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Thermal Dark Matter Hidden Sectors

Hidden Sector (HS) models can produce the
correct Dark Matter (DM) thermal relic
abundance for sub-GeV DM 10°°

While not sensitive to canonical displaced A’s

in the 2016 Engineering run..HPS expects ¥
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Strongly Interacting Massive Particles (SIMPs)

Extend A’ HS: include strongly self-interacting massive particles (SIMPs)][1]
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Strongly Interacting Massive Particles (SIMPs)

Extend A’ HS: include strongly self-interacting massive particles (SIMPs)][1]

Assume QCD-like SU(3) symmetry
- | Dark pions (Ttp) <+ DM Candidates

my, ~ Mg
- | Dark vector mesons (Vp) ’




Strongly Interacting Massive Particles (SIMPs)

Extend A’ HS: include strongly self-interacting massive particles (SIMPs)][1]

T
Assume QCD-like SU(3) symmetry
- | Dark pions (Ttp) <+ DM Candidates
- | Dark vector mesons (Vp) v~ Hin
n

New freeze-out mechanism 1: 3Tp—2Tp annihilation

Correct relic abundance for strong-scale Tp self-interaction and mmp ~ 100 MeV [2]
“SIMP Miracle”
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Strongly Interacting Massive Particles (SIMPs)

Extend A’ HS: include strongly self-interacting massive particles (SIMPs)][1]

Assume QCD-like SU(3) symmetry "
- | Dark pions (Ttp) <+ DM Candidates
- | Dark vector mesons (Vp) Hv =~ Hin
JT

New freeze-out mechanism 1: 3Tp—2Tp annihilation
- Correct relic abundance for strong-scale Tp self-interaction and mmp ~ 100 MeV [2]
- “SIMP Miracle”

New freeze-out mechanism 2: Vp “semi-annihilation” [1]
ThTlh — Tp Vo, followed by Vp—SM through intermediate A’
- Expands thermal DM mass range to ~0.01 — 1 GeV
- A’ kinetic mixing ~10° < € < 102
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Strongly Interacting Massive Particles (SIMPs)

Extend A’ HS: include strongly self-interacting massive particles (SIMPs)][1]

Assume QCD-like SU(3) symmetry
- | Dark pions (Ttp) <+ DM Candidates

m, ~ Mg
- | Dark vector mesons (Vp) '

New freeze-out mechanism 1: 3Tp—2Tp annihilation
- Correct relic abundance for strong-scale Tp self-interaction and mmp ~ 100 MeV [2]
- “SIMP Miracle”

New freeze-out mechanism 2: Vp “semi-annihilation” [1]
ThTlh — Tp Vo, followed by Vp—SM through intermediate A’
- Expands thermal DM mass range to ~0.01 — 1 GeV
- A’ kinetic mixing ~10° < € < 102
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2016 SIMP Reach Estimate




Signal and Control Regions
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Signal and Control Regions
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Total A’ Production Rate

2.3 GeV Beam

&P

Target
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SIMP Displaced Vertex Acceptance and Efficiency

2.3 GeV Beam
e,p —

*For both p and ®
z Target dark vectors




SIMP Expected Signal Distribution

2.3 GeV Beam
e,p

Generate MC signal with uniform

decay length

Take efficiency of
reconstructed+selected events, to

generated events, in vertex z

Re-weight to account for p and
® BR and lifetimes

Multiply by A’ yield to get expected
signal distribution
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SIMP Expected Signal Distribution

Reconstructed Vertex Z Position
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High-Z Cuts
Target Projected Vertex Significance




Target Projected Vertex Significance

Vertex Projected Back to Target

unc vtx proj y [mm]

unc vtx proj y [mm]

- 65 MeV MC Signal =
e a g g Y Vertex should project back
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vertex z [mm]

Target Projected Vertex Significance

Target Projection Significance vs Vtx Z
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High-Z Cuts

Tracks-Vertex Consistency Azmack




High-7Z Cuts: Track-Vertex Consistency AZracx

S ma | I AZTrack
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High-7Z Cuts: Track-Vertex Consistency AZracx

L2
Prompt Background

L1

Prompt events should have y0 ~ 0,
and therefore Zracx ~ Zraget for both tracks

*Spread along slope ~1 due to vertex resolution
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High-7Z Cuts: Track-Vertex Consistency AZracx

Falsely Displaced Prompt Background
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High-Z Cuts

Track Impact Parameter y0




track y0 [mm)]

track yO [mm)]

High-7 Cut: Track Impact Parameter y0

Track y0 vs Vertex z
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track y0 [mm)]

High-7 Cut: Track Impact Parameter y0

Track y0 vs Vertex z
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High-7Z Cut: Track Impact Parameter y0

Track y0 vs Vertex z
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2016 SIMP Reach Estimate Results
10.7 pb! (2016 Full Luminosity)
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Reach Estimate Results

Expected Signal 10.7 pb!

Preliminary
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Conclusion

* Expect groundbreaking sensitivity in 2016 Engineering Run data

* Working on finalizing High-Z cut variables and values
* Close to unblinding 100% data
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10~

10~°

L ©

™

HEPS

_ Orsay

2-body decays, m/ fr

Preliminary

— A

BaBar

m ar [GEV]

*Remaining background accounted
for in contour using Optimum
Interval Method[4]
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Event Selection

Reconstruction Level

Layer Requirement

Cut Description Requirement
ECal clusters in .oppos.ite volumes e~ Cluster, x et Cluster, <0 Cut Description Requirement
Track-Cluster Time Difference (Data) | Track: — Cluster; — 56 ns| < 10ns
Track-Cluster Time Difference (MC) | Track; — Cluster; — 43 ns| < 10ns Layer 1 Requirement e~ and e’ have L1 axial+stereo hit
Track-Cluster X Position Difference [XTrackatEeal — Xctuster| < 20.0mm Layer 2 Requirement e~ and e have L2 axial+stereo hit
Track-Cluster Y Position Difference | TrackAtEcal, — Cluster,| < 20.0mm
Cluster Time Difference A(Cluster,-, Cluster,+) < 2.5ns
Beam electron cut Pe- < 2.15GeV
Vertex Momentum Pvex < 2.8 GeV Signal and Control Regions
Cut Description Requirement
. Control Region Momentum 1.9GeV < P.- + P+ < 2.4 GeV
Preselection g
Signal Region Momentum 1.0 < Po- 4 Per < 1.9GeV
Cut Description Requirement
Trigger Pairl
Track Time | Track,| < 6ns High-Z Cuts
Cluster Time Difference A.(Cluster,-, Cluster,+ < 1.45ns —
Track-Cluster Time Difference A(Track, Cluster) < 4.0ns Cut Condition
Track Quality TrackXQ/n. d.f. < 20.0 Target Projected Vertex Significance Cut (VOpo;) V0puoj < 2.0 ,
Beam electron cut Pe- < 1.75 GeV [F)Ielttazz()CCUtt(AZ(;m) Azt(;ack < ilﬁé(jo-?:g 16-61% 9£r1n) mm
Minimum Hits on Track Nogpies Track > 7.0 2 ut (1201) 201 < ~4.681e”F(m) +0.921 mm
Unconstrained Vertex Quality Vix. < 20.0
Vertex Momentum Pe- 1o < 2.4GeV

Preliminary




SIMP Model Parameters

* Six key SIMP parameters

1. A’ mass
2. A’ kinetic mixing strength €
3. HS Up(1) coupling ap

° 4
5
6

Dark pion mass

. Dark vector mass

. Dark pion decay constant fr

SIMP Parameter Constraints

ma < 2m, and ma < 2my

may > my + m, and my > 2m;

my < 2m, and my < 2m,

ap <1

107 < e <1072

my /f; < 4x

Benchmark Parameters [4]
* ap=0.1

® mA’/mr[D :3

® mVD/mnD: 1.8
y mnD/an = 41




Strongly Interacting Massive Particles (SIMPs)

HPS Signal . 100 ¢
Visible 2-body decay !
107!
>
T
< —2
Not Considered E 10
3-body decay e,p g
(Invisible if mVp* < 2mTip) 10-3
. _ S— mv/mﬂ:LS\\ \_
- -
== my/my;=14 T~
10—4 | | | | L |
oF T 2 4 6 8 10 12
Key SIMP
Invisible to HPS ~ ©P AN V > M/ fr
T Parameter
Z A’ Branching Ratio is function of dark3 4

pion mass and decay constant fn




Total A’ Production Rate
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Total A’ Production Rate
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Total A’ Production Rate

2.3 GeV Beam
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1. A’ cross-section proportional to differential
Radiative Tridents
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Total A’ Production Rate
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Total A’ Production Rate
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High-7 Cuts: Track-Vertex Consistency AZmack

Signal efficiency Cut on difference in Zrai removes
remains high high-z backgrounds
ER: " 80—
E 65 MeV E E 65 MeV
N 70— . N 70— 10*
» = MC Signal 10 = MC Bkg

o 60— = 60—
SO £ r

= 50— 10°
oE-
1 —
30—

- v, | 102
20—

s 10

107
~10 &
L | \ Loy INFLPL I P
0 20 40 60 80 100 60 80 100
AZ a0 [mm] AZ e [mm]

Example: Cut events
with AZmax > 20 mm
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Strongly Interacting Massive Particles - Theory

mAw/m,,T =3

100 : T T T T VTI' T E
,OT(+(;57T:
107t b =
>< £
T
= 1072 L
w'es
m .
- o ~ g
W7 F — my/m.=18~0_ 73
== my/m,=14 T~
10—4 | | | 1 1 1

2 4 6 8 10 12
Mo/ fr

* Tip = dark pion mass (comprises DM)
* A’ = couples HS to SM
* Vp = heavy dark vector meson
* & = kinetic mixing parameter
* ap= U(1)o gauge coupling

* fTp = dark sector pion decay constant

1.0°

e ;
e=10"3, ap = 1072
1 = ir"’1'11'/.1(-‘::' =3 _ 7
107" E*v.., Mmp:my:imya =1:18:3 5

1g = 1071 109
my [GeV]

* Tp = dark pion mass (comprises DM)
* A’ = couples HS to SM via kinetic mixing
* Vb = heavy dark vector meson (analogous to @ meson)
* & = kinetic mixing parameter
* dap= U(1)o gauge coupling
* fTp = dark sector pion decay constant
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