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Abstract

The proposal concerns the commissioning of therReld Internal Target (PIT) with
deuterium gas at ANKE and the initial research phtswill include the measurements of vector
and tensor polarizations of the deuterium gas taijee dependence of the polarization along
the storage cell should be determined as well. ditecipated physics program of single- and
double-polarization measurements with the deutegamtarget and unpolarized proton beam is
briefly outlined, as well as the results of the ocoissioning of the polarized hydrogen gas target
carried out previously. The status of the differ@®fiT components is discussed, and the time
schedule for the commissioning of the polarizedel®um target is presented.

The first phase of the commissioning is plannechadit COSY beam. This time is
required for changing the ABS operation from thelrogen to deuterium gas, tuning up the
performance of the ABS transition units and measutine polarization of the deuterium atomic
jet with the Lamb-shift polarimeter. The secondtpafrthe commissioning with unpolarized
proton COSY beam is requested to determine theedeat target polarization, the target

thickness and polarization dependence along theagso cell using thepd-elastic at

T, =135MeV and quasi-frepn —dz° reaction at F=353MeV.
For the activities outlined in the propogalp weeksof beam time are requested.
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1 Introduction

A key feature of the ongoing and planned experism@ntANKE is the use of polarized
beams and targets which allow us to perform dopblerization measurements [1]. The first
experiment at ANKE that requires the polarized deui target is planned to be the

measurement of the spin correlation parametggsaAd Ay in thepn—{pp}sc process, where
{pp}s is a proton pair ifS, state. This measurement is a part of the expetah@nogram at
ANKE aiming at the extraction of the four nucleoisspcontact term in ChPT, corresponding to
an effectiveNN—NNz vertex [1, 2]. Therefore, we propose to focus lo@ ¢onditions of this
experiment during commissioning of the polarizedtdaum target.

Since 2005 ANKE is equipped with a Polarized Inéérgas Target (PIT) [3] (shown in
Fig. 1), which consists of an Atomic Beam SourcB$\ [4] feeding a storage cell (SC) and a
Lamb-shift polarimeter (LSP) [5]. The equipment nounted on a special bridge located
between the beam bending magnet D1 (shown in frignd the spectrometer magnet D2. The
large-volume target chamber is supporting the gmreell together with the Silicon Tracking
Telescopes (STT) [6]. The Lamb-shift polarimeterstalled below the chamber, is used for
online tuning of the transition units of the ABSdas capable to monitor the atomic polarization
of the ABS beam during experiments.

The polarized hydrogen internal gas target has bé#eady commissioned at ANKE, as
described in Sec.2, and a first physics experingesatheduled for October 2009 [7]. The aim of
this proposal is to commission and study the peréorce of the polarized deuterium gas target.

Fig. 1. Photo of ANKE with the Polarized Internal TargetTPinstalled between the beam bending magnet D1
and the spectrometer dipole magnet D2. The mairpooents of the PIT system are: Atomic Beam Souh&Sj,
Lamb-shift Polarimeter (LSP), and the target chamsgportingthe Storage Cell (SC) together with Silicon
Tracking Telescope (STT) system. The COSY beanrettie setup from the left.



2 Results of the polarized internal target commissioing with
hydrogen gas

During initial commissioning of the ABS in summe)d5 (allocated to the proposal #146
[8]), it has been shown that the source can beatgerin a strong magnetic stray field of the
spectrometer magnet D2 with an additional shieldihgome components. In order to increase
the flux of polarized atoms into the polarimeted ahereby to increase the sensitivity of the
direct measurement of the target gas polarizatiten LSP was mounted below the target
chamber. A separate bench to support componertteegiolarimeter was designed taking into
account the spatial boundary conditions in the ANKEet region and the movement of the D2
magnet together with the target chamber. All posugsply units for the ABS and the LSP, as
well as their slow-control system [9], were mounteda common transport platform.

The final commissioning of the polarized interngbliogen gas target was successfully
completed in November 2006 / January 2007 [10-IRjting this time all available COSY-
techniques at like electron cooling, scraping géadtion, stacking injection and stochastic
cooling have been used. The Unpolarized Gas Supydyem (UGSS) [14], a large number of
ANKE detection subsystems, and the silicon trackelgscopes have been employed during the
measurements.

In preparatory to these studies the storage cdlitarsupport mechanism were upgraded.
This allows installation of the silicon trackingldscopes near the storage cell and using of
various unpolarized gas targets (hydrogen, nitrpgén) with calibrated target thickness. The
body of the storage cell was produced fromu@bthick aluminum foil, with the inner surface
covered by ~im Teflon. The beam tube had a cross section of PBmnf and length of
390 mm [15].

For the first time studies with the COSY polarizkgliteron beam at a flat top energy of
T4 = 1.2 GeV were performed using the storage cal. (Fa), fed with polarized hydrogen gas.
The results are presented in the following subsesti
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Fig. 2. a) The storage cell installed in the target chambegether with the Silicon Tracking Telescope (STT)
system behind the cell. Two Teflon tubes, comingnfrthe top, are used for the unpolarized gas fgedin
b) The number of stored protons in the ring duriragking (120 stacks) through the storage cell foldvy 10 s
of electron cooling and accelerating to the flat émergy.

2.1 Results of the COSY-beam devel opment

To compensate beam losses on the storage-cell dating injection, a long cooler-
stacking injection was implemented. Even withootkastic cooling (this is not available at the
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beam energy of J= 1.2 GeV), the achieved beam quality generallpwad the deuterons to
pass through the cell without touching it. The pare of scraping the accelerated beam using
the COSY-scraper system before data taking minignidee background coming from
interactions of the beam halo with the cell wall.

Switching off the feeding of the storage cell dgrizooler-stacking and electron cooling
prior to the injection helps to store and acceterabre deuterons in COSY. After optimization
of the acceleration procedure almost 99% of thetighes (at this time it was about
7 - 10 polarized deuterons) were accelerated to thetdlatenergy (see Fig. 2b). This value,
together with the polarized hydrogen target thiclsnefd; = 1.34 - 18°cm, led to a luminosity
of L~ 1.0 - 16’ cm?s™.

Prior to the data taking, Low Energy PolarimetryER) was carried out with eight
different polarization states. Based on these t®dlle five spin modes with the highest intensity
and polarization were selected for the experimsee (Table 1).

Table 1.Polarization value measured with LEP and ANKEffee deuteron vector polarization states.

) | theoretical maximum polarization measured vectdanmation
intensity vector (R) tensor () LEP ANKE
1 1 0 0 +0.008 £ 0.008 compatible with zero
2 1 24 0 —0.545 + 0.006 -0.33+£0.08
3 1 +4 -1 +0.257 £ 0.008 +0.15 £ 0.08
4 % -1 +1 —0.723 £ 0.006 —0.66 + 0.09
5 % +1 +1 +0.597 + 0.004 +0.63 £ 0.09

2.2 Studieswith the PIT

After the installation of the ABS at ANKE the tatgeolarization has been maximized
and the equality of positive and negative polamwet has been verified by the online
measurements with the Lamb-shift polarimeter.
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Fig. 3. a) The missing-mass squared distribution fordfﬁa—» dp,pX reaction, measured with the storage cell and
the 1.2GeV deuteron beam. Red (black) histograms shovetarglarization with “spin-up” (“spin-down”) after
background subtraction using nitrogé).The target polarization measurements with the L-ahifi polarimeter
carried out every 24 hours during the beam timégaimuary 2007.

Switching of the polarization states of the targeery five seconds between the
maximum positive (“spin-up”) and negative (“spinvdd’) values allows for the online

monitoring of the polarization values, extractednirdp— dpspX reaction (see Fig. 3a). In
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parallel to data taking, the count rate asymmetiythe different target polarization was
measured every 24 hours (see Fig. 3b) using thebisift polarimeter and stability of the
source has been confirmed.

Unfortunately, the Lamb-shift polarimeter measutks projection of the ABS beam
polarization on the horizontal line only. Strayldie of the D2 magnet deflect the quantization
axis of the polarization, defined by the longitualisolenoidal field of the ionizer [5]. Thus, the

measured polarization value was lower than theaeted value fromnp—dz® reaction of
Qy =0.75 £ 0.06 and, furthermore, had the wrong ¢sg®e Fig. 3b). Use of a rotatable spinfilter
[5] and a better shielding after the ionizer calp lhe overcome this problem in the future.

2.3 Dataanalysis

The achieved value of the target polarization ex¢h from the analysis of the quasi-free

np—dz° reaction was measured to be, €0.75 +0.06. It was higher than in the first
measurements which took place in 2006 (COSY prdptk2b.2 [10]). The clean identification

of events for the exclusivép-reactions with a long storage-cell target has t@mnonstrated.
This was done on the basis of experimental infoilonaiobtained from the polarized hydrogen
gas target, and the known shape of the backgroundh fthe cell walls, determined
experimentally by injecting nitrogen gas in thd ¢gte Fig. 4a).
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Fig. 4. a) Missing-mass distribution from thep — pnz" reaction, measured with the storage cell. The open
histogram represents the results from the hydrdgaget, the background distribution, measured witfogen is
shown in greyb) Angular correlation between the protons and deutedetected in the STT and forward detector,
respectively. The expected kinematical correlatarthedp-elastic reaction is shown by the black line.

A clean identification of the following processeip(—dpsyz°, dp—(pp)n dp —°Hez’,

anddp—dp) with one final particle undetected at ANKE hambechieved with the missing-
mass technique. The last channel was identifiedstirhackground-free (see Fig. 4b) by using
the silicon tracking detectors in coincidence with ANKE forward detector system. The value

of the vector polarization Fof the deuteron beam was extracted from the duesinp—dz°
reaction using known analyzing power of fhe—dz" reaction [18]. The same process was used
to determine the target polarization. The resQR;‘NKE>= 060+ 010, is compatible with the

value of (P'*") = 0.660+ 0.003, obtained from the LEP measurements.



3  Polarized internal deuterium gas target commissiomg

Nearly all necessary equipment for the commisspoiiithe polarized internal deuterium
gas target will be installed at ANKE in the begmyiof October 2009. All PIT components and
one STT will be used in the double-polarized expent with polarized hydrogen target and
polarized deuteron COSY beam (see proposal #17D.1The time for commissioning with
deuterium is desired to be allocated in the nerptweeks (calendar weeks #48 and #49) because
it will tremendously reduce the manpower and trstalhation time. Since the target is installed,
there is no need in dedicated maintenance weedxdranging of the cluster target to the atomic
beam source and installation of the Lamb-sift poiater.

The first commissioning phasedoes not require the COSY beam. The first taskilsho
be to change the ABS operation from the hydrogendeaterium gas and optimize the
performance of the transition units of the souiidee commissioning with deuterium gas is more
delicate than with hydrogen, because only two dsixodeuterium states (|]1> and |4>) are pure.
Other four states are mixed. Switching on the spawter magnet D2 will influence on the
magnetic field in the region of the storage celus, the polarization value of the deuterium
atoms will strongly depend on the ratio of the axaé magnetic field to the critical field (see
Fig. 5). In case of deuterium, the critical fieklaqual to 117 G. The measurements of the 3D
magnetic field map at the ANKE target chamber nibar storage-cell region with different
settings of the D2 magnet are obligatory. It cardbee afterwards, while the ANKE chamber is
open for mounting of the STT.
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Fig. 5. The expectation values of the vector (left) andsten(right) polarization of the hyperfine statestbé
deuterium as a function of an external magnetidfiB, = 117 G — is the critical field.

All possible polarizations of the atoms coming frtime source (see Table 2 and Fig. 6)
should be measured with the direct feeding of tAmlb-shift polarimeter at different settings of
the ANKE magnets:

* ANKE magnets turned off — pd=0A; By, = 0T,

* ANKE magnets in “stand-by” mode - 44 A;

» Atthe first requested energy — 135MeV  —, 34 272.63 A; B,=0.4113T,;

» Atthe second requested energy — 353MeV p> =1473.9 A; B,=0.7026 T;

* One intermediate field - pB=13T,;

* D2 magnet at the maximum field - 02B 1.58T.



The ANKE magnets can be switched on only when thasttion units of the atomic
beam source have demonstrated proper polarizasitues without magnetic field. These values
should not be lower than the ones obtained inagheratory (see Table 2) [16].

Table 2. Possible configuration of the target polarizatiothe storage cell fed with different gases.

Hydrogen Deuterium
P, +1 -1 +1 -1 0 0
P,, - - +1 +1 +1 -2
Transition MFT MFT MFT MFT MFT MFT
Unit #1 2—3 2—3 3—4 3—4 1—-4 1—-4
Transition B WEFT B WET B B
Unit #2 1-3 1-4, 2-3
Transition B 3 SFT B SFT SFT
Unit #3 2—6 2—6 3-5
Atomic states 4 3 146 3+4 3+6 245
injected
Laboratory vector vector vector vector tensor tensor
ABS results | 0.89+0.01| -0.96+0.01 | 0.73+0.05| -0.82+0.06| 0.77+0.06| -1.17+0.08

160 7 140
MFT 3-4

140 120 WFT1-4,2-3

120
100

100

80
80

60

60
40 | | 40
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
500 550 600 650 700 750 800 850 500 550 600 650 700 750 800 850
120 — : : : : : : 140
MFT 1-4

120 1
100

100
80

80
60

60
40 40

| | | | | |

500 550 600 650 700 750 800 850 500 550 600 650 700 750 800 850

Fig. 6. Lyman o spectra of deuterium ABS beam measured with Lahifb{solarimeter in the IKP laboratory. The
two top pictures shows vector and tensor polarigeslpottom ones — only tensor polarized deutebeam.



When the first part of the commissioning with thanib-shift polarimeter will be
completed, the machine development can be initigked safety reasons, the STT-detectors
should be installed in the target chamber onliaéf heam orbit is optimized and the losses on the
storage-cell walls at injection and during accdleraare small. Two telescopes should be
mounted on the left side of the ANKE target chan(asrshown in Fig. 7) and installed as close
as possible to each other. It means that theSifdt should be shifted from its nominal position
downstream by 30 mm and the second one - 30 mmeapstwith respect to the COSY beam
direction.

SIT#1 STT#2
| ' | | ' |
I |
storage-czll ! !
team ke ! 3l 30mm. !
| — aff—
COsT \
beatn \

ey 1 | PR [

Fig. 7. Position of the STT at the ANKE target chamber.

The second commissioning phaseith unpolarized proton COSY beam is requested for
determination of the deuterium target polarizationthe storage cell using thad-elastic at
T, =135MeV and quasi-frepn —dz° reaction at F=353MeV.

3.1 Target polarization from pd-elastic scattering at 135 MeV

The deuteron target polarization can be determired pd-elastic scattering at a beam
energy of = 135 MeV where the differential cross section amélyzing powers are known
and relatively large [17]. The simulations showttwéh the third layer of the STT detector one
can clearly identify deuterons, stopped in the sdaor third detection layer (see Fig. 8a). The
first telescope will cover the central region of storage cell with the highest target density. The
second telescope will give more information abalapzation dependence along the cell.

Assuming the target thickness of 1 **Ifiblarized deuterium atoms in 2 HFS and an
unpolarized COSY proton beam intensity of'°irotons, which leads to a luminosity of
L ~ 8 - 18° s’cm®, we expect that 4 hours of data taking for eadhrjzation state are sufficient
to reach accuracy of 1% in the target polarizatibeking into account time for changing the

polarization state, we are confident thatpheelastic measurement can be done in 1 day.
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Fig. 8.a) Energy loss in second versus third STT detectar|d®) Reconstructeda events (red color) with two
STT detectors. Grey color triangular shape is &énget density distribution along the cell (the AB8s at zero).

3.2 Target polarization from quasi-free pn'—dz° reaction at 353 MeV

The measurement of,Aand Ay observables in then —{pp}st process is planned to be
the next experiment of the ANKE double polarizatiprogram [1]. This measurement is of
relevance for the ChPT and is proposed to be chaig at a near threshold beam energy. Only
vector polarization of the deuterium target is mekdor this experiment. We propose to

determine the polarization value using the quassin —dz° reaction since the analyzing power
in this process is rather large at 353 MeV (see %ag, and is available [18].

The missing-mass-squared distribution for Wpsmx reaction, whereps, is the
spectator proton, is shown in Fig. 9b. This disttibn was obtained in a measurement with the
polarized proton COSY beam and the deuterium aliatget, carried out in April 2009 [2].
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Fig. 9.a) Analyzing power ,9“ at 353 MeV from SAID [18]b) The pion missing mass spectra at 353MeV.

Assuming the target thickness of 1 *lfiolarized deuterium atoms in 2 HFS and
unpolarized COSY proton beam intensity of °ifrotons, which lead to a luminosity of
L ~ 10?° s'em?, it is anticipated that 9 days of the measuremangssufficient to reach 5%
uncertainty in the vector polarization.
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3.3 Target thickness and background determination

The mean frequency shift of the circulating paeticin the storage ring during the cycle
Is used to determine the internal target thickj&8% The Schottky spectrum of the individual
cycle shows deceleration of the beam after paghirayigh the target, which gives a shift in the
revolution frequency of the beam. This shift deead the target density and the type of gas in
the target.

For determination of the background, generated ftoenCOSY beam interaction with
the cell walls, the UGSS will be used. The backgbtrom aluminum walls could be removed
from the obtained data by using data, taken witpolarized nitrogen (see Fig. 4a) [20]. This
method was successfully used with polarized hydragternal gas target and can be applied to
the polarized deuterium gas target as well.

4  Time schedule and beam time request

The proposal requires IN TOTAtwo weeks This time will split in two phases for the
activities listed above as follows:

1. The first phasefor commissioning of the deuterium polarized intdrgas target with the
Lamb-shift polarimeter should directly follow the week production run with the
polarized hydrogen target, scheduled for calendeeks 42-46. It is planned to change
the ABS operation from hydrogen to deuterium gase $ource will be commissioned
with use of the polarimeter, radio-frequency traaosi units will be optimized for
deuterium beam, and the polarization of the atoseslihg the storage cell will be
measured. The commissioning and tuning work netegesidifferent magnetic fields of
the ANKE dipole magnets. This task can be fulfilied days

2. The second phasewill consist of the data taking at two desired rgies. One day

should be foreseen for the measurementpdeglastic scattering at a beam energy of
T, = 135 MeV. The measurement above should be follobyed daysof data taking with
proton beam at the energy of ¥ 353 MeV, where later the (A A,y) measurements of

thepn—{pp}s reaction will take place.
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