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Axions |ZI
e Pseudoscalar particles, similar to r°

o Massless (Nambu-Goldstone boson of PQ Symmetry)

but can acquire an effective mass interacting
with gluons

> Therefore the two mix: they "share” their mass

107GeV
ma/;zmﬂfa me ~ 0.6 eV 7
o axions’ couplings to photons and nucleons
PQ Symmetry:

are approximately f./f, times those of z°
Peccei & Quinn: CP invariance of the

strong interactions expected in QCD, for
a non vanishing scalar field that gives
mass to a fermion through a Yukawa
coupling.

depending on the axion model used
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Axions |ZI

Destiny:

mix with z° — Couple with two photons !!

L., =gu (E°B) a 0 e

_ )

Primakoff (1951) [r°—yy]

PRIMAKOFF EFFECT

Any scalar or pseudoscalar particles:

axion-fike particles

Theopisti Dafni Search for Axions from the Sun La Thuile, 2004



Axions |ZI
PRIMAKOFF EFFECT
Stellar interior — the Sun!! —» Solar Axions

Flux

- dd ®y (E,/Ey)?
8 L L O O A T :(g(_g))QEze(E/{Eoo_)l

g{—S) = GJa~~ X 108/G0\’Y—1
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Axion flux at Earth
[101°cm ™2 s 1 keV ! ]
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[K.van Bibber et al.,1989]
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Axions

Transverse magnetic field (B)
X-ray | X-ray I

detector \ |

Signal:  X-rays while
tracking (magnet .

pointing to the Sun)
over background

B & .5

2
(8.4T) (‘1077;,) Jo preserve Coherence: /M/Z =]
(Gayy X 1010GGV_1)2|M|2

P, = 18x107Y7

Lazarus et al., Brookhaven
Tokyo Helioscope:B~4T, L~2m
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Axions:

Extending the coherence to higher axion masses...

e Coherence for higher masses by using buffer gas.
o Fill magnetic channels with helium

e The photon acquires an effective mass: m, > 0 m2
e Momentum transfer is - mz B m?}, (as opposed to |q| _ ﬁ )

* Coherence condition(qL<< 1) is recovered for a narrow mass range around m,
em, can be adjusted by changing the gas pressure:

iraN, Z
m., | “ﬂi = 28.9¢/Sp eV

e Thus, changing the pressure of the gas will allow to be sensitive to an
extended range of higher axion masses
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Prospects CAST Sensitivity plot

Phase II and up (?) l

Japy < 1.4 x 1077 (GeV) ™!

Filling the magnet bores with
helium the photon acquires an 10-7 ¢
effective mass: m,> 0 and by
changing the gas pressure we

the gas 00 |
are sensitive to different & |
[Masses >
[vH]
© 1079 - b) Tokyo+sOLAX
< :
™
(=] 10-10 - _c_) _H_B_ E.t_ar_s ______
; a) CAST
7-0 Start /n 2005 | a) axion models
10 10-3 10-2 10-1 100 101

axion mass (eV/c?)
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Cern Axion Solar Telescope

Sunset
diy

Magnet 10m superconducting N Photon detectors
Sunrise feed box LHC test magnet u,

Photon detectors

e —

Sunset axions

/

Low-background S ! | Low-back d
shielding Magnet support ‘Z sﬁi‘zudﬂ‘; o
' V\ Jack
. ~4 80°
V |

Turntable Trolley
Decomissioned LCH test magnet 7 Divingwiieel
Rotating platform

3 X-ray detectors
X-ray Focusing Device
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CAST is here:

Theopisti Daftni

LEP Point 8
(former DELPHI point)
Building SR8

§ = .
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Magnet platform,cryogenics L=10m

B=9T
CAST Experimental area 3100 times better
SRS ul® (Han any other !!

4He flexible line _ LR

.........
. L T E N Ny R
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Magnet platform,cryogenics

Cold Box

R .
A S

[ 'Looking at ..o
the sunset... | ~

- 2] AR LY i Y
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Magnet platform,cryogenics

Moving platform.

alignment with the Sun for
~50days per year
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Magnet, platform,cryogenics

e ————

ST

T T

o e % "ll!l e ﬁ'l.':l.;:‘ ?W‘ B
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Magnet platform,cryogenics

Tracking system
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Looking at
the sunrise...

i MARCH'03

Twice a year (September&March) '
we can film the Sun through the ¥ 3
window 1.

SEPTEMBER’03
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Pressure & load
logging

Continuous status
monitoring (valves,
detector gas, various
alarms

Mail and GSM
notification

On-line plots &
history recall utilities.

Theopisti Dafni

o w

,?:. Jrow CONTROL - Q @

MONITORING fYSTEM

( ]m Sampling program stop (takes ~1 min,)
Lockep  rate [sec] click CHLY OMCE
so 5 STOP
. * - I3
40 . ., B0 :
30 ;9 . /F’, an Skart of run
< - Monday, Ockober 06,
202 100 2003 07:37:54
2 = current log file
107N o SCDM_2003-10-07.dar
b 4
d 120 " current date time (no DST)
= 07-Cct-03 18:25:51
7,

Full q DedaLOw_Dag_DATAlogfiles), Application
oukput path: SCDM_2003-10-07.dag Running_|
YALVE VALVE P

OPEN CLOSED ressures
VT-1 ' | P-1 | 12966 | mbar
- | p-3  |2.996-7 | |mbar
VT2 ' | P-4 L1962 | mbar
|p-MM  |2.50E-3 | mbar
VT-3

— | 6  |3.1268 | mbar

' VT-4 “ | P-7 | 28767 | mbar

PERMISSION TOD
DPEN YALYVES Load on screws

> I <l | | I | I | Jura | 4,72 tones

P3 & Airpork | 2,08  tones
P1 |P2 o P4 P7
Micramegas Compressed RLIM
i2as air MODE
0K all OK il AUTEI__‘

Search for Axions from the Sun

DN LINE MONITORS
PRESSURES

Pressure [mbar]
5
m
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1

MONITOR CONTROLS
Plot Controls

Debbuging Stuff
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Time
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22/07/2003 -
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X-Ray Telescope

& X-Ray Detectors:

@ X-Ray Telescope
(Focusing Device)

@ Detectors flan=yer
«CCD o
* TPC D
*Micromegas
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The X-Ray Telescope

Space technology:

Spare part of the ABRIXAS
Sace mission

Telescope on the Magnet
with the CCD in place
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The X-Ray Telescope

Paraboloid Hyperbols

5 1] rril.'i.'t' . ]
N - —

~35% efficiency due
to reflections

50mm &

- —— 1.7 m

Focal Point
Ilmm &

@27 nested pairs of mirrors

* From 50mmJ(LHC magnet aperture) to ~Imm

sighal-to-noise improvement
(up to 200!1)

Theopisti Daftni

Search for Axions from the Sun
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cch

@ Excellent Energy Resolution
< 0.5 keV

@ Excellent Space Resolution

Pixel size: 150um x 150um

-

Theof)isti_Dafni

1000

800

BO0

400

200

éarch for Axions from té Sun

CCD FeS5—Mecsurement [All Events)
! ST . i

»Fe 5.9keV lines K,.L

oo 000 1500 2000 2500 3000
nnel

Surface : Ix3 cm?

Optimum working
temperature:-130°C
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cch

*"Background:

~104 events keV-! s-lcm™2

l.m_l T T T T T T T T

CERN Commissi

mmissioning,

— ——— :
(—130 C): all valid events 0.20 —15.00 keV

@ Efficiency close
to 100% over the
full energy range

(works in vacuum

i

Cu-K

i

Flux [photons/cm/skeV]

» \|Hh without window)

ol @ Constrained only

4 6 8 10 12 14 I
Background,03.04.2003,14 hrs  ——" by the telescope
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TPC

* Conventional therefore
robust and stable

@ Position sensitive (3mm spacing)
* 48 anode wires(x)
* 96 cathode wires(y)

*“time (!)
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7-P C »>Fe Calibration spectrum
132
nires 15530487

45000 846.6
Clean materials + shielding 40000 |
. 35000
+ +
(polyethylene+copper+ancient lead) -
‘ Spectrum (0.5keV)<both windows>Monitored Background -subsetn. 8- (P-T-calibrated, in|l(eV) m 25000
x10—1 Nent = 57322 20000
0 oozsi 185 x 104 jo-un 12288
ok NO SHIELDING | ¢/keV/sec/c
- o 5000
0.002| 0 500 1000 1500 2000
0.0015] - SHIELDING 6.83 x 10
B c/keV/sec/cm?
0'001:_ SHIELDING
N 5
B N, FLUX 4.38 x 10
0.0005 c/keV/sec/cm?
: =|_::|.:|_,_I—‘
0 —
0 2 4 6 8 10 12
Low Background:
<10? counts keV/icm?s?
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Micromegas

Wery-thin window

CAST Prototype: x-y structure:

He
20 mm

192 charge collection strips for x

1.5 wm pluminized mylar win dow HVI

192 charge collection strips for y

Ar + 5% leobutane
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Micromegas

6.4 keV X-ray Spectrum e
A
IIJII]E { ‘\I
o f
A
et N

Nent = 56843
Integ = 5.417e+04

* X-Ray detection Threshold:  =..
~0.6KeV o

B 16
(95%Ar+5%lsobutane) e .
« Background rate: o
10-4-107 events keV-'slcm~ 24

[mm]
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PRELIMINARY

I + +| ++|+Jr !

Analysis: CCD
1.0e—03 T
- All data within the CCD area
ool No position information used
%:‘ 6.0e—0d—
{Eg -
; i
~ i Tracking energy spectrum
= YT | overlaid with scaled background
z,oe—m_—
+ [+ H +
| P st
f ﬁ frp 41T 4 T
2 I I I 4 I I | 6
Energy [keV]

Prominent CuK, and CuK, fluorescence lines

Theopisti Daftni

Search for Axions from the Sun
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Analysis: CCD

cm’® sec

H0.25

0.2

013

0

PRELIMINARY

CCD upper Limit g ayy from fit to background subtracted data

000000

Subtracted Spectrum

Theopisti Daftni

157 -

156 : 1 | 1 1 Il | 1 1 1 | 1 1 1 | 1 1 1 | 1 Il : 1 | 1 1 1
0 0.23 0.47 0.72 0.95 1.19 1.43

¥ ve g (4l Events,

S/BG factor

)

164 |-

163 |

160 |-

159 |

_________________________________________________________________________

Search for Axions from the Sun

g qyy (95%)< 1.1x10°° Ge V!
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Analysis: CCD CCD position information

to be used in refined analysis

Number of hits in color code will reduce background by ~1/50
s s
150 - J
100 3 F I
2 B . L
50 -
T
l::|:|||||TH_‘||||||||7||||
U S0 10 20 30 40 50
Solar Tracking Salar Tracking
Frequency of hits in cells
* CCD area divided into cells of 16x16 _ _
Pixels ~ 7Tmm? corresponding to image Measuring at the same time
size of axion source of the sun background and tracking!!!!
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Analysis: Micromegas

Entries
Integral  8.74167

Calibration 3°Fe, Subset C

0_4|Lil||4nM%Wnlmm |

V| e e ..................... —
012 = ..................... .............. ..................... ..............
Y U TN U DU T N
AW CHUNN TR SUNON OO 0 U U DO
0.06 = ..................... ................... ................... ..................... .............
0 N N N T N VI

002 TR — SN — — _—

0 10000 20000 30000 40000

Dead time :~5%

Software efficiency:
Subset C 3keV: 77%

50000 60000 70000
[ADC counts]

6keV: 87%

29421

Efficiency

Theopisti Daftni

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Search for Axions from the Sun

PRELIMINARY

Stability

n

a1
o
o
o
(=)

40000

30000

Detector Stable

Mean value of calibratio

20000

X-ray conversion efficiency

1 2 3 4 5 6 7 8 9 10
Photon energy [keV]
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Analysis: Micromegas

Charge_runs_1983-2069

-1

Entries

o
o
w

N
(6]

-1 O -1
countds s~ c@? keVo
o o
o
N

0.0015

0.001

0.0005

(95%CL)< 1.41x 10-10 GeV-!
X2 /dof = 14/10

Constrained to the physical region

Theopisti Daftni

Subtracted3 |

Search for Axions from the Sun

PRELIMINARY

1530
Integral 0.00212034

Tracking (red): 20.4h
Background (black): 253h

x1072

PR T T SN (N W SN N SN ST NSNS ST S (N ST S MUY
12

I 14
[kev]
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Combined result Combined

result

Analysis: Micromegas ., . Entries 0
35}
Micromegas Data: 305

Combined result | .

of 3 Subsets 25]
20/
PRELIMINARY i
151
100
Jayy (95%CL)<1.23x 10'10Ge\é-?
X?in/dof = 28 /30 i

Do b b v b b | ||||||||X:|.O_9

015 -01 005 0 005 01 015
Gap(GEV)

Theopisti Dafni Search for Axions from the Sun La Thuile, 2004



Analysis: TPC

Tracking & background spectra combined

‘ Spectrum (0.5keV)<both windows>during Tracking -full data set- (P-T-calibrated, in keV) (total E range) o

Entries 14749

0.0006

0.0004

.|_

0.0002

=]

o

o

—
) ) e e st o P e S
UL L LR LA R

-

| I T
0 2 4 6 8 10 12 14
Energy (keV) o125

Hoaet| | 1D EFUBDEHFEFEHI A MEPcBCESwNE0 | 0o =i 5= 568 HALESQMB0NM  sssem
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Analysis: TPC

chi2 minimization — 95% C.L. exclusion.

Spectrum (0.5keV)<both windows>Subtracted -full data

¥ ./dof=36.0/28 0

x10% gaw(95%)=1.27>< 1019 GeV-!
m =
S 01— (> =39.9)
) B
> |
@ [
%0.05_— + +
E — f"""--\_\ —n—_“_
8 -0?/ I — H| Pt T | | 1 #
-0.05:—
-0.1:— 1
-0.15—
| | | | | | | | | | | | | | I | | | | I | | |

1

K
Energy (keV)w

Constrained to the physical region isu=ee -

Theopisti Daftni

Search for Axions from the Sun

HIBASS@E % 1219am
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PRELIMINARY ANALYSIS RESULTS

I cAsT Sensitivity

10 g
10° &
_ E SOLAX + COSME
Y - DAMA
> -9
8 10 TOKYO Helioscope 056\9
) = &
(%: : ?:‘;\0(\
o CAST 2003
100 777777 CAST prospects /" T T I HB Stars
10—11 ;_
10-12 1 1 IIIIII| | | IIIIII| l 1 |IIIIII 1 1 IIIIII|
10" 10 10 10" 1

M axion [EV]

CAST data from 2002 and 2003
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And yet...
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