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The MSSM contains an attractive candidate 
of freeze-out DM 
The supersymmetric DM can be tested with  
experiments in various way

DM

DM

SM

SM

CMB/BBN/Cosmic Ray

Pair-production in collider

Direct  
Detections
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Wino

 triplet 

Zero hypercharge 

One charged Dirac 
+ One neutral Majorana

SU(2)L  doublet 

 

One charged Dirac 
+ Two neutral Majorana

SU(2)L

Y = ± 1/2

Higgsino

Today’s discussion
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The charged Wino becomes heavier than the neutral 
one because of EW radiative corrections 
At one-loop level,

W̃+ W̃+

γ/Z

W̃+ W̃ 0

W+

W̃ 0 W̃±

W∓

Charged Wino

Neutral Wino
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The charged Wino can decay into the lighter neutral 
Wino through weak interaction
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The theoretical prediction of the charged Wino decay 
rate is very sensitive to the mass difference
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Collider constraint on the Wino mass strongly 
depends on the rate of the single pion mode

ATLAS Simulation
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Actually in literature the mass difference of SU(2) 
triplet has already been computed in two-loop level!
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[M. Ibe, R. Sato, S. Matsumoto, Phys. Lett. B 721 (2013) 252-260]
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How about EW corrections to the decay process itself?

The Feynman diagram for the pion-Wino system:
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We take the directions of the pion momentum are the same with the charge flow directions.

The Feynman diagrams for the virtual radiative corrections to the Wino decay:
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Here, p, q, r are the four momentum of the corresponding particles. The label of the particle

denotes the particle states for given momenta.

The Feynman diagrams of the real photon emission:
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The labels again show the particle states for given momenta.

1

Scales of the problem
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Is there large contribution such as ? 

How are experimental constraint changed?

log(mχ /mπ)
Question
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Pion’s shift symmetry ensures that the decay amplitude is 
suppressed by Δm
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 enhancement???mχ /Δm

→ Cured by appropriate  
determination of CTs
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EW theory w/ Wino

Four-Fermi theory w/ Wino

ChPT w/ Wino

Match free-quark decay rate 
 @ 1-loopΓ(χ− → χ0 + ū + d)

ℒ = ℒChPT + ℒWino + ℒCT

ℒ = ℒEW + ℒWino

ℒ = ℒFour−Fermi + ℒWino + ℒCT

Match the “current correlator”  
@ 1-loop

Matching procedure à la Descotes-Genon and Moussallam
[S. Descotes-Genon and B. Moussallam, Eur. Phys. J. C 42, 403 (2005)]



 Plan of Talk

16

1. Introduction 

2. Wino Decay and Mass Difference 

3. EW Corrections in Single Pion Mode 

4. Results and Summary



 Single Pion Mode (pure-Wino)

17

<latexit sha1_base64="0sxKndLUamuSaH4wnIwM1nSVNFc="></latexit>

� = �tree

(
1 +

↵

4⇡

"
X

n<0

c(n)
✓
�m

m�

◆n

+ c(log) log
⇣ m�

�m

⌘
+

1X

n=0

c(n)
✓
�m

m�

◆n
#)

Exactly canceled by CT

Canceled between  
various contributions

In total, ~ 0.03



 Single Pion Mode (pure-Wino)

18

5

6

7

8

9

10

11

12

13

c⌧
�

[c
m

]

One-loop decay
Uncertainty from ��m = ±0.3 MeV

Uncertainty from QCD
Tree-level decay

0

2

4

6

8

100 1000 10000

�⌧
�
| N

L
O
/⌧

�
[%

]

m� [GeV]

Apart from uncertainties,  
Wino decay length  
become around 2-7%  
longer, depending on  

Radiative correction  
tends to be a constant 
as  

The 3-loop effect on  
dominates the uncertainty

mχ

mχ → ∞

Δm
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I’m quite heavy

light particle emission

Small recoil energy

should be zero at all order of α
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Higgsino has larger mass difference,  
so various modes should be considered 
Updating the previous work in progress
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We computed the single pion mode at EW one-loop;  
and obtained O(1)% correction with 0.5% th. error 

No  or  enhancement at one-loop level; 

We conjecture that heavy external particles decouple  
from physical quantities at any order,  
although it has not been proofed rigorously 

Higgsino can decay into heavier state due to  
the larger mass difference.  
Stay tuned for our numerical estimate of Higgsino decay!

mχ /Δm log mχ



Back up
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Chargino-neutralino mass matrices
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< mÑ3
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The counterterm contribution to the Wino decay rate 

(Pole of ChPT) + (Finite part of the FF theory’s CT)

Matching with the FF theory

(Pole of ChPT) + (The EW theory’s input parameters)

Matching with the EW theory

Cancels the  enhancementΔm
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The Feynman diagrams for GRW in the ChPT. The tree-level contributions:
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The Feynman diagrams for GRW in QCD. There are no tree-level contributions. At the

one-loop level:
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Here, the double line denotes the QCD current correlator ⇧V V�AA(r � `).

The Feynman diagrams for FVW in the ChPT. The tree-level contributions:
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The Feynman diagrams for FVW in QCD. The tree-level contributions:
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The Feynman diagrams for DVW in the ChPT. The tree-level contributions:
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The Feynman diagrams for FVW in QCD. The tree-level contributions:
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Matching example

In the ChPT w/ Wino:

In the FF theory w/ Wino:

requires
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For this mass difference,  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We have very similar decay process; tau decay
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Extract  
mass distributions

Interpolate 
or  

parametrize 
data
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Experimental data of non-strange spectral functions 
is available up to tau lepton mass squared
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