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Wimp miracle
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Effective theory

SM + two weak-doublet fermions: H̃u, H̃d , with Dirac mass µ.

Splittings:

UV contribution

L5 =
c1
Λ

(H†H̃u)(H†H̃u) +
c2
Λ

(εHH̃d)(εHH̃d)

+
d

Λ

[
(H†H̃u)(εHH̃d) + (H†H̃d)(εHH̃u)

]
where (εXY ) ≡ εαβXαYβ .
Nagata and Shirai, 1410.4549.

IR contribution

χ±/0

Z/γ

δ+ ∼ α
2mZ = O(300 MeV)

Thomas and Wells, hep-ph/9804359

χ0
1

χ0
2

χ±

mχ

∆0

∆+

“Pure higgsinos”= pseudo-dirac

Small splittings, ∆+, ∆0 � mχ.

COMPRESSED SPECTRUM
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Higgsinos at hadron colliders
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σ ∼ α2
w

αx

Decay by-products below threshold.
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Higgsinos at hadron colliders
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Higgsinos at hadron colliders
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Current Limits
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MET shapes
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Reach in Monojet
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Reach in VBF
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VBF less sensitive than other channels. 11



Decays
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Decay width of charged component strongly sensitive to splitting.

For electroweak splitting, decays mainly to soft pion with pT below

threshold for detection, with cτ ∼ 10 mm.
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Disappearing charged track

ATLAS inner tracker
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Disappearing charged track

ATLAS inner tracker
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Disappearing track kinematics

χ boost is crucial.

Conventional dark matter searches based on pT of radiated jet.
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Move away from jet pT/MET-based searches?
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Alternatives?

Hard (large-momentum) charged track?

Rate of energy loss?

dE
dx ∝ 1− 1

β2 log
2mec

2β2

I(1−β2)
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Track-based (TB) analysis

TB Central

- pT ,tr ≥ 1 TeV

- 0 ≤ |η| ≤ 2

- 10 cm ≤ rtr ≤ 65 cm
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Central TB analysis gives 2-fold enhancement in number of signal

events
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FCC-hh kinematics
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FCC-hh track-based
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FCC-hh projection: track-based analysis

500 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass mχ (GeV)

2

5

10

20

cτ
(m

m
)

L=
3000

fb
−

1,
p

T
,t

r ≥
3

TeV
,
0≤

|η|≤
2

1

520

100250

500
900

Number of charged tracks in FCC-hh central TB analysis

500 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass mχ (GeV)

2

5

10

20

cτ
(m

m
)

L=
3000

fb
−

1,
pt

r ≥
8

TeV
,
2≤

|η|≤
4

1

520

100

1000500
0

Number of charged tracks in FCC-hh forward TB analysis

500 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass mχ (GeV)

1

2

5

10

20

cτ
(m

m
)

L=
3000

fb
−

1,
p

T
,j

1 ,
/E

T
,p

T
,t

r ≥
1

TeV
,
0≤

|η|≤
2

1

10

50

200
5001000

Number of events and FCC-hh sensitivity @ r=10cm

2σ limit
5σ limit

Each track-based analysis yields

∼ 4-fold increase in number of

events over conventional analysis
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Monojet[+SL], 3ab-1
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VBF cuts

Cut
14 TeV 100 TeV

njet 2 2

|η(j)| 5 7

pT (jtag) (GeV) 45 50

∆η(j1, j2) 3.75 4.25

∆φ(j1, j2) 2 3

M(j1, j2) (TeV) 1 5

Emiss
T (GeV) 400 – 700 1100 – 2500

pT (jveto) (GeV) 45 50

pT (e, µ) (GeV) 20 20

pT (τ) (GeV) 30 40

η(e) 2.5 2.5

η(µ) 2.1 2.1

η(τ) 2.3 2.3



Summary of Cuts

LHC14-HL FCC-hh

Conventional TB Central Conventional TB Central TB Forward

lepton veto X X X X X

pT ,j1 (GeV) 150 1000

Emiss
T (GeV) 150 1000

∆φ
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T
min 1.5 1.5

pT ,tr (GeV) 350 1000 1000 3000

ptr (GeV) 8000

|ηtr| (0.1, 2) (0.1, 2) (0, 2) (0, 2) (2, 4)

ltr (cm) r =(10, 65) r =(10, 65) r =(10, 65) r =(10, 65) z =(45, 70)



Effect of pT/MET cuts
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