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Motivation

Thermal WIMPs remains deeply 
motivated and discoverable 

Every chance of a discovery within the next decade
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2. WIMPs in 2026

4. Discovery at CTAO
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Outline

1. Experimental Landscape

3. An Update on Uncertainties
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Experimental Landscape
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Experimental Landscape

Fermi -ray data 
2-20 GeV

γ
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Experimental Landscape

<latexit sha1_base64="egx8nEc4nMmZ8s3TV8yLU2+lw24="></latexit>

E = e↵ective area

T = observation time

�⇥ (E ⇥ T ) ⇠ # of detected photons

Disclaimer: one of many ways 
to compare instruments;  

cf. energy/spatial resolution
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Experimental Landscape

[Boddy, Lisanti, McDermott, NLR, Weniger+ 2022]
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Experimental Landscape

[Boddy, Lisanti, McDermott, NLR, Weniger+ 2022]

Did Fermi discover DM?
We continue to learn about the 

Galactic Center Excess

[List, Park, NLR, Schoen,Wolf 2025]
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Experimental Landscape

[Boddy, Lisanti, McDermott, NLR, Weniger+ 2022]
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Experimental Landscape

[Boddy, Lisanti, McDermott, NLR, Weniger+ 2022]

For space-based telescopes, hard to beat 
(1 m2) × (10 years) ≃ (104 cm2) × (π ⋅ 108 s) ≃ 1012.5 cm2 ⋅ s
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Experimental Landscape

[Boddy, Lisanti, McDermott, NLR, Weniger+ 2022]



WIMPs in 2026
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Bottom up: introduce one field with SM charge 

Predictive: couplings and mass determined 

E.g. quintuplet DM , (1, 5, 0) Mχ ≃ 14 TeV

Minimal Dark Matter 
[Cirelli+ 2006]

<latexit sha1_base64="ykD1HPVVoaq06MM2m5rgbEJbK7Y="></latexit>
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Notation indicates 
SM charges

WIMPs in 2026
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Top down: at low energies, can find 

Assuming other states decoupled similarly predictive 

Higgsino  and wino  can  
emerge as DM in split SUSY scenarios 

∼

(1, 2, 1/2) (1, 3, 0)

[Wells 2003], [Giudice, Romanino 2004], 
[Arkani-Hamed, Dimopoulos 2005], 

[Hall, Nomura 2012], …

SUSY DM also testable via electron-EDM 
(ACME, JILA), see e.g. 

[Cesarotti+ 2019], [Co+ 2022]

WIMPs in 2026

Additional UV realizations, e.g. Noble DM 
[Asadi, Batz, Kribs 2024]
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WIMPs in 2026

Real Reps 
[Bottaro+ 2022]

Wino Higgsino

Most MDM models above neutrino floor

LZ sensitivity has already been achieved [2410.17036] 
Another future option: PandaX-xT [2402.03596]

Complex Reps 
[Bottaro+ 2022]

Assumes pure higgsino, for the more 
general case: [Martin 2024, 2025]
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WIMPs in 2026

Higgsino within reach of future colliders

[Canepa, Han, Wang 2020]

Key target for muon collider, e.g. [Muon Collider Collab. 2022] 
& plasma wakefield collider, e.g. [Chigusa, Knapen, Opferkuch, Savoray, Scherb, Xu 2025]



An Update on Uncertainties



Nick Rodd  |  Discovering Dark Matter with Indirect Detection

<latexit sha1_base64="Ncz6+euZ+XoI/yUbrkLho19ysoY="></latexit>

d!

dE
=

→ωv↑
8εM2

ω

dN

dE
︸ ︷︷ ︸

↓
∫

ds ϑ2DM(s)
︸ ︷︷ ︸

19

Update on Uncertainties
Dark matter annihilation flux 
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Dark matter annihilation flux 
<latexit sha1_base64="av38SHCT4NJX3O7glQsFD/2h834="></latexit>

d!

dE
=

→ωv↑
8εM2

ω

dN

dE
︸ ︷︷ ︸

↓
∫

ds ϑ2DM(s)
︸ ︷︷ ︸

Particle Physics

�

<latexit sha1_base64="9Y30ORvTmHx6sR34J6jp1BsLPJo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY8FL56kgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpre533uiSrNYPppZQn2BJ5KFjGCTS0MSsVG15tbdBdA68QpSgwLtUfVrOI5JKqg0hGOtB56bGD/DyjDC6bwyTDVNMJniCR1YKrGg2s8Wt87RhVXGKIyVLWnQQv09kWGh9UwEtlNgE+lVLxf/8wapCW/8jMkkNVSS5aIw5cjEKH8cjZmixPCZJZgoZm9FJMIKE2PjqdgQvNWX10n3qu416s2HRq11X8RRhjM4h0vw4BpacAdt6ACBCJ7hFd4c4bw4787HsrXkFDOn8AfO5w8F7o5G</latexit>

�

<latexit sha1_base64="9Y30ORvTmHx6sR34J6jp1BsLPJo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY8FL56kgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpre533uiSrNYPppZQn2BJ5KFjGCTS0MSsVG15tbdBdA68QpSgwLtUfVrOI5JKqg0hGOtB56bGD/DyjDC6bwyTDVNMJniCR1YKrGg2s8Wt87RhVXGKIyVLWnQQv09kWGh9UwEtlNgE+lVLxf/8wapCW/8jMkkNVSS5aIw5cjEKH8cjZmixPCZJZgoZm9FJMIKE2PjqdgQvNWX10n3qu416s2HRq11X8RRhjM4h0vw4BpacAdt6ACBCJ7hFd4c4bw4787HsrXkFDOn8AfO5w8F7o5G</latexit>

e+
e�

. . .

<latexit sha1_base64="sCNDai8lKnMFOGX//XXf1wQymjE=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYhbdNdwY3LCvYBbSiT6aQdO5OEmYlQQv/BjQtF3Po/7vwbpw9BRQ9cOJxzL/feE6acKY3Qh1XY2Nza3inulvb2Dw6PyscnHZVkktA2SXgieyFWlLOYtjXTnPZSSbEIOe2G06uF372nUrEkvtWzlAYCj2MWMYK1kTqDMRYCD8sVZDf8Rs2tQmRXfRfVG4Yg1/M9Hzo2WqIC1mgNy++DUUIyQWNNOFaq76BUBzmWmhFO56VBpmiKyRSPad/QGAuqgnx57RxeGGUEo0SaijVcqt8nciyUmonQdAqsJ+q3txD/8vqZjvwgZ3GaaRqT1aIo41AncPE6HDFJieYzQzCRzNwKyQRLTLQJqGRC+PoU/k86ru3UbHTjVZreOo4iOAPn4BI4oA6a4Bq0QBsQcAcewBN4thLr0XqxXletBWs9cwp+wHr7BA/Dj2w=</latexit>�
<latexit sha1_base64="sCNDai8lKnMFOGX//XXf1wQymjE=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYhbdNdwY3LCvYBbSiT6aQdO5OEmYlQQv/BjQtF3Po/7vwbpw9BRQ9cOJxzL/feE6acKY3Qh1XY2Nza3inulvb2Dw6PyscnHZVkktA2SXgieyFWlLOYtjXTnPZSSbEIOe2G06uF372nUrEkvtWzlAYCj2MWMYK1kTqDMRYCD8sVZDf8Rs2tQmRXfRfVG4Yg1/M9Hzo2WqIC1mgNy++DUUIyQWNNOFaq76BUBzmWmhFO56VBpmiKyRSPad/QGAuqgnx57RxeGGUEo0SaijVcqt8nciyUmonQdAqsJ+q3txD/8vqZjvwgZ3GaaRqT1aIo41AncPE6HDFJieYzQzCRzNwKyQRLTLQJqGRC+PoU/k86ru3UbHTjVZreOo4iOAPn4BI4oA6a4Bq0QBsQcAcewBN4thLr0XqxXletBWs9cwp+wHr7BA/Dj2w=</latexit>�

<latexit sha1_base64="LtT91wdFkwh3XRJR1ptJYytGbC0=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZndJJrcAl48RjQPSEKYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3BbHg2mD84WTW1jc2t7LbuZ3dvf2D/OFRU0eJoqxBIxGpdkA0E1yyhuFGsHasGAkDwVrB5Grut+6Z0jySd2Yas15IRpIPOSXGSrddmfTzBezicrniFxF2/arn46olZa9Y9KrIc/ECBVih3s+/dwcRTUImDRVE646HY9NLiTKcCjbLdRPNYkInZMQ6lkoSMt1LF6fO0JlVBmgYKVvSoIX6fSIlodbTMLCdITFj/dubi395ncQMK72UyzgxTNLlomEikInQ/G804IpRI6aWEKq4vRXRMVGEGptOzobw9Sn6nzR917tw8U2pUCut4sjCCZzCOXhwCTW4hjo0gMIIHuAJnh3hPDovzuuyNeOsZo7hB5y3T76zjhI=</latexit>⌫

<latexit sha1_base64="tbp/Y5SsAhGmmVD7vrQ1gpeh//U=">AAAB/3icdVDLSgMxFM34rPVVFdy4CRbB1ZBxWu2y6KbLClaFtpZMeqvBzIPkjljGLvwVNy4UcetvuPNvTB+Cih4IHM45l3tzgkRJg4x9OFPTM7Nz87mF/OLS8spqYW391MSpFtAQsYr1ecANKBlBAyUqOE808DBQcBZcHw39sxvQRsbRCfYTaIf8MpI9KThaqVPYvPBbsQ0M57MWwi1mNRgMOoUic9m+xw4qlLll5pfKviXM2/P9MvVcNkKRTFDvFN5b3VikIUQoFDem6bEE2xnXKIWCQb6VGki4uOaX0LQ04iGYdja6f0B3rNKlvVjbFyEdqd8nMh4a0w8Dmww5Xpnf3lD8y2um2Ku0MxklKUIkxot6qaIY02EZtCs1CFR9S7jQ0t5KxRXXXKCtLG9L+Pop/Z+c7rnevls6LhWrh5M6cmSLbJNd4pEDUiU1UicNIsgdeSBP5Nm5dx6dF+d1HJ1yJjMb5Aect08ck5bX</latexit>

3
He

Update on Uncertainties



Nick Rodd  |  Discovering Dark Matter with Indirect Detection 21

Dark matter annihilation flux 
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Update on Uncertainties
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Dark matter annihilation flux 
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Particle Physics

Particle physics factor can be computed to  

Results exist for: wino ([Baumgart, NLR+ 2018], [Beneke+ 2019]), higgsino [Beneke+ 2020], 
quintuplet [Baumgart, NLR+ 2024], all real MDM reps [Baumgart, NLR+ 2026] 

Open questions: spectrum of complex MDM reps  
& impact on higgsino, continuum spectrum for 

𝒪(10%)

Mχ ≫ mW

Update on Uncertainties
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Dark matter annihilation flux 
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Dark matter annihilation flux 
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Common ansatz

Update on Uncertainties
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Dark matter annihilation flux 

Conservative lower bound from 
observations [Hooper 2017] [Baumgart, Bottaro, Redigolo, 

NLR, Slatyer 2026]
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[Hopkins+ 2018] 
[McKeown+ 2022]

FIRE-2

Adiabatic contraction 
[Blumenthal+ 1986]

Strong baryonic feedback

Dark matter annihilation flux 

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]
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Dark matter annihilation flux 

[Hussein+ 2025] 
Use 24 Milky Way analog 

galaxies (4 simulation 
suites) to construct 
uncertainty band

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]

Update on Uncertainties
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Dark matter annihilation flux 

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]
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Dark matter annihilation flux 
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Dominant uncertainty, lower bound exists 

Observational path extremely challenging, unlikely in 10 years 
Simulations far more promising

Update on Uncertainties



Nick Rodd  |  Discovering Dark Matter with Indirect Detection 30

Dark matter annihilation flux 
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[DREAMS, Garcia, 

NLR in prep.]
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Softening length is  
Yet present in FIRE, where 200 pc

400 pc ∼ 2.5∘

From 24 to 1,000 Milky Way like halos

[Kuhlen+ 2013]  offset in Eris 
[Schaller+ 2016] no offset in EAGLE 
[Muru+ 2025] Asphericity in HESTIA

2∘

[DREAMS, Garcia, 
NLR in prep.]

Update on Uncertainties
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CTAO is a distributed across two sites
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Discovery at CTAO

ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

May 2024

LST1
October 2018

LST4 
March 2025

LST3
August 2025

LST2
November 2025

Slide from Masahiro Teshima 
Moriond 16 March 2026

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

December 2024

Slide from Masahiro Teshima 
Moriond 16 March 2026

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

LSTs in October 2025
• Telescope structures and mirror facets are completed.
• We are missing the cameras and cabling for LST2 and LST3
• LST4 is now in commissioning (in drive test).

Slide from Masahiro Teshima 
Moriond 16 March 2026

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA 2031

ETA 2026 (partly)   
/ 2028 (fully)

Midday Configuration

Sunset Configuration

Discovery at CTAO
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CTAO is a distributed across two sites
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ETA October 2026 (mostly) 
2030 (fully)

ETA 2030 
Groundbreaking Dec 2025

Discovery at CTAO
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CTAO-South sensitivity to MDM in 2035
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Points: central estimate of thermal mass 
Band: strongest/lowest limit

 already excluded 
by Fermi? 

Debated, cf. [Safdi, Xu 2025] 
& [Aghaie, Dondarini, 
Marino, Panci 2025]

5

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]

Discovery at CTAO
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Baryonic Feedback

CTAO-South sensitivity to thermal higgsino
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[Abe, Inada, Moulin, 
NLR, Safdi, Xu 2025]

Midday Configuration

Discovery at CTAO
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CTAO-North sensitivity to thermal higgsino
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Sunset Configuration

[Abe, Inada, Moulin, 
NLR, Safdi, Xu 2025]

Discovery at CTAO
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CTAO is a strong probe of thermal TeV scale DM 
Another example: extra dimensions
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[Agashe, Banerjee, Buen-
Abad, Panchal, NLR in prep.]
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Conclusion

Indirect detection could be 
 on the verge of discovery  

NICK RODD   |   Pheno 2026  |   11 May 2026
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Tredecuplet
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n = 13; M¬ = 325+150
°35 TeV

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]
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CTAO-South & SWGO

[NLR, Safdi, Xu 2024]
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CTAO-South vs North
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[Abe, Inada, Moulin, 
NLR, Safdi, Xu 2025]
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Towards Discovery

Based on review of present and future indirect 
detection instruments [Boddy, NLR+ 2022]

HESS already excludes thermal wino

Romulus Thelma Einasto
10°2

10°1

100

hæ
vi

li
m
/h

æ
vi

p
re

d

Thermal wino

Limits from HESS Collaboration appear overstated by 
factor of ~8. Origin unknown, but collaboration aware

[NLR, Safdi, Xu 2024]
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Towards Discovery

CTAO further improves 
energy resolution and 

charged cosmic-ray rejection

Based on review of present and future indirect 
detection instruments [Boddy, NLR+ 2022]



Nick Rodd  |  Discovering Dark Matter with Indirect Detection 53

An Issue with HESS?
HESS data appears inconsistent with expected diffuse emission

[NLR, Safdi, Xu 2024]
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Generic CTAO Sensitivity
CTAO-South sensitivity w/ 5 years of data
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Quintuplet Spectra
M¬ = 13.6 TeV

  
w/ finite energy resolution

χχ → γγ
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EFT Calculations
Dark matter annihilation flux 

Particle Physics

[Baumgart, NLR, 
Slatyer, Vaidya 2024]
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Quintuplet Spectra
M¬ = 13.6 TeV

  
 enhancement to line
χχ → γ + jet

𝒪(1)
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Dark matter annihilation flux 

Particle Physics

[Baumgart, NLR, 
Slatyer, Vaidya 2024]

EFT Calculations
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Quintuplet Spectra
M¬ = 13.6 TeV  

Dominates at low energies
χχ → WW, ZZ, BS
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Dark matter annihilation flux 

Particle Physics

[Baumgart, NLR, 
Slatyer, Vaidya 2024]

EFT Calculations
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 spectrum depends strongly 
on mass
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Dark matter annihilation flux 

Particle Physics

[Baumgart, NLR, 
Slatyer, Vaidya 2024]

EFT Calculations
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Dark matter annihilation flux 

Particle Physics
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Large theory uncertainty on 
the thermal mass window

EFT Calculations

[Baumgart, Bottaro, Redigolo, 
NLR, Slatyer 2026]
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Indirect Detection

[DREAMS, Garcia, 
NLR in prep.]

From 24 to 1,000 Milky Way like halos

Inner 8x8 degrees 
Rotation around the solar circle
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Indirect Detection

[DREAMS, Garcia, 
NLR in prep.]

From 24 to 1,000 Milky Way like halos

Generically off-center 
Elongated along the plane
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