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Which WIMP?

● EW interaction sets abundance: M only parameter
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Which WIMP?

● EW interaction sets abundance: M only parameter
● DM neutral component of generic SU(2) n-plet:

 

● DD bounds no Z coupling:
○ odd n: Y=0 (real) 
○ even n, Y=½ , 1 : needs UV physics (mixing partner)
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● Real odd-plets SPECIAL: IR physics 
independent on completion

● Computability: (perturbative unitarity) ⇒n≤13
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Thermal target results
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30-ish TeV 
collider might 

probe them
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Thermal target results

3

Need > 60 
TeV 

collider!
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WIMPs @ high energy lepton colliders

Why high energy lepton colliders?

● EW nature of signal : high energy lepton collider as 

“EW bosons collider”
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WIMPs @ high energy lepton colliders

Why high energy lepton colliders?

● EW nature of signal : high energy lepton collider as 

“EW bosons collider”

● Clean environment: full event reconstruction 

(Missing mass,...)

● More energy in hard cross section: needed since 

WIMPs are heavy
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How to detect WIMPs @ Muon Collider?

5

Han et al. 2009.11287

● Recoils against invisible objects: Mono-X,Di-X

        (monoƔ, monoW, monoZ, DiƔ, DiW, monoμ, Diμ)

 

                    

Bottaro, MC et al. 
2107.09688  
2205.04486
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How to detect WIMPs @ Muon Collider?
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Han et al. 2009.11287

Recast of Capdevilla et al.     
2102.11292

Bottaro, MC et al. 
2107.09688  
2205.04486

● Recoils against invisible objects: Mono-X,Di-X

        (monoƔ, monoW, monoZ, DiƔ, DiW, monoμ, Diμ)

● Tracks: (1 or 2 “stub” tracks, “long” tracks)
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How to detect WIMPs @ Muon Collider?

5

Han et al. 2009.11287

Recast of Capdevilla et al.     
2102.11292

Bottaro, MC et al. 
2107.09688  
2205.04486

● Recoils against invisible objects: Mono-X,Di-X

        (monoƔ, monoW, monoZ, DiƔ, DiW, monoμ, Diμ)

● Tracks: (1 or 2 “stub” tracks, “long” tracks)

● Resonances: Bound States 

                    

Bottaro et al. 2103.12766
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Missing Mass search example: mono-Ɣ
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Bkg
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More missing energy

invisible

ISR



M.Costa (SNS and INFN Pisa), Planck2022                                      EW WIMPs at future lepton colliders

Missing Mass search example: mono-Ɣ
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ISR
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Bkg

More central
More missing energy
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Mono-V
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Ɣ
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DY DY
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Bkg
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Lumi vs Energy (Mono-W)
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2𝝈: 12 TeV 2𝝈: 35 TeV

ϵ=0%30F 50F
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Lumi vs Energy (Mono-W)
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ϵ=0%

2𝝈: 7 TeV 2𝝈: 9 TeV

21/2F 31F
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Tracks

9

Sig

Bkg BIB hits reconstructed as tracks + Ɣ

+ Ɣ

invisible

1 or 2 Disappearing (“stub”)

Disappearing condition: 
decay between 5 cm and 12.7 cm
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Tracks

9

Sig

Bkg BIB hits reconstructed as tracks + Ɣ

+ Ɣ

invisible

1 or 2 Disappearing (“stub“)

??

Charged (“long”)

Disappearing condition: 
decay between 5 cm and 12.7 cm

Long Track condition: 
decay after 1m
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Understanding Lifetimes
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Understanding Lifetimes
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gauge
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Understanding Lifetimes

10

Vanishes for real candidates

6 cm n=3

2 cm n=5

gauge UV
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DT Real WIMPs
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2𝝈: 35 TeV...2𝝈: 6 TeV

ϵ=0%30F 50F
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Complex DT: 21/2, 31
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(neglecting  δm0) EW splitting TOO PROMPT2𝝈: 6 TeV probe EW splitting
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Complex WIMPs: 41/2, 51
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ϵ= 0%, 0.1%, 1%

MIM: 41/2 @ ᯈ 12 TeV, 51 needs < 30 TeV. DT (EW) as good
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Scalar Real WIMPs

14

30S (Disappearing Tracks)

2𝝈: 8 TeV3S: DTs only hope
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Scalar Complex WIMPs

15

31S: MIM 2𝝈 14 TeV
41/2S: MIM 2𝝈 30 TeV, DT 14 TeV 

21/2S: DT only hope, 6 TeV (but 
MODEL DEPENDENT)

(EW splitting) (EW splitting)
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Conclusions

● We computed thermal masses (only parameter) for all EW WIMPs
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● mono-X 2𝛔: 21/2F 6 TeV, 30F 12 TeV, 31F 8 TeV, 41/2F 12 TeV, 31S 14 TeV

● DT: robust for reals. 30F 2𝛔 @  6 TeV, 30S @ 8 TeV (only chance)
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Conclusions

● We computed thermal masses (only parameter) for all EW WIMPs

● Only 21/2,41/2, 30,1 50,1 (F,S) kinematically allowed if √s < 30 TeV

● mono-X 2𝛔: 21/2F 6 TeV, 30F 12 TeV, 31F 8 TeV, 41/2F 12 TeV, 31S 14 TeV

● DT: robust for reals. 30F 2𝛔 @  6 TeV, 30S @ 8 TeV (only chance)

● DT: model dependent for complex. Best channel for 21/2S: 2𝛔 @  6 TeV (EW)

● Other: 30 TeV or more
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Thanks for the attention!

34
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Backup
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Han et al.2009.11287

S/B<0.1% LOW!

Missing Mass search example: mono-Ɣ
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Mono-X 

37

ϵ=0%

Han et al. 
2009.11287

Bottaro, MC et al. 2107.09688



M.Costa (SNS and INFN Pisa), Planck2022                                      EW WIMPs at future lepton colliders

Di-V

38

Sig

Bkg

Di-W (same sign)Di-Ɣ

W+W-𝜈𝜈 + mistag

ϵ mistag=0.1%

Exploit high EW charge of signal
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Di-X

39

ϵ=0%

Han et al. 
2009.11287

Bottaro, MC et al. 2107.09688
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Mono-X & Di-X Real results

40

ϵ= 0%, 0.1%, 1%

Mono-X: Mono-W best; S/B<0.1%: need strong pT cuts (E/4-ish)
Di-X: Good for 5; S/B up to 1; robust to ϵ
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DT recast

41

Capdevilla et al. 
2102.11292
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DT Complex WIMPs

42

EW splitting 
TOO PROMPT

2𝝈: 6 TeV probe 
EW splitting (neglecting  δm0)
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Complex DT full reach
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2 charged particles: long lived (solid), short lived (dashed)



M.Costa (SNS and INFN Pisa), Planck2022                                      EW WIMPs at future lepton colliders

50S

44

5S0 (Disappearing Tracks)

2𝝈: hopeless
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Charged Tracks

45

● Signal: energy deposition

● Energy loss 𝛽 dependent

● Need careful bkg estimation

● Longest lived charged particle 

depends on spectrum, which 

depends also on neutral splitting

Minimal splitting scenario
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Mixing: 41/2, 51
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Results: Real WIMPs
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ϵ= 0%, 0.1%, 1%

1DT: Good for 30; For 50 comparable to MIM
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Complex WIMPs: 21/2, 31

48

ϵ= 0%, 0.1%, 1%

21/2:@6 TeV with MIM and DT (EW) 31: 10 TeV only MIM more than enough
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Cuts (Reals)
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Cuts (Complex)
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Collider vs ID/DD

51

recast from Panci et al. 1608.00786
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FCC-hh prospects
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mono-jet DT
Han et al. 

1805.00015
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Indirect collider prospects

Di Luzio et al. 
1810.10993

53

μμ -> ff 
corrections
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Muon channels

54

Sig

Bkg

Han et al. 
2009.11287

Mono-μ

VBF channels

Di-μ
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Mono-μ results
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Good at low mass

Han et al. 
2009.11287
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Bound States (50F only)

56

Peaks in ee cross section

same QN as W’s!
s-channel mixing

Discovery in 1 day of running!

Convoluted with Gaussian beam 
Energy spread

O(1-10 GeV) vs O(0.1-1GeV) widths

Bottaro et al. 2103.12766


