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The effective approach

TENTATIVO DI UNA TEORLA DEI RAGGE

First approach used bv Fermi® in 1933 to explain the f

decay well before the discovery of neutral/charged
currents i 19%3. This was valid at the enerqgies reachable
ab this time (much below the GeV scale)

1 : "Tentativo di una teoria dei ragqgi B", Ricerca Scientifica, 1933



The effective approach

TENTATIVO DI UNA TEORLA DEI RAGGE

First approach used bv Fermi! in 1933 to explain the f

decay well before the discovery of neutral/charged
currents i 19%3. This was valid at the enerqgies reachable
ab this time (much below the GeV scale)

1 : "Tentativo di una teoria dei ragqgi B", Ricerca Scientifica, 1933



The effective approach a[@pi&ed to dark matter interaction




The effective approach appi&ed to dark matter interaction

annihilation (ov) direct detection [A,vg
9 Xxdd x g*v” [xx: =1, L=1
9 X7 X4 2 O]

: NS T
ST g = (20 d) % povy
0 ()

0 w7

.

i Vo]
x g A? x [V (q)
° 0 [ (vg)?]
0 [ox (v8)?]
0 [ox (v§)*(vg)?]

1

9= - (Effective approach)




The effective approach appi&ed to dark matter interaction

Scalar interackion

(Higgs portal) ¥

“operator

oD SEVIEAI0
Gk 0 [ ()]

0> o)

; 0 T (g ()

ST g x (24 % d) % s

5
5
g XY XTYuY g 0 [ox (vd)?]
g XYY XTVuq 0 [ox (vg)?]
9 XYY XG4 : SD x ¢ x (A —2Z)*

1

9= - (Effective approach)




The effective approach appi&ed to dark matter interaction

Scalar interackion

(Higgs portal) ¥

_operator annihilation (ov) direct detection [A,vo]
9 XX0q_D x g%v? [xx: S=1, L=1] SI x g% A% x N (q)

0 o< (vg)?]
0 o< (vg)”]
0 [oc (vg)*(vp)”]

i

gy
gt

AN/ ool

fa ) o o : o @ o n 1 o |y = -l
Pseuadoscalar ual LOW

{
{

/

{xr‘\, é:;é:{.’.,’w,(,\wg,g_‘_gi{ J{J,;

ST 7 x @utd) < o
x g° 0 [oc (vg)?]
0 < ()’
SD x g% x (A —2Z)?

1

9= - (Effective approach)




The effective approach applied to dark matter interaction

Scalar interaction
(Higgs Poﬂ:&l) Ve

“operator direct detection (A

ot 3 e SLox g2 A% x
Pseudoscalar interaction e — [XX Og[oc( )J;] (@)

(A exchange SUSY) -

0 [O< (Uo) (Uo) |

Vectorial interaction £ [o< ( )2]
(v /7' exchange) G SD x o2 % (A — 22’

1

9= - (Effective approach)




The effective approach applied to dark matter interaction

Scalar interaction
(Higgs Poﬂ:&l) Ve

“operator direct detection (A

ot 3 e SLox g2 A% x
Pseudoscalar interaction e — [XX Og[oc( )J;] (@)

(A exchange SUSY) €
Vectorial interaction 4
(v 77’ exchange)

Axial interaction &
(Z/2' exchange)

& 7 '
2

1

9= - (Effective approach)

e



The effective approach applied to dark matter interaction

Scalar interaction
(Higgs Poﬂ:at) Ve

~operaio iroct detection (A
. " 9 XXT9D ST x g2A% x fN(q
?SeudOSCQLQr LM&QVQCELOM T —— 2. 2 5y hf O [O(( )2] ( )

A exchange SUSY) €- FBeTa ' - ,

( 3 ) q ’ O[OC(UO) (Uo)]
Vectorial interaction 4

(v /7' exchange)

Axtal interaction X

(Z/2' exchange)
DM Produc&totn at LHC

P 9 (complemev\hrt&g)
9= --35; (E:Hetlzi.ve apprcack) (Sjv\é\'sj)
A (mulkti-wavelength)

e



The effective approach appi&ed to dark matter interaction

Scalar interaction
(Higqs PorEal) -

_operator direct detection [A,vy)

4 , g XYXTq D x 92112 [XX S= 1 L 1] SI < g?A% x fV(q)
Pseucoscalof MR ] B[] Ofc(wg)]
f A exchange SUSY) _ _
9 XX SIO<9 x QU+d)><Pqu
Vectorial interaction 4 2 xg”

(v 77’ exchange) R “A SD x g2 x (A 27)?

Axtal interaction K

(Z/2' exchange)
DM ) V gkion at LHC

/ 9 (d . ‘.&
q= =--3-=2 (Effective approach) (Sjg C{ @?
A (mulbi-waveirc * A

4



Limits of the effective theory approach




Limits of the effective theory approach

Is it allowed to compute production rates at LHC
1 with 14 TeV CoM energy ?
A* No if the effective BSM scale is below ~3 TeV (pole
effects of o s—channel mediator increase largely the
DM production [B. Zaldivar kalic])
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Is it allowed to compute production rates at LHC
1 with 14 TeV CoM energy ?
A* No if the effective BSM scale is below ~3 TeV (pole
effects of o s—channel mediator increase largely the
DM production [B. Zaldivar kalic])

A Eypicad. exaumpi.e . the darke matter Literature is the
Lee-Weinberg bound
that was over used some time ago (M, > 2-4 GeV),

This bound is coming from the approximation
<0 v>»™ (G MR > 100 GeV? [WMAP]

This is not valid ahymore I microscopic models, near the
pole or if exchanging a Light scalar/2'... (Ge -> G'¢)
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Tendencies:
Large gusible is strongly constrained by LHC
Large guidden is strongly constrained by DD experiments

Small guisible ANA Guidden are strongly constrained by WMAP (overabundance)
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The Z’ case
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Excluded because small dark coupling gp
=> 2/ produted abumdamﬁtj ok LHC:
this gives a LOWER bound on DD cross seckion
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Is the dark* o&&e.r thermal?
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We can play the same game to constraint the thermal cross section
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