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Theoretical Motivation
for Axions
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Theoretical Motivation for Axions

The strong CP-problem

CP-violation necessary in the standard model:
Explanation of matter-antimatter-asymmetry

THE MIRRIR ™D NIT S&€ T
Be OPERATING PROPERLY.

CP-violation in weak interactions
CP-conservation in electromagnetic+strong interactions

QCD predicts violation in strong interactions

g2 ~ ~ 1
392 2 GZVG:V mit G;‘V — _Egﬂvaﬂ GZﬂ
T

L,=6

HOWEVER:

So far no experiment has observed this CP-violation in QCD!
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Theoretical Motivation for Axions

The Peccei-Quinn-Solution

A possible solution to the strong CP-problem:

Elimination of CP-violating term in QCD Lagrangian by introduction of new

additional global U(1) symmetry

a 9° ..~
L =C GG”
f 320 " °

- New pseudo-scalar field ==>| AXION
—> First proposed by Peccei & Quinn (1977)
—> Particle interpretation by Weinberg, Wilczek (1978)
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http://upload.wikimedia.org/wikipedia/en/7/7c/HelenQuinn1.JPG
http://en.wikipedia.org/wiki/File:Steven-weinberg.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b1/FrankStockholm2004.jpg

Theoretical Motivation for Axions

The Axion: Properties

* Neutral pseudo-scalar Goldstone-Boson

* Only feable interaction with ordinary matter

» Mass (from axion-n®-mixing):

» Coupling to photons:

* Mean lifetime:

10" GeV

m_~ 0.6 eV

a

f >10" GeV

L, =~ gay(E-g) a with

a

(Astrophysical criterion)

9., ®

a

27 f

a

<107 GeV"

T, R 1017 yr for ma = 1eV l.e. Z-a > tUniverse
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Lifetime for 150keV (visible axion) about 0.1s


Theoretical Motivation for Axions

The Axion: Models

-
Distinguishing feature for different axion models is size of PQ breaking scale:
1
f oc—
\ m, y,

* ,Visible Axion“ (PQWW-Axion)
- Large axion mass (m_,2150 keV),

1x107 g
since f, =f . ~250GeV : e o
- Excluded by experiments and theory b7 ;
T 1x10_9;— E
* Invisible Axion* & :
- Small axion mass (m_= peV-eV) B} 1x1o-w?—
> Kim-Shifman-Vainshtein-Zakharov-Model ~ 1x107iL
Exotic, heavy quark carries PQ-charge MO_DE » Py

- Dine-Fischler-Srednicki-Zhitnitskii-Model 1x10°  1x10™ 1

1107  Ix107  1x10™
Axion mass [eV]

1x10° 1x10"
SM fermions carry PQ-charge
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Theoretical Motivation for Axions
The Axion: Killing two birds with one stone

4 h

Axions as

- Solution to the strong
CP-problem

- Candidate for dark matter

\_ .

HRGEN @ 2002

Unbelievable! It looks like they've
both been killed by the same stone...
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.. ¥ Theoretical Motivation for Axions

The Axion: Experimental searches

» Galactic axions ~
- Haloscopes E
(ADMX, Carrack) :J;-

- Telescopes
(Haystack)

- Laboratory axions
- Shining-Light-through-Walls
(OSQAR, LIPSS, ALPS)
—> Polarization
(PVLAS)
» Solar axions

- Crystals
(SOLAX,COSME)

- Helioscopes
(Tokyo, CAST)

l{]4E T TTTTIT I T TTTI T TTT I IIIIIIII I T TTHI I T TTHI I T T I IIIITE
107 & -
109 E Laser exps. .
107 ;E -
0% E /
3 1L crystals / () 3
107 & _Tokyo helioscop =
ol CAST phase | §
0" = Asmphase L. ............ “AB st EC =
S : e
0"g 3 E
— o \5 7]
5 (&) &
02 = | @ \2
=9 Microwave cavs® 6\06 5
r O - ]
l{]'ln E_ P*\O _g
10 -
10"° g =
10—](3: SR | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII] | II|IIII| | IIIIIII| | Illllﬁ
107 10° 107 10 10 1072 10" 1 10
maxion(ev)
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Notas de la presentación
Overclosure: Too much dark matter….


Search for solar axions
with helioscopes
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Search for solar axions with helioscopes

Production and detection of axions

(Primakoff-Effect: )
Photons of blackbody radiation w Axions
(X-ray photons) in solar core
J
Mé_i__ - - -
efze erze ngw

(Inverse Primakoff-Effect: )

, Strong magnetic field
Axions —— ) X-ray photons

in laboratory on Earth

g J
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Axion spin 0, Photon spin 1


Search for solar axions with helioscopes

Production and detection of axions

(.
Primakoff-Effect: )
Photons of blackbody radiation w Axions
(X-ray photons) in solar core
J
X-ray
detect
Axion 500 s @gn\? - —
e EEEEEEEEERaAk S—— > ( ’
Flight time
N
Sun Earth
4 .
Inverse Primakoff-Effect: )
, Strong magnetic field
Axions —— ) X-ray photons
in laboratory on Earth
\_ J
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Search for solar axions with helioscopes

Expected solar axion flux at Earth

> E
2
T§ E
i E
HO
= ]
X,
p.c% ]
= E
=
=
Lo
RS ]
Z

0'...|.‘.|...|...|...|... ]

0 2 4 6 8 10 12 14

Energy [keV]
4 . _ )
- Mean Energy of axions: <E_>=4.2 keV
2.481
. Flux of axions:  9Pa(E.) g’ E;
ay E,[1.205
dE, e

\_ (Serpico & Raffelt, based on standard solar model BP2004 of Bahcall etal.)  /
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Search for solar axions with helioscopes

Conversion probability and coherence condition

Bg, )
P = L 1+e" —2e " cos(qL
a—>y ( 2 ) q | r2/4 [ (q )]

] m?2 —m? _
With momentum transfer g = rzTa , effective photon mass m [eV ]~ \/0_02 P#m[ltifitrJ

in “He and absorption T’
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Search for solar axions with helioscopes

Conversion probability and coherence condition

Bg, )
P = L 1+e" —2e " cos(qL
a—>y ( 2 ) q | r2/4 [ (q )]

] m?2 —m? _
With momentum transfer q = 72 = , effective photon mass m [eV ]~ \/0_02 P#m[ltifitrJ

in “He and absorption T’

4 )
) ein? gL
5 _(BLga7] S'“( A)
a—)}/_ 2

2 (if absorption I" = 0)
(q I/)
2

-

University of Freiburg Julia Vogel Louvain-la-Neuve November 26, 2009



Search for solar axions with helioscopes
Conversion probability and coherence condition

. 2(Q
st 1 5" (*"2)
P = ( g‘”] (if absorption I" = 0)

=m) Coherence condition:

- gLi2<n

sin’(qL/2)/(qL/2)’
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Search for solar axions with helioscopes

Conversion probability and coherence condition

Coherence condition: qL/2<r ]

/ \

CAST Phase I: CAST Phase ll:
Vacuum in magnet “He / 3He in magnet
(m,=0, qL/2 <m) (m #0, qL/2 <)

/ Effective mass of photon my:O \ / Effective mass of photon my>0 \

. 3 . 3
2 2
g =Mz =me|_ m? my[ev]z\/o.ozP[mbarj
2E. | 2E, T[K]
Il 5
\Range of axion masses: m_,<0.02 eV ) k Extgnodzecei \;a:gn(]e o<f?x1|(éner\r/1asses /
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Search for solar axions with helioscopes ?

Expected number of photons from axion conversion

T T T LA L | T T LA L |

Vacuum

107k

]

=
[

<
m

-10 -1 +
N, x (1070 GeV™'/ g,)

|
3
|

107 = 5.49 mbar

|

IO_G: .4l el R .
0.0001 0.0010 0.0100 0.1000
Axion Mass [eV]

d®(E
N, =I dI(E ) P (E,)AAt g(E,)dE, o g;

a

A: detector area, At: exposure time, ¢(E,): efficiency
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Plot für 90 minuten unter CAST Bedingungen, Eff=1


The CAST-Experiment
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The CASI_E_xperimgnt | .. I

P YN

n |

CERN Meyrin |
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The CAST Experiment

Experimental Setup

* Prototype of an LHC dipole magnet (B=9.0 Tesla, L=9.3 m, T=1.8 K)
* Range of movement: 80° horizontally and * 8° vertically
* Solar tracking possible during sunrise and sunset (2 x 1.5 h per day)

* Three X-ray detectors and one X-ray mirror optics:
MicroMEGAS (MM), Charge Coupled Device (CCD),
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The CAST Experiment
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i The CAST Experiment

Solar Filming
e \ [P —— L B

[

ot

I‘ CAST is able to follow the Sun with required accuracy (0.02°)!

T = ;'= - - I-'-. ; :'-“




The CAST Experiment

Vacuum and helium gas system

Phase | : Vacuum (2003+2004)

Phase II: “He (2005+2006)
3He (2007- 2010)
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The CAST Experiment

CAST detectors until 2006 (Phase | and Il with “He)

Background count rates:

TPC: 85 cts/h (2-12 keV)
MM 25 cts/h (2-10 keV)
Telescope/CCD: 0.25 cts/h (1- 7 keV)

New J. Phys. 9 (2007) 17

Sunrise detectors Sunset detector
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The CAST Experiment

Detector upgrades since 2007 (Phase Il with 3He)

MicroMEGAS (2nd generation Background count rates:

A MM : 3 cts/h (2-10 keV)
Teleskope/CCD: 0.16 cts/h (1- 7 keV)

-£hys.9.(2007).169 MicroMEGAS (2nd generation)

Sunrise detectors Sunset detectors
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The CAST Experiment

Detector upgrades since 2007 (Phase Il with 3He)

/ 2nd generation Micromegas: \

* Novel manufacturing technique (microbulk technology)
» Materials selected based on low intrinsic radioactivity

 Improved shielding

\ - Good potential for very-low background rates /
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X-Ray Mirror Optics
and
CCD Detector
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| X-ray mirror optics and CCD detector
Experimental Setup




X-ray mirror optics and CCD detector

Experimental Setup

(. Wolter-I-type telescope (Prototype of ABRIXAS mission) )
« 27 nested, gold-coated mirror shells (i
\* Only one sector of telescope illuminated at CAST )
(.« pn-CCD (Prototype of XMM-Newton mission) )
* Very good spatial and energy resolution (7} )
\* Simultaneous measurement of signal and background possible )

y Magnet bore R
Parabolic yperbolic
Q 43 mm Shells Shells

Focal length 1.6 m

=mmp |Mmprovement of signal-to-background ratio by a factor of ~150! ]
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X-ray mirror optics and CCD detector ?

Characterization of X-ray telescope (Optics + CCD)

Efficiency for X-ray mirror optics and CCD detector for CAST Phase | und Il (*He)

605'

— X-ray mirror optics for CAST

— Mirror optics + QE of CCD
(Phase )

e
<o

s
o]
i

— Consideration of the
Cold Window
(Phase Il, from 2005 on)

Efficiency [%]

2
o

[a—
o
TTTTroiToroa

o
_1;IIIIII

2 4 6 8 10
Energy [keV]
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| X-ray mirror optics and CCD detector

In-situ calibration of detector

X- Ray Tube T| K Llnes Background
f) - T T T T

>® 2.0 r Fit I:| | bnis X, L. -lt ] 0004 ["'l bl c-hms X ] ? 3
= P, - :
2 15 L - < 0003 g
Z i foA - 2 g -
= C / LY ] £ f
s 1.0F ) ‘,ﬁ . 7 2 00025 .
- B 'M ] t F 3
2 - / F‘ﬁ Walla ] 3 ! |
N [ f W ¥ , ] X ‘
s 05¢ ﬂf’* ey h“e,ﬁ E £ 00015 , | H
g r ”M‘tf' ‘*n_‘_‘_" ] E f ‘A ' VJHJE
= l 6 E““""'“ L \ M"‘*ﬂﬁ_ . __ M«J -HW-\ W;J‘..mwmu‘ww& v..w* *’u)\\-—a .va RW =

6E fF——+— e s T T T b
T 14§ E ' :
s 1.2 E . " Jr 3 L5E \ |
= L0 WPW#HM%%«MW“H}H#W&Wf&%ﬁW e H‘;{LH} #HH S ‘MH d N #L“ il m ny
s o A W “ﬁ”%&
Q 04E. . _ R N S ost

8()() 85() 9()() 95(} l{}[)() 5 4 6 10 |’) |.
Channel Energy [ADU] ) Photon Enu oy [keV] )

» Calibration of detector at CAST using X-ray tube
* Lines in background spectrum used for E>10 keV
 Detector is calibrated till about 14 keV: absolute energy calibration better than 1%

« Additionally daily calibrations with >°Fe (Energy resolution: 170eV @ 5.9 keV)
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Notas de la presentación
Cu, Cr, Mg, Fe, Ti, Ag
Bgrd: Au M-alpha: 2.1 keV, Au-L-alpha: 9.7 Au L-beta:11.5


X-ray mirror optics and CCD detector

Experimental background

Rare event search:
- Reduction of background
- Material close to detector

 Pattern recognition algorithm
- MIP’s
 Shielding
- Inner part:
1-4 cm Cu & 2.2 cm Pb
External y-Background
—> Outer part:
Pb against y‘s (walls)
* Focussing via telescope
- Minimization of
detector volume

Flux |x L0~ countsfem®/s/keV]

0.

—

Au—-M Cu—Escape

Jr

I
H Tﬁ ﬂ |WH HH |m|*

‘ Cu_Kh

\
| Au-L, Au-ly
Jri F _ﬂ
b f
R
| *H\ o

Pb-L, |

2 4 6

8
Energy [keV]

10 12
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X-ray mirror optics and CCD detector

Upgrade CCD Frame-Store Detector

mme-Store CCD Design \

- Better low energy response
- 0.2 keV < E < 1keV

» Use of radiopure material+shielding

Cu Vessel

- Lower background

* Less out of time events

- 8% of measured flux

» State of the art technology
- Supported by other laboratories

» Decoupling of telescope and detector

\ —> Simplification of alignment/
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Exemplary Analysis of the “He data
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Exemplary Analysis of the “He data

Expected signal for the CCD detector

For one helium density setting P, one expects N, , photons
from axion-to-photon conversion via Primakoff-effect:

dCD(Ea,gay)

Ny,k = Ny(P a’gay) I aey,k(Ea’ma’g:;/)g(Ea)Atk AdEa
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Exemplary Analysis of the “He data

Expected signal: Efficiency and axion flux

For one helium density setting P, one expects N, , photons
from axion-to-photon conversion via Primakoff-effect:

dCD(E g2 )
_ 4\ alJay
Ny,k _N;/(Pk’ma’gay)_ dE a»yk(Ea’ma’gay
a
_ 60F 7 — T
— - |
I> E'MM\
2 sof AN
_IO ély,' : \
2 Hll [
(] Fi A I
S 5 30F 1 Al .
=) L [ . e —— N
ks = 90 f— e ‘
5 -
= -]
5 g !/
2 =
:E E !/
E )
0 ’: P BT . .
Energy [keV] 2 4 )
U Energy [keV] U
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Exemplary Analysis of the “He data

Expected signal: Conversion probability

For one helium density setting P, one expects N, , photons
from axion-to-photon conversion via Primakoff-effect:

dCD(Ea,gay)

Ny,k = N;/( a’gay) I aey,k(Ea’ma’g:y) 5'(Ea)Atk AdEa

Bg, i 1
P  =|—X 1+ &)t 2T &2 gog|q, (E,,m. )L
o ( 2 J qk(Ea’ma)2 +rk (Ea)2/4[ [qk( ) a) ]]

4 Ll )
P —(BLg )2 i (q /)

(for absorptionI" = 0)

(") )

-
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Exemplary Analysis of the “He data

Expected signal: Conversion probability

o _(B%) L
o 2 qk(Ea’ma)2 +rk (Ea)2/4

[1 t+ e B _9pTi(EIL2 cos[o|k (E., ma)L]]

=1

N \ke\i\
k=60, p,=5.49 mbar
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0.247eV


Exemplary Analysis of the “He data
Expected signal: Number of photons N,

lo, IR oy ke
GV/ SETSs pxion Enero k=60, p,=5.49 mbar
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Exemplary Analysis of the “He data

Expected signal: Number of photons N,

= [T P (B, 03) 6(E) At, AdE,

\\46\1\

nE“

P\X\O k=60, p,=5.49 mbar
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Exemplary Analysis of the “He data

Expected signal: Number of photons N,

d®(E_,qg2
— alJay 2
= [T P (B, 03) 6(E) At, AdE,
a
- T 3
- 0.00 mbar ]
107" = 1.83 mbar —
= 3.79 mbar '. e
10 ’ 3 |.iI 3
- 11.02 mbar : : | 'I  : 1 i
107 = 12.73 mbar  ; : ' -
— 107 |
Z. - -
107 & .
107 .
107 -
| | 11 | | 11 | I |1 | 11 | | 11 | 1 |1 | | |1 1 | I | 1 |1 | | |1 1
0.0 0.1 0.2 0.3 0.4

Axion Mass m, [eV]
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Exemplary Analysis of the “He data

Analysis: Definition of tracking and background

200 (e Lyl e Coumg:i.:: 200 AR R R el R Cﬂmm:i:i: TraCKing:
et e I RS Anl I > 294.8 h (1508/45 cts chip/spot)
. B . B | 0 o 8.58+0.17 x 105 cts/cm?/s/keV
- RN o ks Background:
o - 2758.1 h (14245/430 cts chip/spot)
T s - 8.66 + 0.06 x 10° cts/cm?/s/keV
% 100 1.50 v; 100 S 4.00 = E TraCking ]
g 7 2 0L Background
Y b E
1.00 267 5 x i ;F+_|;;:;-j:+ + t4 ot N S
) : f } %ﬁﬁ#’:ﬁ#ﬁﬁﬁﬁrﬂﬁ it
0.50 3 ) 8; . . . . . -:
soih gty b b 4 4
0 M Bir, te 0.00 0 chhtie 0.00 a —85 - T .
O mx—i:[;oradti)na?; [P?x[:el]eo ” I‘}X—i"iit11":|{i]|m[i{:]’i::|| : ! ’ ’ . ’ ‘ !

Energy [keV]

NO SIGNIFICANT AXION SIGNAL ABOVE BACKGROUND OBSERVED!
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Exemplary Analysis of the “He data

Analysis: Maximum Likelihood Method

Expected counts in CCD for helium pressure P, are
Poissonian distributed with mean p;,

k

i = Number of energy bin

Kk = Number of pressure step

Ny = Total number of counts in tracking in energy bin |
and pressure setting k

Hik = by + (N (95,%m,)

= expected background + theoretical axion signal
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Exemplary Analysis of the “He data

Analysis: Single pressure settings

Expected counts in CCD for helium pressure P, are
Poissonian distributed with mean p;,

k

i = Number of energy bin

Kk = Number of pressure step

Ny = Total number of counts in tracking in energy bin |
and pressure setting k

Hik = by + (N (95,%m,)

= expected background + theoretical axion signal

e Single pressure settings
—> Calculation of single pressure likelihood functions L,
- y2?-Distribution %= -2 In L,
- Upper limit via integration of Bayesian probability up to 95%
- Exclusion plot for single pressure settings

University of Freiburg Julia Vogel Louvain-la-Neuve November 26, 2009



Exemplary Analysis of the “He data
Analysis: Single pressure settings

15

Axion mass m, [eV]

X
= > A
i &’”‘% X X
| x i
3%( % %
- x x -
_ X % i
X X
i % ]
I %‘ i
I X, i
- P=2.33 mbar, 1 event % i
- P=9.83 mbar, 2 events X .
| P=3.75 mbar, 8 events _
1 | 1 1
0.1 0.2 0.3
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Exemplary Analysis of the “He data

Analysis: All pressure settings

Expected counts in CCD for helium pressure P, are
Poissonian distributed with mean p;,

[Lk He“'k s He'k M J

' k

i = Number of energy bin

Kk = Number of pressure step

Ny = Total number of counts in tracking in energy bin |
and pressure setting k

Hik = by + (N (95,m,)

= expected background + theoretical axion signal
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Exemplary Analysis of the “He data

Analysis: All pressure settings

Expected counts in CCD for helium pressure P, are
Poissonian distributed with mean p;,

k

i = Number of energy bin

Kk = Number of pressure step

Ny = Total number of counts in tracking in energy bin |
and pressure setting k

Hik = by + (N (95,m,)

= expected background + theoretical axion signal

« Combination of all pressure settings

- Determination of the global likelihood function L
via multiplication of likelihoods for all pressure settings L =TT L,

- Global y2-Distribution y?=-2 In L

- Upper limit via integration of Bayesian probability up to 95%
- Exclusion plot for all pressure settings
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Exemplary Analysis of the “He data

CCD result for Phase Il with 4He
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Exemplary Analysis of the “He data ?

Combined CCD result for Phase | and Phase Il with 4He
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Results and Prospects
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Results and Prospects

CAST Result Phase |

10_?; L T T T
/ \ " | JcAP 04 (2007) 010
« No significant signal 0L Lozarus etal, / 4
- L ]
over background  SOLAX, COSME L
_ T DAMA /
« CAST Phase | yielded most -
0}
restrictive experimental upper <
limit in wide axion mass range o 107"
« CAST is more sensitive than et o
best astrophysical limit for N
- 4
axion masses m, < 0,02 eV I i
107l vl il il il
107 107 107 107 107 | 10
» Improvement of the upper m . [eV]
limit compared to previous .
P P Upper Limit g, for m, < 0,02 eV

experiments by factor of 7
\ / [ da, (95%) = 0,88 x 101 GeV-’ ]
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Results and Prospects

CAST Result Phase | and Il with 4He

(60 measured p-settings \

‘_I;"\ B I T TTTTI I T TTTTI I I Illfi I lII III I I :
with 4He in the magnet 3 - r'if / " 5' ]
(p=13.4 mbar, m,=0.39 eV) w0 L ]

* No significant signal observed 107 Maid
J J - Tokyo helioscope /\/ il ':

* CAST enters in theoretically i
favored model regions -

o
.
.
ks
C = =
Lol

« Typical upper limit:
Ja, (95%) = 2,2 x 1010 GeV-! Py — :

_ CAST y

form, < 0.39 eV - S

@
« 4He analysis completed : é§>°’ :
-> JCAP 02 (2009) 008 - '

] IIIIIII| ] IIIIIII| ] IIIlIII| I I

* 3He measurements ongoing! (e o2 0 : 0
wver 480 new 3He steps dony m_.. (eV)
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Results and Prospects
Additional Searches at CAST: HE and 14.4 keV Axions

,Search for solar axion emission from

’Li and D(p,7)*He nuclear decays with
the CAST jray calorimeter*

Magnet bore

Calorimeter

HE Calorimeter

|

arXiv:0904.2103

University of Freiburg
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Results and Prospects ?

Additional Searches at CAST: HE and 14.4 keV Axions

,Search for solar axion emission from ,,Search for 14.4 keV solar axion emitted in
’Li and D(p,7)*He nuclear decays with the M1-transition of >’Fe nuclei with CAST*
the CAST jray calorimeter*

~~o"pt
Magnet bore _’-’-.

Calorimeter Y o\t

MICROMEGAS | & Signal region

Vi = 21:
¥ ! S
| — 10 g 1
. : F — Solar Tracking E A
HE Calorimeter | 3 Background 5 9
1 . g § © .
. 7] [

arXiv:0904.2103 £ U U I T

) 6 8 10 12 14 16 18 20

© Energy [keV]

107

arXiv:0906.4488
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Results and Prospects

Additional Searches at CAST: LES Axions and Galactic Sources

,.Search for low energy solar axion with CAST**

arXiv:0809.4581

Light - Dark counts (Hz)

BKG-Boff-Lon

0,154 * BKG-Boff-Lon-moving
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* DST-Bon-Lon
0.104 o BKG-Bon-Lon
e ST-Bon-Lon
0,05 ! | [
L . T { ° '
ool Lt o lelel © -
[ BN | J_ T
* i + "9 . 1
0,05
0,10 4
N e o e L I B I B I L I B L I I L L R B B B R |

Yy

gee also contributions to

5th Patras Workshop on
Axions, WIMPs and WISPs

—> http://axion-wimp.desy.de/
\ _J

~
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Results and Prospects

dditional Searches at CAST: LES Axions and Galactic Sources

,,>earch for low energy solar axion with CAST** Search for Axions from galactic
sources at CAST/ Sky Survey

BKG-Boff-Lon

0,154 * BKG-Boff-Lon-moving
ST-Boff-Lon
* DST-Bon-Lon
010+ o BKG-Bon-Lon
. 9 e ST-Bon-Lon
% 0.00 - - + I * ——t _ . | _ % F ] . rfs_ . I;dKuslm. lewl::hwshi
£ 0% ' | See also contributions to )
08094581 oth Patras Workshop on
arAailv.: . " .
0154 | AXIONS, WIMPs and WISPs
e > http://axion-wimp.desy.de/
& FE g \ J
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Results and Prospects

Towards future axion helioscope searches

Magnet
 Along the years CAST gained _ _
Stronger field, bigger cross

valuable expertise in working sectional area, ...
with the helioscope technique
* Possible improvements for next f
generation helioscopes: P A N
- New low background detectors _1/2 _1/4 18 J4+1 8
- X-ray focussing devices ga7 x (B L) (A) (b It )
- More flexible movement —— ——
- More powerful magnet !!!
- See also talk of T. Papaevangelou Very ::gvevtt?;ic;:sund /
in the recent workshop and/or X-ray telescopes
,New opportunities in the Physics Movement System
Landscape at CERN" Extension of Observation

time
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Results and Prospects

Towards future axion helioscope searches

~

Large parts of the model region
for QCD axions could be
Studied in the coming decade

- Combination of
Helioscopes experiments and

Dark matter axion searches

\such as ADMX
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Latest Results of Phase | and Il
CAST Phase |

> No significant axion signal observed )
—> Best experimental upper limit in large axion mass range up to 0.02 eV

gay (95(%)) = 0.88 x 10'10 GeV—1
- Comparable to best astrophysical limit

\_
CAST Phase ll

(> Upgraded detectors and sophisticated gas system for the use of helium \
- CAST enters theoretically favored axion parameter space
- “He run completed with typical upper limit for 0.02<m_<0.39 eV of

da, (95%) = 2.2 x 10-1? GeV-’
\9 Data taking with *He since 2007 (approved till 2010): m, < 1.2 eV [0.89 eV])

)

More interesting Physics done/to be done at CAST

- High energy axions / 14.4 keV axions
- Low energy solar axions (LES axions)
—> Galactic tracking for non-solar axions / Sky Survey
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Axions ?1? Not yet... but stay tuned

avec technologie
fraicheur Longue




Thank you!
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Backup
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Backup: Theoretical Motivation for Axions

The strong CP-problem

* New term in Lagrangian violates both P and CP: | ¢ wirsoe bip par seem

~ N B OPERATING PROPERLMY.
G G <cE-B

« Compare to _ .
G:,G! oc B*-E’
Since:
P(E)=-E, P(B)=+B
C(E)=-E, C(B)=-B
« Strong CP-Problem:

No violation of CP in strong interactions observed so far!
Could be observed via:
Electric dipole moment (EDM) of the neutron (Dependency on 0)
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Backup: X-ray mirror optics and CCD detector
Experimental Setup

ABRIXAS Mirror System
27 nested Au/Ni1 Shells per Module
Focal Length 1600 mm
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Backup: X-ray mirror optics and CCD detector

Working principle of the CCD detector

AV
W
Lcrnid
“:‘\\““m}!} CLN
P!

i\
TR
A

LT ‘
A W
it /
A A G
\“n“\“ Y
N,

\\\“
0
\\“

{

AN
\ \‘ e
“\\:‘x\\‘ '\:n\‘

“ I "‘

Ty
WY
A,
N

i

Ay \
TR

\"‘:\““\‘&\ |\\\“‘::|
(KRN

University of Freiburg

Julia Vogel

| ]

\
]

/
IF A

sigral charges

/7 A

il
transfer
recisters
1 plesl
(150 % 150 prm’)

| NS

Nk L P
SIS FE A

cn chip reaclout electronics

PES
/

back contact

L=

native hickness (280 )

F

“1"""--..__

R

Louvain-la-Neuve

November 26, 2009




X-ray mirror optics and CCD detector

In-situ calibration of detector

Daily calibration with >>Fe before run

Energy resolution: 170eV @ 5.9keV

1200 - Mn-K, -
i \(5.91(6\/) ’
1000 - -
g 800 - .
X I i
= 600 .
400 - Mn-Kg .
: 65keV) A
200 |- j
0_IIIJ—-I—IIJllLJJIII!IIlIIJIIIJJIIJ-.I_I||||||||| S I I
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Energy [keV]
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Analysis of CCD data for the “He Phase

Analysis: Absence of a signal
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