
David Curtin, Kaustubh Deshpande, Oliver Fischer, JZ, [arXiv 1709.nweek]

LHeC	and	FCC-eh	Workshop,	CERN	11.09.2017	

José Francisco Zurita 

Institut für Kernphysik (IKP) and Institut für Theoretische 
Teilchen Physik (TTP), Karlsruher Institut für Technologie (KIT).

Searches for EWK SUSY particles
(New Physics Opportunities for Long-Lived Particles at e-p Colliders)



Long-lived particles (LLPs)
• LLPs: BSM states with macroscopic lifetimes (ns), theoretically well motivated.

• I will focus here on two examples:

1.SUSY EWK: pure Higgsino (SU(2) doublet) scenario, mχ < 1.1 TeV from relic density, 
mχ+ - mχ0 ∈ [298-344] MeV and cτ ~ 6-19 mm.

• Mass reach for LHC (FCC-hh):  
 
   i) Mono-jet: 250 (600) GeV.  
  
   ii) Disappearing tracks: 200-370  
      (1000-1400) GeV, depending on  
       tracker improvements.

• At hadron colliders χ+        χ0 π+ (the pion is always lost!)  

2.Exotic Higgs decays H     XX    ff ff (X=LLP, f=SM fermions)

• Γ(H) dominated by yb ~ 0.02: tiny BSM couplings give rise to large exotic BRs.

• LLPs coming from the Higgs can be the smoking gun of hidden valley, neutral 
naturalness, WIMP baryogenesis, heavy neutrinos, etc 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Displaced objects at e-p colliders
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• (A) Hard jet, pTj > 20 GeV,  |ηj| < 4.7: identifies the PV and provides trigger.

• (B) 1 charged particle (π,μ) is displaced if the charged track has impact parameter > rmin

• (C) 2+ Charged particles (a,a) give a displaced vertex (DV) if d(PV,DV) > rmin 

Now rmin = 40 μm. 
(aggressive? lower?)

• Charged track: pT > 100 MeV, 100% reconstruction efficiency.  
(corresponds to O(0.5m) curvature in a 3.5 T field)



e-p phenomenology
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Higgsino cross sections@ FCC-eh
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Higgsino cross sections@ LHeC

σ(e p -> H(125) -> X X), assuming BR(H->XX = 1 %):

LHeC: 1 fb

FCC-eh(60): 3.4 fb

FCC-eh(240): 10 fb

We take (e/GeV,p/TeV) energies to be: (60,7) [LHeC],  (60,50) [FCC-eh(60)]  (240,50) [FCC-eh(240)]

[The latter option uses the highest achievable e-beams discussed for FCC-ee]



Higgsinos @ LHeC
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Reach plot for LHeC, displaced pion search

N(obs) = 4, # 1+ DP events

N(obs) = 10, # 1+ DP events

N(obs) = 4, # 2 DP events

N(obs) = 10, # 2 DP events

LHeC can compete with LHC 
monojet and disappearing tracks!

L=1 ab-1 



Higgsinos @ FCC-eh (60)
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Reach plot for FCC-eh (60 GeV e-), displaced pion search

N(obs) = 4, # 1+ DP events

N(obs) = 10, # 1+ DP events

N(obs) = 4, # 2 DP events

N(obs) = 10, # 2 DP events

Reach extended to ~ 600 GeV (not shown): 
comparable with FCC mono jet 

L=1 ab-1 
Higgsino



Higgsinos @ FCC-eh (240)
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Reach plot for FCC-eh (240 GeV e-), displaced pion search

N(obs) = 4, # 1+ DP events

N(obs) = 10, # 1+ DP events

N(obs) = 4, # 2 DP events

N(obs) = 10, # 2 DP events

Even larger Ee or more lumi required to  
probe relic preferred 1.1 TeV mass

L=1 ab-1 



Exotic Higgs decays
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Figure 9. Projected sensitivities of the displaced decay searches listed in Table 4, expressed model-
independently as limits on the exotic Higgs decay branching ratio Br(h ! XX) as a function of the proper
lifetime c⌧ of X, for mX = 30 GeV. Zero background is assumed, which is not likely to be realistic for the
HCAL search. Decreasing (increasing) mX shifts the curves slightly to the left (right).

At the HL-LHC, the most coverage is achieved by looking for one DV in association with a
lepton. For lighter glueballs, jets + one DV or two DVs in the muon system provide additional
coverage. The jets + one DV search could additionally cover much of the same parameter space as
the lepton + one DV search if DV reconstruction down to r

min

= 50 µm was possible for that search
as well. Overall, the HL-LHC should be able to probe uncolored naturalness via Higgs to glueball
decay with top partner masses up to about a TeV for a wide range of theoretically motivated glueball
masses.

The reach at the 14 TeV LHC with only 300 fb

�1 can be easily read off from Fig. 8 by shifting the
exclusions one log

10

 contour inwards, corresponding to a factor of 10 reduction in signal compared
to the HL-LHC. Most of the glueball masses are covered, and top partners up to 500 - 700 GeV can
be probed, though the lepton + one DV search looses sensitivity for m

0

⇠ 60 GeV,mTP ⇠ 200 GeV.
The 100 TeV results are meant to be illustrative only, since the assumptions we used are driven

by the limitations of present-day experiments. By the time the next collider is built, it is likely that
full track reconstruction can be used for low-level triggering, if triggering is needed at all. Displaced
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e-p vs p-p reach:

• cτ down to μm (mm) for 
hadronic decays.

• Comparable BR exclusion 
for cτ < m.

Curtin, Deshpande,Fischer, JZ, [arXiv 1709.nweek]



Conclusions
• In an e-p collider the advantages: less (and less complicated) backgrounds, no pile-up, 
excellent reconstruction efficiency, etc can overcome the low rates.

•I discussed two examples of LLPs at e-p colliders: Higgsino and Higgs rare decays.

• Higgsinos: We studied the displaced pion signature, which is exclusive of e-p colliders  
   (I can not imagine doing it at a hadron collider!): 

•Mass reach are comparable for LHC vs LHeC and FCC vs FCC-eh. 
•Moreover, an e-p collider could measure cτ, Δ (not possible @ pp colliders!)

• Exotic Higgs (125) decays: focus on displaced vertexes. No novel signature here, but 
much lower lifetimes can be efficiently covered. Comparable reach on exotic branching 
ratios ( LHC vs LHeC and FCC vs FCC-eh).

• e-p collider can definitely win when the signal is too heavy for ee, and “impossible”  
at pp colliders. Road paved with interesting opportunities just ahead!

•Input is most welcome! (how crazy are we / our assumptions?)


