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What is Dark Matter made of ?



Disclaimer
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?
If the Dark Matter is a singlet it can naturally interact with the SM only gravitationally 

DM can still be produced non-thermally 

Hunting for DM in non-gravitational observables  
one should keep in mind that there might be nothing to hunt for…
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?
If the Dark Matter is a singlet it can naturally interact with the SM only gravitationally 

DM can still be produced non-thermally 

Hunting for DM in non-gravitational observables  
one should keep in mind that there might be nothing to hunt for…

Conversely the DM might be charged under the SM gauge group…



Is Dark Matter Electroweak?

DM

DM

SM

SM

2) 100% of DM in a single representation of SU(2)

Assumptions*

*ℒDM = χ̄(iσ̄μ∂μ − Mχ)χ

1) SM+DM up to a UV cutoff ΛUV

EW

Cirelli, Fornengo, Strumia 2005



Is Dark Matter Electroweak?

DM

DM

SM

SM

2) 100% of DM in a single representation of SU(2)

Assumptions*

*ℒDM = χ̄(iσ̄μ∂μ − Mχ)χ

1) SM+DM up to a UV cutoff ΛUV

* 1)+2) make higher dimensional operators controlled by 𝒪(v/ΛUV)
* I will focus on fermions but the same analysis was done for scalars

EW

Cirelli, Fornengo, Strumia 2005



Itay Bloch, S. Bottaro, L. Vittorio

derived with

M. Baumgart, S. Bottaro, N. Rodd, T. Slatyer

to appear with 

based on work with

S. Bottaro, D. Buttazzo, M. Costa, R. Franceschini, P. Panci, L. Vittorio

2107.09688 + 2205.04486

1) Classification of electroweak 
Dark matter 

S. Bottaro
computed with  

2305.01680

2) Uncertainty in the theory 
Prediction

4) Prospects for  
gamma ray telescopes

3) Prospect for  
larg volume Xenon detectors

Plan

2410.02723

I. Bloch, S. Bottaro, D.R. and L. Vittorio
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Classification of EW Dark Matter 

DM

DM

SM

SM

DM in a single representation of SU(2)

Direct Detection
1) excludes  

2) tree-level Z-interactions

Goodman and Witten 1985



DM is Majorana
no tree level scattering with the SM 

χ0
1 χ0

2 δmQM

χQM
3

DM is pseudo-Dirac
Inelastic scattering with the SM

splittings bounded from above by direct detection (h-exc.)
below by direct detection ( ) and BBN ( ) δm0 δmQM

The full list of EW survivors



Is Dark Matter Electroweak?
DM in a single representation of SU(2)

Is Dark Matter Electroweak?

DM

DM

SM

SM

Freeze-out masses

Freeze-out 

1) fixes the mass necessary  

2) to get the observed DM abundance today 
Ωh2 = 0.12 ↔ ⟨σann.v⟩ = 2.2 ⋅ 10−26 cm3 sec−1

⟨σann.v⟩ ∼ #
π2α3

2n5

16M2
χ

D.R, Bottaro 2023



⟨σann.v⟩ ∼ #
π2α3

2n5

16M2
χ

Freeze-out uncertainties

# depends on Sommerfeld enhancement (SE)

+ bound state formation (BSF)

for  the uncertainty is dominated
n ≥ 7
by UV NLO contribution to SE 

for  by the approximate treatment
n < 7
of BSF cosmology D.R, Bottaro 2023



The real multiplets

DM

DM

SM

SM

1-loop +2 loop scattering with nucleons

Hisano, Matsumoto, Nojiri, Saito 2005
Hisano, Ishiwata, Nagata 2010

Heavy real  WIMPs 

can be tested 

with 50 tonne of Xenon

suppress noise sources
CHALLENGE 

I. Bloch, S. Bottaro, D.R., L. Vittorio 2024



The real multiplets

DM

DM

SM

SM

1-loop +2 loop scattering with nucleons

Hisano, Matsumoto, Nojiri, Saito 2005
Hisano, Ishiwata, Nagata 2010

Heavy real  WIMPs 

can be tested 

with 50 tonne of Xenon

suppress noise sources
CHALLENGE 

Annihilation into photons:  χχ → γ + X

M. Baumgart, T. Cohen, I. Moult, N. L. Rodd, 

T. R. Slatyer, M. P. Solon, I. W. Stewart and V. Vaidya 2017

Light real  WIMPs 

can be tested  

@ CTA (line reach is robust) 

M. Baumgart, S. Bottaro, D.R.,  N. Rodd, T. Slatyer to appear 

Heavy real  WIMPs 

are affected by large  

background systematics

DM

DM

SM

SM
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I. Bloch, S. Bottaro, D.R., L. Vittorio 2024



The complex multiplets 

The  and the  have a EW xsec in direct detection  

which is below the neutrino floor  

21/2 31

I. Bloch, S. Bottaro, D.R. and L. Vittorio 2024

For the    the EW contribution can cancel  

against the Higgs contribution.   

41/2,61/2,81/2

He For the   can be tested by direct detection  

with less than 50 tonne-year

51,101/2,121/2

,



Complex WIMPs are a target for future colliders  

Indirect effects:

ℒeff = ℒSM +
cWW

2g2v2
(DW)2 +

cBB

2g′ 2v2
(DB)2

Barbieri, Pomarol, Rattazzi Strumia 2004
Franceschini, Zhao 2022

Future muon collider reach on deviation in 

, ,      μ+μ− → f f̄ + X μ+μ− → ff′ + X μ+μ− → Zh /W+W− + X

ℒ = 10ab−1 ( Ecm

10TeV )
2

the  can’t be tested21/2
indirectly 



Indirect effects:

ℒeff = ℒSM +
cH

v2
|H†DH |2 +

cWB

gg′ v2
(H†TaH)WaB

Lavoura, Li 1994

Breaking of  

Custodial symmetry

No sensitivity on S 

Sensitivity @ FCC-ee on T because of the enhancement for large n 

J. Fan, M. Reece, L. Wang 2015

Complex WIMPs are a target for future colliders 

This seems something one can do with ~Tera-Z (systematics?) 



Light complex WIMPs can be produced directly

DM

DM

SM

SM

Direct production

A hypothetical muon collider is the best machine to pair produce heavy new states 

The muons are elementary so all the energy is available  for hard scattering  

Delhaye, Diemoz, Long, Mansoulié, Pastrone, Rivkin, Schulte, Skrinsky, Wulzer, 2019



Direct production MET searches

A 6 TeV muon collider can exclude Higgsino DM  

combining the MET channels 

Light complex WIMPs can be produced @ colliders

S. Bottaro, D. Buttazzo, M. Costa, 

R. Franceschini, P. Panci, D.R., L. Vittorio



Light complex WIMPs are a target for colliders 

Direct production Disappearing  
Track 

χ+
2 → π+ + χ0

1

Soft  
Tracks

Capdevilla, Meloni, Zurita 2024

Disappearing and soft track can test the full range of lifetimes for χ+



Higgsino parameter space 

Charge tracks + disappearing track  

+ missing energy (+soft tracks)  

S. Bottaro, D. Buttazzo, M. Costa, R. Franceschini, P. Panci, L. Vittorio 2022

Direct Detection + BBN  
make the splitting parameter space compact  

can fully test the available Higgsino parameter space 



Is the Dark Matter Electroweak?

multi-ton Xenon + CTA + 6 TeV muon collider 
have the potential to test them all the EW WIMPs

Many theory computations to be improved:

(big experimental challenge)

EW+Higgs  
radiation in ID

form factors  
in direct detection

refining the freeze-out  
predictions



BACKUP



More on real WIMPs
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S

*Neutral component naturally lighter

*Splitting UV independent 

*Accidental stability in field theory (for fermions n>3) 

*Perturbativity

1-loop
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2-loops
UV splitting heavily suppressed
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<latexit sha1_base64="jmV97/Fvjxd8zMwc+TsXEkVIeqw=">AAACG3icbVDJSgNBFOyJW4zbqCfxMhgEDxJnTFCPQS8ePEQwC2Sjp+fFNOlZ6H4TDMPgl3j0qh/hTbx68Bv8CTvLwa2goah6xetXbiS4Qtv+MDJz8wuLS9nl3Mrq2vqGublVU2EsGVRZKELZcKkCwQOoIkcBjUgC9V0BdXdwMfbrQ5CKh8ENjiJo+/Q24D3OKGqpa+4MO6Wj1pUOeLSbtBDuMKnW0rRT7Jp5u2BPYP0lzozkyQyVrvnZ8kIW+xAgE1SppmNH2E6oRM4EpLlWrCCibEBvoalpQH1Q7WRyQmrta8WzeqHUL0Bron5PJNRXauS7etKn2Fe/vbH4n9eMsXfWTngQxQgBmy7qxcLC0Br3YXlcAkMx0oQyyfVfLdankjLUrf3Y4rr+odKH9cFLc7od53cXf0ntuOCcFIrXpXz5fNZTluySPXJAHHJKyuSSVEiVMHJPHskTeTYejBfj1XibjmaMWWab/IDx/gV6l6F7</latexit>
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<latexit sha1_base64="iyviTzSXkg5pBSBmBcfbtmhW9aE=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4kJKoqMuiG5cV7APaUCaTm2bozCTMTIQSunXpVj/Cnbj1P/wGf8JJm4VtPXDhcM693HuPnzCqtON8W6WV1bX1jfJmZWt7Z3evun/QVnEqCbRIzGLZ9bECRgW0NNUMuokEzH0GHX90l/udJ5CKxuJRjxPwOB4KGlKCdS71FeWDas2pO1PYy8QtSA0VaA6qP/0gJikHoQnDSvVcJ9FehqWmhMGk0k8VJJiM8BB6hgrMQXnZ9NaJfWKUwA5jaUpoe6r+ncgwV2rMfdPJsY7UopeL/3m9VIc3XkZFkmoQZLYoTJmtYzt/3A6oBKLZ2BBMJDW32iTCEhNt4pnb4vv8TJnHIggmFZOOu5jFMmmf192r+sXDZa1xW+RURkfoGJ0iF12jBrpHTdRCBEXoBb2iN+vZerc+rM9Za8kqZg7RHKyvX9qXmJ0=</latexit>⇠

<latexit sha1_base64="nzRdvGq4s81G+GZlQGaLHWozm7Q=">AAACBnicbVDLSsNAFL2pr1pfVZdugkUQlJJUUTdC0Y3LCn1BG8pkMmnHzkzCzEQooXuXbvUj3Ilbf8Nv8CectlnY6oELh3Pu5d57/JhRpR3ny8otLa+sruXXCxubW9s7xd29pooSiUkDRyySbR8pwqggDU01I+1YEsR9Rlr+8Hbitx6JVDQSdT2KicdRX9CQYqSN1KzUT9xr0SuWnLIzhf2XuBkpQYZar/jdDSKccCI0ZkipjuvE2kuR1BQzMi50E0VihIeoTzqGCsSJ8tLptWP7yCiBHUbSlND2VP09kSKu1Ij7ppMjPVCL3kT8z+skOrzyUiriRBOBZ4vChNk6siev2wGVBGs2MgRhSc2tNh4gibA2Ac1t8X1+qsxjAxKMCyYddzGLv6RZKbsX5bP781L1JsspDwdwCMfgwiVU4Q5q0AAMD/AML/BqPVlv1rv1MWvNWdnMPszB+vwB/u6YmQ==</latexit>

2T + 1 = n macroscopic lifetimes for n small

 decay at dimension 65F
<latexit sha1_base64="/4lnGraYbcRe/08oayCooWYGl7U=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFaQkIuqy6KYLFxXsA5pQJtNJO3QyCTMToYSCv+LGhSJu/Q53/o3TNgutHhg4nHMP984JEs6Udpwvq7C0vLK6VlwvbWxube/Yu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQejm6nffqBSsVjc63FC/QgPBAsZwdpIPfug4pEhQ3V0i9oeOkVeP9bqpGeXnaozA/pL3JyUIUejZ3+aIEkjKjThWKmu6yTaz7DUjHA6KXmpogkmIzygXUMFjqjys9n5E3RslD4KY2me0Gim/kxkOFJqHAVmMsJ6qBa9qfif1011eOVnTCSppoLMF4UpRzpG0y5Qn0lKNB8bgolk5lZEhlhiok1jJVOCu/jlv6R1VnUvqu7debl2nddRhEM4ggq4cAk1qEMDmkAggyd4gVfr0Xq23qz3+WjByjP78AvWxzfwRJON</latexit>

(�HLW , . . . )

 decay at dimension 7nF
<latexit sha1_base64="2PD1JpO8KhilUivkSWSaqCcxF7M=">AAACFHicbVDLSsNAFJ34rPUV69LNYBEqlJJYUZdFN124qGAf0MYymUyaoZNJmJmIJfQ3XLrVj3Anbt37Df6E0zYL23pg4HDOPdw7x40Zlcqyvo2V1bX1jc3cVn57Z3dv3zwotGSUCEyaOGKR6LhIEkY5aSqqGOnEgqDQZaTtDm8mfvuRCEkjfq9GMXFCNODUpxgpLfXNQqmHA/pQhXV4W+55kZKnfbNoVawp4DKxM1IEGRp980cHcRISrjBDUnZtK1ZOioSimJFxvpdIEiM8RAPS1ZSjkEgnnd4+hida8aAfCf24glP1byJFoZSj0NWTIVKBXPQm4n9eN1H+lZNSHieKcDxb5CcMqghOioAeFQQrNtIEYUH1rRAHSCCsdF1zW1w3LEv9sYB447xux17sYpm0zir2RaV6d16sXWc95cAROAYlYINLUAN10ABNgMETeAGv4M14Nt6ND+NzNrpiZJlDMAfj6xfNpp09</latexit>
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scalars decay at dimension 5

<latexit sha1_base64="io6gWCg8WCIMu9PhM5go7RPp9aQ=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNj1fQwK4jGieUCyhNnZTjJkZnaZmRXCkqNHr/oR3sSrH+I3+BNOkj2YxIKGoqqb7q4g5kwb1/12FhaXlldWc2v59Y3Nre3Czm5NR4miUKURj1QjIBo4k1A1zHBoxAqICDjUg/7NyK8/gdIsko9mEIMvSFeyDqPEWOnhvH3bLhTdkjsGnideRoooQ6Vd+GmFEU0ESEM50brpubHxU6IMoxyG+VaiISa0T7rQtFQSAdpPx6cO8aFVQtyJlC1p8Fj9O5ESofVABLZTENPTs95I/M9rJqZz5adMxokBSSeLOgnHJsKjv3HIFFDDB5YQqpi9FdMeUYQam87UliAQx9o+1oNwmLfpeLNZzJPaScm7KJ3enxXL11lOObSPDtAR8tAlKqM7VEFVRFEXvaBX9OY8O+/Oh/M5aV1wspk9NAXn6xdsbpfI</latexit>

5F Landau pole > stability cut-off

<latexit sha1_base64="dPEiZF2o5Dh+/7Vhtog073r2PNc=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgQcKuinoMCuIxonlAsoTZ2UkyZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOZMG9f9dnJLyyura/n1wsbm1vZOcXevrqNEEVojEY9UM8CaciZpzTDDaTNWFIuA00YwuBn7jSeqNIvkoxnG1Be4J1mXEWys9CA7t51iyS27E6BF4mWkBBmqneJPO4xIIqg0hGOtW54bGz/FyjDC6ajQTjSNMRngHm1ZKrGg2k8np47QkVVC1I2ULWnQRP07kWKh9VAEtlNg09fz3lj8z2slpnvlp0zGiaGSTBd1E45MhMZ/o5ApSgwfWoKJYvZWRPpYYWJsOjNbgkCcaPtYn4ajgk3Hm89ikdRPy95F+ez+vFS5znLKwwEcwjF4cAkVuIMq1IBAD17gFd6cZ+fd+XA+p605J5vZhxk4X7/I1ZgB</latexit>nF Landau pole < stability cut-off



More on complex WIMPs

2 4 6 8 10 12

<latexit sha1_base64="X3gCEvVffQr2Vej1wctZvEguJkY=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuinoMevGYgHlIsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnDwOJrGgoajqprsrSDjTxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4G/vNJ1CaxfLBDBPwBelJFjFKjJVqj91iyS27E+Bl4s1ICc1Q7RZ/OmFMUwHSUE60bntuYvyMKMMoh1Ghk2pICB2QHrQtlUSA9rPJoSN8YpUQR7GyJQ2eqH8nMiK0HorAdgpi+nrRG4v/ee3URDd+xmSSGpB0uihKOTYxHn+NQ6aAGj60hFDF7K2Y9oki1Nhs5rYEgTjT9rE+hKOCTcdbzGKZNM7L3lX5onZZqtzOcsqjI3SMTpGHrlEF3aMqqiOKAL2gV/TmPDvvzofzOW3NObOZQzQH5+sXUX2XMw==</latexit>
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<latexit sha1_base64="XEt6N7qLK5pO6EZQB90hbOIXM4c=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNhVUY9BLx4TMA9IljA725sMmZldZmaFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4P/FbT6A0i+WjGSXgC9KXLGKUGCvVZa9UdivuFHiZeDkpoxy1XumnG8Y0FSAN5UTrjucmxs+IMoxyGBe7qYaE0CHpQ8dSSQRoP5seOsanVglxFCtb0uCp+nciI0LrkQhspyBmoBe9ifif10lNdOtnTCapAUlni6KUYxPjydc4ZAqo4SNLCFXM3orpgChCjc1mbksQiHNtHxtAOC7adLzFLJZJ86LiXVcu61fl6l2eUwEdoxN0hjx0g6roAdVQA1EE6AW9ojfn2Xl3PpzPWeuKk88coTk4X79zXpdI</latexit>n

<latexit sha1_base64="2cONNwUxgqhxWTu60BL8Hsw1qp8=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNyNoh6DXjxGNA9IljA725sMmZldZmaFEHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VJJxp47rfztLyyuraem4jv7m1vbNb2Nuv6zhVFGo05rFqBkQDZxJqhhkOzUQBEQGHRtC/HfuNJ1CaxfLRDBLwBelKFjFKjJUevLNyp1B0S+4EeJF4GSmiDNVO4acdxjQVIA3lROuW5ybGHxJlGOUwyrdTDQmhfdKFlqWSCND+cHLqCB9bJcRRrGxJgyfq34khEVoPRGA7BTE9Pe+Nxf+8Vmqia3/IZJIakHS6KEo5NjEe/41DpoAaPrCEUMXsrZj2iCLU2HRmtgSBONX2sR6Eo7xNx5vPYpHUyyXvsnR+f1Gs3GQ55dAhOkInyENXqILuUBXVEEVd9IJe0Zvz7Lw7H87ntHXJyWYO0Aycr1/3/5eA</latexit>

1/2

1

3/2 NO EFT

*Neutral component naturally lighter in multiplets with maximal hypercharge: , 21/2 31

otherwise a UV splitting beyond EW corrections is required for stability
<latexit sha1_base64="BhnYVjbkqkDJJ78MAguhQACLb0w="></latexit>
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*Splitting required to make the tree-level Z scattering inelastic
<latexit sha1_base64="7Si1M8WxBZxWRp1Xd+g0CbNcCNQ="></latexit>
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δm0 > BBN + direct detection limits the allowed candidates



Direct Detection reach

# targets/unit mass DM number 
Density

xsec averaged  
on the velocity distr. 

The scattering rate per energy per unit detector mass

* These are computed using NEST

The total rate in the (S1,S2) channels in Xenon

Efficiency* Probability of S1,S2 events  
for given recoil energy* 

Exposure (ton  year) ⋅

Backgrounds:

Signal rate:

The solar neutrino electron recoil events  
leak into the signal region!

 ERνSun

DM

 NRνSun

At present noise sources  
dominate the background 

(main problem is Radon contamination) 

LZ  2207.03764

S. Kravitz, H. Chen, R. Gibbons, S. J. Haselschwardt, 
Q. Xia, and P. Sorensen 2022crystalline Xenon?



Expected exclusion/discovery

This effect is especially important for discovery 
and gives  factor in exposure for exclusionO(1)

The standard neutrino floor irreducible background  
from atmospheric and DSN neutrinos lies below the  
electron recoil fog from solar neutrinos 

Accounting for the electron recoil fog for the WIMPs  
makes the required exposure for exclusion/discovery  
much larger*

* this effect is well know to Xenon experimentalists but somehow was never accounted for in the theory projections



Direct Detection rates uncertainties
The uncertainty on the cross section coming from lattice 

is of the same order of a generous  

Astrophysical uncertainty 

obtained by marginalising over the parameters of three  
different velocity distributions

5 10 20 50

0

50

100

150

200

Large systematics (dashed line) originating from a tension in lattice data

⟨N |mqq̄q |N⟩ = mN fTq

2 computation schemes: * Direct computation of the matrix element (MEC) 

                                                *  σπN ≈ m2
π

∂mN

∂m2
π

this is sensitive to the functional shape of mN(m2
π) extracted from baryonic chPT



Indirect Detection reach

EW Dark Matter annihilating in our surroundings generate a high energy photon flux

Continuum

The annihilation cross section has three components 

Line End-point

see previous papers by 

Baumgart Rodd, Statyer et al. 

The final flux depends on the DM distribution in the galaxy* 
<latexit sha1_base64="P2rZKbhdREdueRjLjQfy9VlSwzk=">AAAB9XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNogcPRC8eMZFHwi5kdmhgwuwjM70asuE/vHjQGK/+izf/xgH2oGAlnVSqutPd5cdSaLTtbyu3srq2vpHfLGxt7+zuFfcPGjpKFIc6j2SkWj7TIEUIdRQooRUrYIEvoemPbqd+8xGUFlH4gOMYvIANQtEXnKGROi4OAdn1RcflQvFusWSX7RnoMnEyUiIZat3il9uLeBJAiFwyrduOHaOXMoWCS5gU3ERDzPiIDaBtaMgC0F46u3pCT4zSo/1ImQqRztTfEykLtB4HvukMGA71ojcV//PaCfavvFSEcYIQ8vmifiIpRnQaAe0JBRzl2BDGlTC3Uj5kinE0QRVMCM7iy8ukcVZ2KuXK/XmpepPFkSdH5JicEodckiq5IzVSJ5wo8kxeyZv1ZL1Y79bHvDVnZTOH5A+szx8o4JJP</latexit>

✓ < 5�
<latexit sha1_base64="u/S4RY4SG42HPg3dWbo0hh6sw5w=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5CoVBcuim5cVrAPaGKZTCft0MmDmRuhxC78FTcuFHHrb7jzb5ymWWjrgcs9nHMvc+f4ieAKbPvbWFhcWl5ZLa2V1zc2t7bNnd2milNJWYPGIpZtnygmeMQawEGwdiIZCX3BWv7weuK3HphUPI7uYJQwLyT9iAecEtBS19x3tQvYz9ulbZ3eu5RL2jUrtmXnwPPEKUgFFah3zS+3F9M0ZBFQQZTqOHYCXkYkcCrYuOymiiWEDkmfdTSNSMiUl+X3j/GRVno4iKWuCHCu/t7ISKjUKPT1ZEhgoGa9ifif10khuPAyHiUpsIhOHwpSgSHGkzBwj0tGQYw0IVRyfSumAyIJBR1ZWYfgzH55njRPLKdqVW/PKrWrIo4SOkCH6Bg56BzV0A2qowai6BE9o1f0ZjwZL8a78TEdXTCKnT30B8bnD//ulXY=</latexit>
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<latexit sha1_base64="c4vZKmj5TduKWnAP/yCeRu+k0R0=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7ArEj0GvegpUcwDsiHMTjrJkNkHM71iWNZf8eJBEa9+iDf/xkmyB00saCiquunu8iLBFdr2t5FbWV1b38hvFra2d3b3zP2DpgpjyaDBQhHKtkcVCB5AAzkKaEcSqO8JaHnjq6nfegCpeBjc4ySCrk+HAR9wRlFLPbPo1nwY0l7iIjxicle7SdOeWbLL9gzWMnEyUiIZ6j3zy+2HLPYhQCaoUh3HjrCbUImcCUgLbqwgomxMh9DRNKA+qG4yOz61jrXStwah1BWgNVN/TyTUV2rie7rTpzhSi95U/M/rxDi46CY8iGKEgM0XDWJhYWhNk7D6XAJDMdGEMsn1rRYbUUkZ6rwKOgRn8eVl0jwtO5Vy5fasVL3M4siTQ3JETohDzkmVXJM6aRBGJuSZvJI348l4Md6Nj3lrzshmiuQPjM8fFnCVEw==</latexit>
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<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{*focus on the Galactic Center 



Details of the Higgsino reach


