PROCEEDINGS

OF SCIENCE

Tokyo axion helioscope experiment (20'+5’)

Yoshizumi INOUE*, Yuki AKIMOTOP, Ryosuke OHTAP, Tetsuya MIZUMOTQP,
Akira YAMAMOTOE, and Makoto MINOWAPd
8nternational Center for Elementary Particle Physics (IPE), University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
bDepartment of Physics, School of Science, University ofdok
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
®High Energy Accelerator Research Organization (KEK)
1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan
dResearch Center for the Early Universe (RESCEU), SchoatiehSe, University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
E-mail: per ot a@ cepp. s. u-t okyo. ac. j p

A search for solar axions has been performed using an aximsbepe which is equipped with
a 23mx 4T superconducting magnet, a gas container to hold diggersatching gas, PIN-
photodiode X-ray detectors, and a telescope mount mechaidrack the sun. In the past
measurements, axion mass up to 0.27 eV have been scannethiwitielioscope. It has been
upgraded to handle dispersion-matching d#e] of higher density to explore higher mass re-
gion. From December 2007 through April 2008, the axion magi®n 084 < m, < 1.00eV was
newly explored, where the axions in the “photon-coupling wess” parameter regiogd,-m,)

of the preferred axion models were newly searched by thisraxgent. From the absence of any
evidence, a limit on axion-photon coupling constant wasesbegas, < 5.6—-13.4x 10 19Gev 1

at 95% confidence level in the above mass region.
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1. Introduction

In the solar core In the magnet
The axion is a Nambu—Goldstone boson, o——-a ama e v
of a spontaneously broken U(1) symmetry, the
Peccei—Quinn symmetry, which was introduced Ze e B

to solve the strong CP problem in quantum chro-

modynamics (QCD)[J1]. If its massy, is at Figure 1. The solar axions produced via the Pri-

around a few electronvolts, the sun can be a pow.Makoff process in the solar core are, then, con-
. - verted into X-rays via the reverse process in the

erful source of axions and the so-called ‘axion he-

, _ magnet.
lioscope’ techniqgue may enable us to detect such

axions [2[B].

The principle of the axion helioscope is illustrated in Fig. 1. Axions are ergeto be pro-
duced in the solar core through the Primakoff process. The averaggyeof the solar axions is
4.2 keV and their differential flux expected at the Earth is approximatef ] [

dd,/dE = 6.020% 10!%cm 25 keV 1]

g 2 E 2.481 E
X 24 expl —=—=—=——-—,1/, (1.1)
10-10GeVv1 1keV 1.205keV

whereE is the energy of the axions amy, is the axion-photon coupling constant. Then, they
would be converted into X-ray photons through the inverse processtinrgamagnetic field at a

laboratory. The conversion rate is given by
L z ir
/dzBLexp[i/dz’ (q—)]
0 0 2

2
Py = %exp {— /oLdzl'] X

wherez andZ are the coordinate along the incident solar ax®njs the strength of the transverse

magnetic field,L is the length of the field along-axis, I' is the X-ray absorption coefficient of

the filling medium,q = (m? — mg) /2E is the momentum transfer by the virtual photon, amds

the effective mass of the photon in medium. In light gas, such as hydragegliom, m, is well

approximated by
my = /41 Ne/ M, (1.3)

wherea is the fine structure constanty is the electron mass, ardi is the number density of
electrons. In vacuum, the axion helioscope is not sensitive to massivesatiee to a loss of
coherence by non-zep However, coherence can be restored if one can adijush ms.

We adopted coldHe gas as a dispersion-matching medium. The gas was kept at almost
the same temperature as the magfie§ 6K, which is just above the critical temperature’efe,

T, =5.2K. Itis worth noting that axions as heavy as a few electronvolts cardobee with helium
gas of only about one atmosphere &#te will not liquify at any pressure at this temperature.

In 1997, the first phase measureméht [6] was performed without treogéainer. In this mea-
surement, the sensitive mass region was limitechye< 0.03 eV since the conversion region was
vacuum. In 2000, the second phase measurerflent [7] was perforneateh for sub-electronvolt
axions. This experiment, together with the first phase measurepient [Blegian upper limit of
ay < 6.0-10.5¢ 10-19GeV-1 (95% CL) form, < 0.27eV.

Here, we will present the result of the third phase measurement in whicimaiss region
around 1 eV was scanned using the upgraded apparatus to withstaed frgésure gas.

2
; (1.2)
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2. Experimental apparatus

refrigerators

The axion helioscope consists of a supercon—sulmmducmw _—
ducting magnet, X-ray detectors, a gas container, N\
. . PIN photodiodes
and an altazimuth mounting to track the sun. The
schematic figure is shown in Fifg. 2.

The superconducting magnét [8] consists of
two 2.3-m long race-track shaped coils running
parallel with a 20-mm wide gap between them.
The magnetic field in the gap is 4 T perpendicular
to the helioscope axis. The coils are kept at 5—-6 KFigure 2: The schematic view of the axion he-
during operation. The magnet is made cryogen-ioscope called the Sumico V detector.
free by two Gifford-McMahon refrigerators cool-
ing directly by conduction, and is equipped with a persistent current switch

The container to hold dispersion-matching gas is inserted in the gap of theemaigrbody
is made of four stainless-steel square pipes welded side by side to eachanttl is wrapped
with 5N high purity aluminium sheet to achieve high uniformity of temperature. drifrmity
of the temperature guarantees the homogeneous density along the lengthcohthiner. The
detector side of the container is ended with an X-ray window which is traespt X-ray above
2 keV and can withstand up to 0.3 MPa. The container is fixed to the magnés atda through
a temperature-stablilized thermal linkage. The solar end at the opposite bideiended and is
suspended by three Kevlar cords, so that thermal flow through this énghly suppressed.

To have automatic sequential pressure settings, a gas handling systetmstiotHORIBA-
STEC Piezo valves and a YOKOGAWA precision pressure gauge. Fagenwy exhaust of the
gas in case of rapid temperature increase due to a magnet quenchiggganic rupture disk,
which is designed to break at 0.248 MPa, is also introduced into the gabrigasyistem to avoid
destruction of the X-ray window by the over pressure.

Sixteen PIN photodiodes, Hamamatsu Photonics S3590-06-SPL, arasude X-ray detec-

tors [9]. In the present measurement, however, twelve of them arefoiséte analysis because
four went defective through thermal stresses. The chip size of agibd®is 11x 11 x 0.5mn?,
and the effective area is larger thax®@mn?. It has an inactive surface layer of3Bum [[LQ].
The output from each photodiode is fed to a charge sensitive preampliiiewaveforms of the
preamplifier outputs are digitized using FADCs. We applied off-line pulspisgdo the recorded
waveforms as described in Reff. [7]. Each photodiode was calibraté®kyeV Mn X-rays from a
55Fe source installed in front of them. The source is manipulated from the ewtsitis completely
retracted behind the shield during the observations.

The entire axion detector is constructed in a vacuum vessel and the igessmunted on a
computer-controlled altazimuth mount. Its trackable altitude ranges @8 to +28° and its
trackable azimuthal range is almost 36(However, in the present measurement, the azimuthal
range without a human intervention is restricted to abotitt&ause a cable handling system for
its unmanned operation is not completed yet. This range correspondsxpasuee time of about
a quarter of a day in observing the sun. During the rest three quaftarday, background was
measured.

/// i
/// solar axions
{

vacuum vessel

/tumtable

gas container
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Figure3: The left figure show the exclusion plot fgs, as a function ofns. The shaded area corresponds to
the preferred axion modelﬂll]. Two slopes in the area spoed to two typical axion models. Other lines
show the upper limits and preliminary ones are in dashed.lifiéhe new limit and the previous orﬂsﬂi, 7]
are plotted in blue lines. Limits by other axion helioscoppeximents: Lazaruet al. [@] and CAST ]
are shown in red lines. Limits by axion Bragg scattering expents [14]: SOLAX [1b], COSME([16],
DAMA [, and CDMS ] are shown in green lines. The blackidtine shows the solar limit inferred
from the solar age consideration. The right figure show thenifi@d view of the new limit.

3. Measurement and Analysis

From December 21 2007 through April 21 2008, a new measurementeviasmed for 34
gas-density settings with about three days of running time per setting. aheext mass range was
0.84-1 eV. Since we had not completed the gas relief system, the highegydegs determined
so that the gas pressure would not exceed the breakage prestweawgfture disk even during a
magnet quenching.

Energy spectra for the solar observation and the background arneexbfar each density
settings based on the measured direction of the helioscope. Event redarcioess was applied in
the same way as described in REF. [7]. We searched for expectedsigiwis which scale witggy
for variousmy in these spectra by applying a series of legsfittings assuming variousy, values.
Data from the 34 different gas density settings were combined by usingtimady? of the 34.
The energy region of 4—20 keV was used for fitting. As a result, no siginfiexcess was seen for
anymg, and thus an upper limit ogy, at 95% confidence level was given.

Fig.[3 shows the limit plotted as a function wf. The previous limits from the firsf][6] and
the second[]7] phase measurements and some other bounds are alsarpthteshme figure.

4. Conclusion

The axion mass around 1 eV has been scanned with an axion helioscopehittelium gas
as the dispersion-matching medium in the 4 2.3m magnetic field, but no evidence for solar
axions was seen. A new limit agy, shown in Fig[B was set for.84 < my < 1.00eV. This is the
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first result to search for the axion in thg,-m, parameter region of the realistic axion modéls [11]
with a magnetic helioscope. Full description of the present result is putiliatief. [19].
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