty, = 0.01 cm N\ €Ty, = 0.1cm
E949  NAG2PSIOL \ r=0275 E949  NAGPS191 N ,~ r=0275
10-5 \\ /7 gx=1.121 | 10-5 \' gx=1.121
- £=0.001 £=0.001
Belle I Simulation [ rdt =364 oD,/ fm = 2 Geve Belle Il Simulation [rdt=364 fb~! fim = 245 Gevie
(own work) 1 IDM + DH Sensitivity (own work) 1 IDM + DH Sensitivity
-6 -6
10 1071 100 10! 10 1071 100 10!
my (GeV/c?) mpy (GeV/c?)

Tested parameter configurations show very competitive sensitivity!

* Systematics not (yet) included, but we are statistically limited
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sin@

@ Showed a strategy for a search for inelastic
Dark Matter with a Dark Higgs boson in a
seven dimensional parameter space

a Expect very low background: perform a
counting experiment and a Bayesian analysis

@ Can derive both model independent and
model dependent limits on the signal cross

m,, = 2.5 GeV/c? {

ma = 10.0 GeV/c?

€Ty, = 0.01cm
section oot |
- £=0.001
L ) L. Belle I Simulation [cdt =364 fb'r‘,l pm =2 ceviet
@ Sensitivity studies look promising to reach ([ (©vm werk) 1 IDM + DH Sensitivity
10~ - -
unexplored parameter space 107 10° 10t
mp (GeV/c?)
* Systematics not (yet) included, but we are statistically limited
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Model Parameters

Mass of the Dark Photon m,/
Mass of the x,
Mass of the Dark Higgs m,

Mixing Angle of the Dark Higgs 6

a

a

]

@ Mixing of the Dark Photon e

a

@ Coupling of Dark Photon to DM gy
]

Coupling of Dark Higgs to DM f

i + _ _f
6 o Am—mxz—mX1~a~mA/

7 free parameters
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Signal Shape Fit
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N
o
o
]

Events / (0.001668 GeV/c?)
N w
o o
o o
o o

[ ]
1000 | ]
o .
.
0le—e-o-o-o-e0® ® 00000000

= 2_5 T T T T T T T
Tlg 0.0
N L v [ °
s 5

T T
r Belle Il Simulation

b FitResult

1 = (800510 = 25) x 10~¢ GeV/c?
0= (208+4) x 1075 GeV/c?

@ =(1255)x 1072

= (55£5)x 107

& = (163 £5) x 10~
ne=(310£17) x 102
X2indof = 2.015

Reco Channel: h'(»u*u~)x2(»e*e”)

¢

Signal Shape 1

MC

My, = 2.5 Gev/c? o

my = 10.0 GeV/c
my = 0.8 GeV/c?

cty=10cm J

€Ty, =0.01cm
Am = 2.45 GeV/c?

-2. . . . F . . . .
0.780 0.785 0.790 0.795 0.800 0.805 0.810 0.815 0.820

M, (GeV/c?)
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