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Overview

« What are Solar Axions

+ Principle of Detection

+ Why Solar Axions

+ Expected conversion rates
+ Prospects for GERDA

+ What should be done
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What are Solar Axions

Peccei-Quinn, 1977

CP conservation in QCD > Axion
Axion
mhaiial o Coupling constant:
mey/ E 4 - -
Garyy = 0.19-18(2—2/3.7£2)-1079GeV ™!
e~ or Nucleus, Ze
Primakoff Effect Conversiony —® Axion z=m /m_~ 0.56

for example in i

« Early Universe
e Stars
* Red Giants

» Supernovae
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What are Solar Axions

Conversion rate (y—axion): R=R(E,,Nj) N: density of charged particles with charge Ze ~ 10 m’
EY: photon energy
E : axion energy

Core of the sun;

T~1.3keV =1.5*10"K % 10" Solar Axion Spectrum at the Earth
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i va <E >=4.2keV

Blackbody distribution —— 6
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Principle of Detection

Axion flux Photon flux

Nucleus, Z

E dR(E
R(E), Ey) = [52dE [° dB, 2.

iy L -eapl-§(T5)?

Gaussian

dCDIdEa, do/dQ (F)

1 Form factor
/ @)
1 Electrical potential
¢®(S,G)

tructure function, Reciprocal vector

C i 3 E,—FE
R(E) = (2m)- 25 76 |(G) Moty < lerf (0 — erf (B2

)
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: 7 : Principle of Detection 7

Bragg condition

= (k+G)? = |K'> = [k B

Elastic conversion
E =E
a Y
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Why Solar Axions

Sun is biggest axion source in the neighbourhood:

Brot 2 3.9-108%em ™21 at gayy =1-10710 Gev!

Rate of photon emission depends on:

* Crystallographic properties

« Conversion cross section

» Axion energy distribution

* Crystal orientation with respect to the Sun
» Coupling constant
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Expected conversion rates

LNGS Coordinates
Longitude:13°31'
Latitude:42°25'
Altitude: 895 m

Solar Axion
Flux

Ge-Crystal

(%

R(E) = (2m)- 28V 57 |S(G) P4ty - lerf (B ) — erf(Fz 2
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Expected conversion rates

2-25keV, 0=0425keV,
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Expected conversion rates

4 -4.5keV, o0=0425keV,
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Expected conversion rates

6-6.5keV, o0=0425keV,
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Expected conversion rates

8-B.5keV, 0=0425keV,
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Expected conversion rates

Energy range [keV] |2-25 [25-3 (3-35 [3.54 445 455 [5-55
Counts/(day kg) |3 4.5 5.9 7.2 8.2 9.6 10.9
Energy range [keV] [5.5-6 |6-6.5 [6.5-7 [/-7.5 [7.5-8 [8-8.5 [8.5-9
Counts / (day kg) 10.7 9.3 8.8 8.7 7.5 6.3 5.7
11 R
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Prospects for GERDA

—»  Statistical method to estimate the upper limit

X =Y iq[R(t)— < R >]-n; ﬂ = 0 : no signal

’ = 0 : signal+noise
lim b kg  years\1/8 —9 1
< 9~ K SmaTioy X 31 % 1) /8 % 1079GeV

Javyy

K=2.5 for Ge, M=detector mass, T=exposure time

Limit on gayvv [1/GeV], Phase I-18 kg, T=2 [7.64*10"° |5.72*10™ 4.3*10"° 3.22*10°
Limit on gayy [1/GeV], Phase 11-38 kg, T=2 [6.96*10"° |5.22*10-"° |3.91*10-"°2.93*10"°
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— = ——— Prospects for GERDA — e
3 gElw limits vs. exposure

11 I ............................. ............................. ............................. ..... _b=1*1 0_1 [Ctsf(kg ke\," year)]
1 S S, |=—b=1"10"" [ctsi(kg keV year)]
| 5 : - |—b=1*10" [ctsf(kg keV year)]
—b=110"* [ctsf(kg keV year)]

(GeV)

0.0 | ............................. | ............................. | ............................. e } ............................. | ............

M™T [kg years]
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— __ Prospects for GERDA

gaw Limits

Assumptions for the GERDA limit:

10° 1 Mass: 40 kg
Exposure: 2 years
Background: 1*10 * cts/(kg keV year)
, Resolution: 1keV FWHM
R R T SOUAX o Nl .
"""""""" DAMA™ """ -----tmoooommmmpmosssssomnaet ol /
T w || casTehasel | e T
E 107 pommmommy - f- - LRSS . /
m% G C
12| O H
107k o £
M R
o} E
L N
107k 8 SN1987A g
Y Vv
107"° |
107 107" 107 10° 10°
m_ [eV]
Experiment ADMX SOLAX |CAST DAMA GERDA

Limit on g ayy [1/GeV] [1*10° 2.710° 8.9*10" [1.7*10° [3.9"10"°7

9 June '08 - Tokyo Helioscope reports: g <610 "% 1/GeV form : 0-0.27 eV
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What should be done

» Analysing if an optimal crystal orientation exists

» Determining the orientation of the crystals before installing them

» Specifying the detector resolution in the low energy range ~[0 — 10 keV]
» Achieving a low energy threshold

« Background MC in the low energy range

» Get GERDA starting & collect data

» Time correlated background analysis in the low energy range
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Thank you
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