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EWIMP

- ElectroWeakly Interacting Massive Particle
+ Wino or Higgsino in SUSY
 (E)WIMP is good candidate of dark matter

o We can estimate relic density
; o through Boltzmann equation.
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Our model

- Consider Majorana fermonic EWIMP
- SU(2) (2n+1)-plet, U(1) hypercharge is O

- Parameter is only mx (Majorana mass)

1 1 -
§X7“Du>< — —My XX

L = ﬁsm
i 2

[ ( )
( "I e = (=1)"(—io2)n’,

- 3-plet case: wino
\ ( n_ > - 5-plet case: MDM
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Indirect probe

- Look at the radiative correction by EWIMP

EWIMP

EWIMP

 Running of gauge coupling constant
- At proton collider, we can scan center mass energy (\s)

- V§ can be identified by invariant mass of final particles
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Radiative Correctlon

L = Lgn+ QXWMDuX - §mXXX

D, = 8,—igT,W*

‘ integrating out dark matter field
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| -loop calculation

B 1
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[2019, Shigeki Matsumoto, Satoshi
Shirai and Michihisa Takeuchi]
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s 1-loop enough?

Partially not !!

 For non relativistic EWIMP, there might be enhancement
- c¢f. Sommerfeld enhancement of annihilation cross

section for non relativistic WIMP
(2004, Junji Hisano, Shigeki Matsumoto and Mihoko Nojiri )

* We need sum up all orders of diagrams!

Sommerfeld Enhancement for a Yukawa potential

WIMP W WIMP W WIMP W

L SO S S

WIMP W WIMP W WIMP W

(Picuture from Phys.Rev.D88 (2013) 083506 Brando Bellazzini et al.)
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Ea Sy VI eW (of sommerfeld enhancement)

- Suppose EWIMP is much heavier than weak scale

-+ Exchange of massive gauge boson act like long range force.

- For non relativistic EWIMP, loop expansion
does not work well
— |t works as (a/v) expansion, (v is relative velocity)
and if (a/v)>1, higher loop diagram diverge.

- Use non relativistic Schrodinger equation to solve this
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Our case
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EWIMPs are non relativistic here
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There may be the enhancement for the
already extremum region!!
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Calculation

Let’s calculate such diagrams at non relativistic region

q [

EWIMP

SSS

EWIMP

1. Introduce 2-body state ¢(r,x) T
r is relative coordinate of EWIMPs ZTZ |
X IS barycenter coordinate of EWIMPs WE .
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Calculation

2. Write the lagrangian with 2-body state ¢(r,x)

L:Q—body = — [gd@‘f(ﬁ' 1{,)2\/5621’,71:.(.1,‘, ( )+J(10 (O [)2\/_( 2ir nt” ( )
+9Qd¢! (0, 2)2V2e* ™ W) (x) + h. ( / d’r Z oM (7, ) DNR(F
i=0,+,—

DR = 0y + V2/4m + VZ/m — Vi(|7)

Behavior at the origin (r=0) is important

3. Integrate out 2-body state ¢(r,x) and get the result

P)
g Cww

L= La + >

a 2 2 ajv
Wo II(—=D*/m3 )W
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NR radiative correction

After these calculation, we get

H(z) — 3 _1 5 (hm dgo(y;a:)) 0

8tn3—n  \y—=0 dy

Here, go(y;X) Is the solution of this Schrodinger eq.

d? | |
vl Vow)| go(ysz) = (E+i€")go(y; )
Potential term Kinetic energy of EWIMPs
o Qy m. - B
i) = -5 -Zep(-15y)  E= a2
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Radiative correction Re[I1(x)]
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Numerical calculation
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Because there is uncertainty of
renormalization constant for W, W,
we need to match 1-loop calculation
and NR calculation by hand.
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Why vs/m=1.97

* 1-loop calculation is valid at (v is relative velocity)
- NR calculation is valid at

+ Choose somewhere at for matching.

+ Still uncertainty of O(a?) remains.
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These arguments are based on [1997, A,H,Hoang]
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Bound state

\ * Divergence from bound state
_ + Very close to the threshold
o i N With the resolution of LHC

0.04
g 0.02+
:‘g —0.02L ~— NRm,=10TeV w
We neglect this, because this 0.4 1 | x
. . -0.0006 -0.0004 -0.0002 0
ContrIbUte hlgher Order Of Normalized center mass energy \v’?/m,(,—Z
correction.
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Result

Event number (SM) Deviation from SM
PP — e*e at 300fb’ 3-plet and 5-plet case
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Conclusion

- Indirect probe is useful for the test of EWIMP

* NR effect is non negligible for SU(2) multiplet EWIMP

* The resolution of the detector is also important for
iIndirect probe
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