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Motivation. Spectral y-ray lines

e Spectral-line feature in
gamma rays — very
promising prediction for
indirect DM detection
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Motivation. Sommerfeld effect
for exclusive annihilation

Two facts, one problem

‘# mg << My is generically required ! » expect large

| Sudakov logarithms!!
l A% final state is exclusive
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The wino-like/MDM triplet
model

Beneke et al
arXiv:1601.04718
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Fixed-order NLO calculation for
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Fixed-order NLO calculation for

g Standard solution: resum all ladder-like
diagrams
0
\_
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Sommerfeld enhancement
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Fixed-order NLO calculation for
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Fixed-order NLO calculation for
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Fixed-order NLO calculation for

g Standard solution: resum soft virtual and )

real emissions of the form

_} Renormalization group egs.
in a (soft collinear) effective theory
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Soft-collinear effective theory
(SCET)
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SCET. Momentum regions

Expand the loop integral

1
Lun _I / D q? —m2 (¢ +10)?(q +po — k)*(q — po)?

as the sum

where the variable momentum is expanded (at leading order in the mw/m expansion)
qp NmX(17171) ds wa(l,l,l)

k2<<m§<

Ghc ™ (mW,mX, \/mme) dpe ™ (mx7mW7 \/mme)

[ Light-.COne q = q.n —|— qET_L _|_ qg| — (QC) de, 4 1 )]

coordinates
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SCET. Roadmap to factorization

Interpret each expansion as a Feynman diagram of the SCET

Factorization

Wilson
only depend on m
@ — >.< coefficients yeep X

s’ — >< >< Soft only depend on mw
>< otc functions

Jet ideally would
functions only depend on mw

2
|
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SCET. Roadmap to factorization

Interpret each expansion as a Feynman diagram of the SCET

-

Breakdown of the factorization
can be cured by introducing a regulator

e. g. rapidity regulator:

\Factorization
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Factorization theorem. Exclusive
Wino yy—y+X annihilation

Sommerfeld matrix
I, J = (x0x0) or (x+x-)
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Factorization theorem. Exclusive
Wino yy—y+X annihilation
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Factorization theorem. Exclusive
Wino yy—y+X annihilation

d(O"Ure])
i, > S1sTr(E,)

Wilson coefficients
(after RGE resummation)

=

Lri(Ey) = A 7 Z Z C; (MW)Ci(NW)D‘?J,XY(waVs)DI,VW(MW, Vs)
Xii=12 V,W.X)Y

< V(uw,vs,v5) Zy Y /deXV(‘lmx(mx—Ew—w)auw»Vj)Sv(w)
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Factorization theorem. Exclusive
Wino yy—y+X annihilation

d(O"Ure])
i, > S1sTr(E,)

Soft functions
(also require rapidity regulator)

™

Lri(Ey) = A 7 Z Z C; (MW)Ci(NW)D‘?J,XY(waVs)DI,VW(MW, Vs)
Xii=12 V,W.X)Y
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Factorization theorem. Exclusive
Wino yy—y+X annihilation

d(()"l}re])
i, > S1sTr(E,)

Lri(Ey) = A 7 Z Z C; (MW)Ci(NW)D‘?],XY(MwaVs)DI,VW(MW,Vs)
Xii=12 V,W.X)Y
< V(uw,vs,v5) Zy Y /dw JEY (dmy (my = By — w), pw, V5) Sy (w)

N\

Rapidity regulator RGE matrix
(resums those logs that break factorization)
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Factorization theorem. Exclusive
Wino yy—y+X annihilation

d(O"Ure])
TN > S1sTr(E,)

Lri(Ey) = A 7 Z Z C; (MW)Ci(NW)D‘?J,XY(waVs)DI,VW(MW, Vs)
Xii=12 V,W.X)Y

< V(pw,vs,v) Zy " [ dw J*Y (dmy (my — By — w), pw, v5) Sy (w)
Ve
Ultrasoft function

Jet functions
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Jet function
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Predicted cross section
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Effect of the Sudakov
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resummation
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What | did not mention

e Operator basis
e Subtleties as to the EW renormalization
e Prescription to take into account the light fermion masses, etc.
e Poorer energy resolutions of gamma-ray telescopes
e Prospects with the Cerenkov Telescope Array (CTA)

e Further annihilation channels

More papers coming soon!
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Conclusions

e Radiative corrections relevant for indirect TeV-scale DM detection
are typically very large

e Used the SCET approach to account for large Sudakov logarithms
e Not that easy! e.g. need to introduce rapidity regulator

e Obtained factorization formula that is valid at all orders in
perturbation theory

e Theoretical uncertainties are reduced to an unprecedented level

e Follow-up papers to come!
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Soft-collinear effective theory

+ >< N >< ,  Power-suppressed
‘ corrections
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LL Resummation alpha®n Log”(n+1)
NLL Resummation alpha®n Log”(n+1)+alpha”n Log”™n
NLL-> NLL + NLO

NNLL also possible provided the anomalous dimension of
the relevant operators is known



