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Talk skeleton  

• DM paradigm 

• Effective theory & hierarchy 

• Fermion mediators & the neutrino portal scenario:  

o Relic abundance 

o Direct detection 

o Simple UV completion 

• UV completion 

• End matters 
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DM paradigm 

The Universe 

SM (~4%)

DM (~23%)

DE (~73%)

Assumptions: 
  

• standard & dark sectors interact 
via the exchange of heavy 
mediators 

 

• DM stabilized against decay by 
some symmetry GDM 

 

• SM  particles: GDM singlets 
 

• Dark particles: GSM singlets 
 

• Weak coupling 
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Effective theory of DM-SM  
interactions 

Within the paradigm: 

 

 

 

 

Leading interactions: 

 Lowest dimension (smallest M suppression) 

 Tree generated (no loop suppression factor) 

 

 

 

Le® »
1

Mk
OSM £ODM

Mediator mass 

OSM ODM mediator 

Depends on the 
mediator type 
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Leading interactions (dim ≤ 6) 

dim: category

4 I jÁj2(©y©)

5

II jÁj2 ¹ªª jÁj2©3

III ( ¹ª©)(ÁT ²`)

IV B¹ºX
¹º© B¹º

¹ª¾¹ºª

6

V jÁj2O(4)

dark ©2O(4)

SM

VI (¹ª©2)(ÁT ²`) ( ¹ª©)=@(ÁT ²`)

VII JSM:Jdark

VIII B¹ºO(4)¹º

dark

Higgs portal 

º portal 

© : dark scalar

ª : dark fermion

Á : SM scalar doublet

` : SM lepton doublet
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Where: 

 

 

 

 

 

and 

 

ODM, SM = operators of dimension 4 

J
(Ã)¹

SM = ¹Ã°¹Ã ; J
(Á)¹

SM = 1
2i

Áy
$
D¹ Á ;

J
(L;R)¹

dark = ¹ª°¹PL;Rª J
(©)¹

dark = 1
2i
©y

$
D¹ ©

J(Á)
¹ ¾ v2 Z¹ 
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Simplifications: 

• Scalar or fermions mediators 

• Leading observable effects (≤ 1 loops) 

dim: category

5
II jÁj2 ¹ªª

III ( ¹ª©)(ÁT ²`)

6
V O(6)

r 2 fjÁj2 ¹ª©ª0; jÁj2X2
¹º ; ©2 ¹Ã'Ã0; ©2B2

¹º ; ©2(W I
¹º)

2g

VII J
(i)

SM ¢ J
(a)

dark (i = `; Á; a = ©; L; R)
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Effective Lagrangian 
Integrate all modes with energies > ¤ =! (mediator) mass 

 

 

 

 

Tree generated: from integrating the ! 

 

Loop-generated from integrating out 

• Dark modes with energies > ¤ 

• SM modes with energies > ¤ 

• The mediators 

 

 

L(!)e® = LSM+Ldark + cIjÁj2j©j2 +L(!¡tree) +L(!¡loop)
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Neutrino portal scenario 
• Dark sector: at least © & ª 

• GDM: just about anything; © & ª transform in the same way 

• Fermion mediators (Dirac): F 
 

 

 

   

L(F¡tree) =
cIII

¤
(¹ª©)(~Áy`) + ¢ ¢ ¢

L(F¡loop) =
cII

16¼2¤
jÁj2 ¹ªª+

X

a=` Á; i=L;R;©

c
(aji)
VII

(4¼¤)2

³
J
(a)

SM ¢ J
(i)

dark

´

+
X0

r

cr
V

(4¼¤)2
O(6)
r + ¢ ¢ ¢

Relic abundance 
Indirect detection 

Relic ab. (if mª ~ mH/2) 
Dir. detection (H exch) 

Relic ab. (if mª ~ mZ/2) 
Dir. detection (Z exch) 
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Assume: m© > mª  ) all ©’s have decayed: fermionic DM. 

 

 

 

   

 

 

 

 

 

[If  m© < mª   © = DM … like the Higgs portal scenario] 

(¹̀~Á)(©yª)! vp
2
¹ºL©

yª

ª 

© 

º 
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Relic abundance 
Main processes (Z and H exchanges: 1 loop )  important on resonance) 
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Constraint: ­Planckh
2 = 0:1198§ 0:0026 (3¾)

¤e® =

s
1 +

m2
©

m2
ª

¤

cIII
'
r

m­

mª

TeV; m­ ' 74GeV (non-resonant region)



9.2015 JW - Ustron 2015 13 

Direct detection 
Main processes Z and H exchanges: 1 loop )  naturally suppressed 

 

L(F¡loop) ¾ vcII

16¼2¤
H ¹ªª¡ g

2cw

v2

16¼2¤2
¹ª=Z

³
c
(ÁjL)
VII PL + c

(ÁjR)
VII PR

´
ª
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Indirect detection 
• No significant gg signal 

• Interesting ºº monochromatic signal @ E = mª 

• Not enough experimental sensitivity  
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UV completion 
 

 

Add neutral Dirac fermions F to the SM: 

 

 

 

 

Mass eigentsates: nL (mass = 0), and N  (mass = M) 

 

 
 

 

 

 

L = ¹̀i =D`+ ¹ª(i=@ ¡mª)ª+ ¹F(i=@ ¡ ~M)F + j@©j2 ¡m2
©j©j2

+
³
¹̀Y (e)eÁ + ¹̀Y (º)F ~Á+ ¹ª~zF©+H:c

´

N = CNL

1p
1 + ²²y

(FL + ²ºL) + CNRFR]

nL = Cn

1p
1 + ²y²

¡
ºL ¡ ²yFL

¢

² = ¡ 1

M
Vº¹

vp
2
Y (º) = UºVº¹Vyº Ci; Uº ; Vº = unitary

~ inverse see-saw 

L is conserved 

º masses are NOT / Y(º) 

http://www.google.es/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMIoa3AqcnnxwIVRDsaCh0dNgtb&url=http://likesuccess.com/dictionary/completion/&psig=AFQjCNELEzxj_ggkCwa4bLOUb--m_DSeYA&ust=1441806345136502
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Effective couplings (one mediator): 

 

 

 

 

 

Where ¤ = M 

L(F¡loop) ¾ vcII

16¼2¤
H ¹ªª¡ g

2cw

v2

16¼2¤2
¹ª=Z

³
c
(ÁjL)
VII PL + c

(ÁjR)
VII PR

´
ª

L(F¡tree) ¾ cIII

¤
(¹ª©)(~Áy`)

cIII =

p
2¹z

v

cII = ¡
·
c2
III
+ 2z2cI ln

µ
¤

m©

¶¸
c
(ÁjL)
VII =

1

2
c2
III

c
(ÁjR)
VII =

1

2
c2
III
ln

µ
¤

m©

¶

© Á 

F ª ` 
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Modification to SM couplings 

W : ¡ gp
2
¹nL³nUPMNS =WeL ³2n = 1¡ ±2n = Cy

n

1

1 + ²y²
Cn = diagonal

Z : ¡ g

2cw
¹nL³2n =ZnL

H : ¡H

v

·
¹NR

µ
C
y
NR

M
²²yp
1 + ²²y

CNL

¶
NL + ¹NR

³
C
y
NR

M²Cn³n

´
nL +H:c:

¸

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLWWiofL58cCFUFVGgodtwMABQ&url=http://ecoopportunity.net/2015/03/its-the-little-guys-who-are-the-real-change-agents-towards-sustainability/&psig=AFQjCNF7yX5W2ocWfekFQaE4CFyUi4aQUw&ust=1441806796216531
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Best limits 

 

 

 

(¿ ! ¹ºº, eºº; ¼ ! ¹º: weaker limits) 

 

 

 

Tension with relic abundance:  

¾ / |z|2  d2 

work in progress … 

¢¡(Z ! inv)

¡(Z ! inv)
=

2

3
(±2e + ±2¹ + ±2¿ ) < 0:009 (3¾) ) ±e; ¹; ¿ < 0:014 (3¾)

M > 10Y (º)TeV (roughly)

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMGl2uzK58cCFQS2Ggod20kHew&url=http://www.clipartpanda.com/categories/stop-sign-clipart-black-and-white&bvm=bv.102022582,d.d2s&psig=AFQjCNEY_s96JZvzNUSqsauqITTY8xVpIQ&ust=1441806744832953


9.2015 JW - Ustron 2015 19 

 

Neutrino masses: add a small Majorana mass for the F: 

 

 

 

 

LMaj: = ¡
³
FTC ~MF

´
+H:c

= ¡nTLCMMajnL + ¢ ¢ ¢ ; MMaj =

µ
1p

1 + ²²y
²

¶T
~M
µ

1p
1 + ²²y

²

¶

MMaj » 3£ 10¡4 ~M (roughly)

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIW7ocDK58cCFchAGgodeasEGQ&url=http://rplaga.tripod.com/majorana/majorana.html&psig=AFQjCNF-oh-Lczj-EoIKUuQMjYrutrHdfg&ust=1441806623453350
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End matters 
• Neutrino portal scenario works quite well, but difficult to confirm. 

• The clearest signature: monochromatic neutrino line 

 

 

 

• Collider constraints mainly from H and Z invisible widths 

• DM-assisted LNV 

 

• Other possible dark-standard interactions besides Higgs and neutrino 
portals might also be of interest 

http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIOWi9ii9scCFcs3FAod_7MDig&url=http%3A%2F%2Ftheadvertisermonthly.co.uk%2Fwork-in-progress%2F&psig=AFQjCNErII-p8g7JsHulBxsfQVk0cam0oA&ust=1442311355127571

