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WIMP-nucleus elastic scattering

Detector
Crystal

d =|q|=2pv,cos6

2
ER: q/
2m,

Non relativistic WIMP scatters elastically
with nuclei. The recoil of the nucleus
deposits a tiny amount of energy in the
detector: recoil energies are from few to
100 keV
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Neutralino-nucleon cross sections

X L SD X 1 Sl % %
q
Z _______
qhé > < 4 q> <1

Axial vector — U _ _
interaction:  Leff = gq(m*‘ Y X)(@7°0) +hy(XX)(G9)

Spin-spin interaction Scalar interaction,
in the non relativisti/ \ Spin Independent
limit
S 9,47 Zhgf ~ A Zh e
q=1u,d,s

- Z 949" s and A's factors require
g=u,d,s | inputs from non

perturbative QCD

|
Y 32 2 3 elementary cross sections
5D _ R —p|C[}|2 to be extracted from

experiments
M. Cannoni 7th TeVPA Conference, August 1-5 2011, Stockholm, Sweden 3



WIMP-nucleus Sl cross section

1) The structure of the nucleus is important if gqR~1: in this case the Zero

Momentum Transfer Limit (ZMTL) cross section is not a good approximation,
expecially for heavy nuclei

2) The scalar Sl interaction is sensible to the mass distribution inside the nucleus

2
H n
dq? - 4(MAU)2 ?TAMPZFZ(QQ) + A"(A = Z)FN(QQNQ

do?! 1 The Particle Physics and the
(f) — ;J(Sj)(O)FQ(qg) Nuclear Physics degrees of
dg 4(pav) freedom are factorized
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WIMP-nucleus SD cross section:

standard formalism (1)

Engel PLB 264 (1991) Engel, Pittel and Vogel IJMP E 1 (1992)

dng s , Isospin
> (J, My = J| Z ap + ar7)Ge ' J, Mz = J)|° representation
Az 1 gy = Ay + ay
1 ‘ .
J -+ 3 7.0 T J B ) — dy — Uy
% it o+ arrt)die L) ;
Y—/ Donnelly and
- /\i - Walecka
d O.SD / . NPA 274 (1976)
Donnelly and
- D)2+ KIIELDINFE)  pecesi, Phys.
1 Lodd Rep. 50 (1979)
-/ Donnelly and
N Haxton At.Data

Nucl. Data Tables
S(q) = (IDS[}[]( ) + apa1S0(q) + G%SH(Q) 23 (1979)
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WIMP-nucleus SD cross section:

standard formalism (2)

S(q) = agSoo(q) + aoa1Sei(q) + a3 S11(q)

5(0) = 227+ 1) ["“”ﬂ“sﬁ () + () - <Sﬂ>>]
SD - 4#?4 B dggﬁ 1 b S(q)
7 (0) = 2J + 18(0) T A T 4(#Av)20(ﬂ)(0)m

1) To have a spin-dependent “form factor” normalized to one it is
necessary to divide by S(0)

2) The nuclear physics degrees of freedom are not decoupled from the
particle physics ones as in the Sl case with the form factor
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WIMP-nucleus SD cross section:

standard formalism (2

The structure functions are furnished as polynomial fits to the results
of the shell model calculations in terms of the variable ;, — (45/2)?

b = 1fm AY/S
0.25 Divari, Kosmas, 19 0.3 | Dimitrov, Engel, 73 | 0.15 Ressell, Dean, 127
Vergados,Skouras “F'1 [ Pittel, PRD51201 (3€] |PRC56535(1997) 1
0.20 - PRC 61 054612 (2000) 4 ™[ (1995) _ | (Bonn A potential) 1
-. 1 01k J0.10¢
0.15 5 ANY . :
0.10 g - T 1
AN : ] 0aF - / 1005
0.05 ER #1578 keV/_ ' ER =\262 keV

X 0.2 \

0.00 T T T T 1 e -0.3 T T T 1 1T 0.00 T T ]
0.0 02 04 0.6 ) 0.8 1 00 02 04 0.6 s 0.8 1 00 02 04 06 ) 0.8 1.0
y=(qb/2) y=(qb/2) y=(qb/2)

1) The three momentum-dependent structure functions Sij look different
2) The interference term can be negative
M. Cannoni 7th TeVPA Conference, August 1-5 2011, Stockholm, Sweden 7




WIMP-nucleus cross section:

Verc ados formalism (1

dc:r*";iD
dé o |[(J, Mz = J| Z ag + arm)&e I, My = J)|?
z 1
x s <J||Z (a0 + ar7?) e |T) [
—~
i3} o P T
(A 2
7 X (GUQ{](Q) + @191(‘9)) Divari, Kosmas, Vergados,
q \ '~ Skouras PRC 61 (2000)
N

1 2a0a,$(0)024 (0) nggﬁgigg;) +a2Q3(0) (&EOD }

oz (@)
ay§25(0) ( QF’ (3)) T
FOI)(CI) FOI(C]) F11(C|)
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WIMP-nucleus SD cross section:

connection between the two formalisms

1.0 1.0 1.0
19 73 127
F- Ge- I
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2J4+1 Soo(q)
Sﬂﬂ(qj \2}677 0 Dﬂ(u’) UU(?‘L)
+ 1 } So1(q)
= 0y F S _ 272
Soi(q) LJSW ol Fou(u) | > o1(w) u = q°b°/2
Vs 'I']_ 4\
Siuld) = =g~ Fulu) 22D )

\16—/ S 11 (0)
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A recent calculation for heavy

huclel

1 = ' ' ' = 1.0 . =
5.33 P. Toivanen, Kortelainen, Suohnen,
107 3 e J. Toivanen PRC 79 (2009)
E'EL 107 = ;ﬂ‘ﬁ
LL.Q E fﬂ.ﬁl I S T S (R S S S (N S N SN M S|
107 3 0.2 — Fyplu)
| ; ; ﬂ ........... Fﬂ]liu} '-
€ @ Pes o~ T Fyi(u) |
10! ?_—x-,‘ ! osqr = = ¥t ||"[ll}|
= F 0.6 |
= 107 9 3
LL?‘ E :: ? ﬂ.4
107 E E 0.2 _ s
10 4] T T T T T T i 0.0 . T T T = .-|. - i T T
0 5 10 15 20 0 1 2 3 4 0 ] 2 3 4 5
11 11 u

1) At high momentum transfer there can be larger differences depending on
the nucleus

2) There are uncertainties due to the nucleon-nucleon potential used in the
shell model calculation

3) These regions are less interesting for experiments because cross sections
are suppressed and with bigger background
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Advantages of the normalized

functions

One only needs one structure function, that
FOU(“) ~ [ (u) = Fll(ﬂf) by definition is normalized to one at zero
momentum transfer

d O'SD Particle physics and nuclear physics
(A) 1 SD are factorized. The cross section has

dER - 2#?4’02 O (4) (O)Fll (ER) the same form as in the Sl case

Fll(ER)=Sll(ER)ISﬂ(O)
Is all that you need for the
“spin-dependent form factor”
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No need of other parametrizations...

0 500 1000 1500 0 50 100 150 200 250 0 20 40 60 80 100 120
E_ (keV) E_ (keV) E_ (keV)
 (sintorn))? Si4(a) PR
, (ﬂﬁ,—q:”)) qr, < 2.55, qry, > 4.5 S.(0) exp (— 1
FLS(an) = 4 i
0.047 2.55 < qr, <4.5 MicrOMEGAs, G.~Belanger et

al. Comput. Phys. Commun.

\
J. D. Lewin, P. F. Smith, Astropart. Phys. 6 (1996) 180 (2009)
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Notation for the total rate

Nuclear cross i)’ O\ 21 2
- k. L, L, A
sections J&IJ(U) = (—) A2 J&L})(O) = (L) g(Qﬁ ool + o0 a;f”)
at zero momentum fp Hp
transfer
1 B {-u—-uE}z B {-u-{—trE)Q
Truncated Maxwellian velocity distribution (U) _ (e N —e % )
function KUE
] ) 9, HA
Tipycal recoil energy €y = 24 4v;(—)
ma
Eg Urmax Eg Umazx

The integral are dEp dFE R
dimensionless !4 :/E_UF“(ER) dvf(v) fi1=f - F*(Ep) f dv f(v)

El Vinin { ER ) El Umin ( ER )

PoVo SI SI SD SD
Total event rate R = 0)t 0)t
meA(J(A)( )4 + 004 (0)t37)
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Constrained MSSM: the stau co-
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WMAP(30): 0.094 < Qh% < 0.128

an >0 ~ o=sgn(ay/a,) = £l

a, <0
Can the relative sign between
the SD amplitudes and the three
cross sections be determined

experimentally?
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Spin matrix elements [¥Ey

: ~ Ressell, Dean,
DAMA, KIMS 2T s Ay QI _o. 177} PRC 56 535 (1997)

Sl el (Bonn Ap otentlat)
The only nucleus with Iarge protons and heutrons matrix elements

CDMS, COGENT  T3(Ge < Aj: QTS — 0. 066 Q7 = 0. 836 DII;nF;gosvl, ng?l’gglfge"

EDELWEISS
Protons contribution is negllglble

\ Divari, Kosmas,
O — 1.646 Q;g _ _(0.030 Vergados,Skouras

COUPP, PICASSO 19F . A,-

SIMPLE,DRIFT P ] J ] PRC 61 054612
Neutrons contribution negllglbleQ\ B (2000)

B (L, = $1/2) 8,)  (S,)  pu(impy)  * WARNING!
[SPSM, Ellis-Flores [28, 3] 1/2 () 2,793 In some papers it is stated the
OGM, Engel-Vogel [29) (.46 () (2629)..,  opposite using the Pacheco-
EOGM (g4 /gy = 1), Engel-Vogel [29) 0415 —0.047 (2.629),,,  Strottman matrix elements.
EOGM (ga/gv = 1.25), Engel-Vopel [ﬂ] 0.368 —0.001 (2.629)cxp The calculations of Divari,
SM, Pacheco-Strottman [14] 0).441 —().109 Kosmas, Vergados, Skouras are
SM. Divari et al. [5 0475 ] 0.0087 2 01 more accurate and do not support
oy, Jhvaniet a. u St X this conclusion.
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(

Application (1): Cross sections

HI ‘4- . A 1“ ; l“ﬁ% ':' T T T 'c
0! + Rﬂl (Qﬁ] J;SD t ‘Qin V JTE;D) 841 =0 10 E :D .
F ]
§ 0%+ Ry (205 - 8,
Ge m‘"; 3
o Ry (P =Sy =0 wh | — s
///// o (pb) 10°} ~ m = 30GeV ]
(81 _ BVB-AC (ST = BVBEAC e |
0y = - [
S JilJS’T S ilcrsj 10/, o
gD Ay SD _ 947 e
. + - A T
Sy . < P RAQ(QPZ)Q S— P RAQ(Q;JQ)? 107 F
SI SI .
oD Sy SD_ O470- |
n A n,— /
LT Ry (@) | R%Qﬁgﬁfg

In the case of |, F, Ge, the solutions are

from rates

CMSS’M o
connected with the relative signh between the 4 1o*
proton and neutron amplitudes appearing in 10
the equation for |
0o=+1<s

M. Cannoni

-2

R(F) (kg yr')

0= —1 Sy R(IQTI) _ R(TSGB) = 1 kgt vt
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Application (2):Model independent UL

are...naturally model independent!

Suppose we can neglect the
Sl rate RP = ¢, (Ci /

by = Povo
M1 A
If an experiment with exposure € sets an
upper limit on the number of events then:

R EA{ﬁIL
A/

/—SD NYE - NY Def im(A) _ 04"
Cp JSD :i:Cn CFSD — O'hm —_— Slis Op.n = p,n

( A Gﬁ’AtiDg = 4 T gu5PE, also (C4)
- B 5 -

/ 1) The formula of Tovey et al. PLB 488
(2000) follows naturally from the

SD factorization.
“p vaoiP <1 The model independent method...

\/T(A \/TA) ﬁj is not a method, after all.
2) Not other assumptions are needed
to derive it. The correct nuclear
- physics is taken into account
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Fluorine, lodine and the stau
tion region

co-annihil

lim 2.5 T — T T T T 107 T | E— T 7 T ' 7
) a (a) 19 - (b) . (c) 127. -
Sim(d) = %4 _ \ F. 127+ I.
P = (P .ﬁ ] _
VA ;
[ tan .
Are these - tanP=15 ]
11 = T b tan3f20 ]
universal _ . tan%—gg
- - t = J
upper limits? A éﬁgﬁs
- o tanP=40 -
..... . SD S1 SD SI

SD SId 10 T - o tanP=45

0.5 R(p),’R - R(p+n}/R R(p)"R t:z3=50

200 300 400 500 200 300 400 500 1 200 300 400 500

m_ (GeV) m_ (GeV) m (GeV)

1) In Fluorine the Sl rate is never negligible: bigger than the SD for tan3>35

and smaller for tanf<35. Limits on the proton SD cross section are
obtained assuming no Sl rate....

2) In lodine there is a cancellation in the SD rate that is two orders of
magnitude smaller than the Si: the limits on the single nucleon SD cross

sections derived by lodine are meaningless for this model
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The stau co-annihilation ragion

10°F  _ anp=50 3
10-9;? tan[3=10
10" E cOUPP (500 kgxyr)

5§ O I

10 > 2 3
10 10 10
m, (GeV) m, (GeV)
COUPP Collaboration PRL 106 (2011)
€ = 28.1 kgxdays NUL . — 67 £ = 500 kgxyear N[ & ., =6.7
50% efficiency E,, = 21 keV ~ 100% efficiency E, =T keV

COUPP can probe the model only through Sl interaction with lodine

but not through the SD interaction with Fluorine
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Constraining directly the (m:.,tanp)plane
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Fit as a function of tanf and mau:
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Translate an upper limit
Nu. directly
ﬁ into a constrain on the

(ma2 - tanf) plane
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