e

EredUvh OP2PYUBP PLUSPSNRS
EPEBAHCKHH MH3HYECKHH HHCTHTYT

( N
£

2 -—0&,.2}2) - EO-536(23)-82

'K.V.ALANAKYAN, M.J.AMARYAN, R.A.DEMIRCHYAN,

K.SH.EGIYAN, M.S.OHANDJANYAN, S.G.STEPANYAN,
YU.G.SHARABYAN

- MEASUREMENT OF CUMULATIVE PHOTOPROTONS
- POLARIZATION ON NUCLEI

EPEUL 1962 EPEBAH



..

EON-536(23)-82

K.B.AIAFAKTH, M,Jix.AMAPSH, P.A,[RMIPIH,
K.UL.EMWAH , M.C.CTAHIEARAH, C.T.CTEIARAH ,
D.T. NAPARTH

MRMEPEHNE TOLIPUBAINN KyMY I TUBHHY
SOTCAIPOTOHOB HA AMPAX

IpEBONITCH TepBHE BchepmﬁeHTanLHHe IEHHNE 10 M3MEPEHND
HOIAPESANAN KyMYJATHBENY [POTOHOR B DEAKINM KA -=pX IpE 3HEp-
rm Eo = 4,5 I'eB man yoae 120° x.c. 1. Amep ®c 82Cy "5
Be8pL, | PesyapTaTH NOKASHBADT, YTO B ciyuae JAeTHAliliX ALEP
KDOTOHH [OUIPH30BAHE H BCTTIHA noaﬁbﬁsauﬂﬂ yORBAEGT C DOCTOM

MaCCOROT0 LicJa SIep.

Epesadcruil (M3rUecKyil WHCTHTYT
Fpepan 1982



EDH-536(23)-82

K.V.ALANAKYAN, M.J.AMARYAN, R.A.DEMIRCHYAN,
K.SH.EGIYAN, M.S.OHANDJANYAN,.S.G.STEPANYAN,
YU.G. SHARABYAN

MEASUREMENT OF CUMULATIVE PHOTGPROTONS
POLARIZATION ON NUCLET

The first experimental dgta on the messurement &f cumumia~
ti{e photoprotons polarization in the reaction XA - pX at
E ;:Q’ = 4.5 GeV for the angle 120° in l.s. and muclei '2¢.%%u,
1185n, 208}% are presented. The results.show that in the case
of 1light nuclei protong are polarized and the polarization va-

lue decreases with the increase of the mess number of nuclei.

Yerevan Physics Institute

Yerevan 1982



BOI-536(23)-82

YEREVAN PHYSICS INSTITUTR

K.V.ALANAKYAN,'M.J.AMARYAN, R.4.DEMIRCHYAN, .
K.SH.EGIYAN, M,S.0HANDJANYAN, 35.G.STEPANYAN,
YU.G.SHARABYAN

MEASUREMENT OF CUMULATIVE .PHOTOPROTONS
POLARTZATION ON NUCLEI

Yerevan 1982



@ Epesancxuii pusuveckuii uncruryr, 1982



1. The prﬁduction of éﬁmuiative protons on nuclei was so
_ far investigated in the maln in inelusgive processes. When try—
ing to interprete the data obtalned, it hes turned out [1 2]
thet the energy and angular apectra are satisfactorily des-
cr1bed by model representations based -on physical asaumptiona
far from each other..One appsrently needs -auch 1nveatlgat10ns
which would reveal the differences between theae models. Such
1nvestmgatlons are already planned [3] malnly in two direc- .
tions - pelarization and correlatlon experlmenta.

‘ The cunulative proton polarlzatlon at E > 1 GeV has
been investigated only 1n one experiment [4] thh primary
hadrons. Protons produced_at 162° in 1.s. are‘shown to be po-
larized. The polerizatior depends on =all ﬁérameters.of'the re-
action {(en the primary ﬁarficle energy, on the secohdary pro-
ton emission angle aﬁd homentum, on the target-nucleus),

In photoproduction of cumuilative protons there sre not
yét any data on polé.rization. .

Below the first experimental (preliminery) results are
given on the meassurement of polérization of protons produced

at 120° in l.s. from ¢, Cu, Sn and Pb nuclei, irradiated with
i L]
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bremsatrahlung ¥ -quanta with a maximum energy 4.5 GeV.

2. The investigations were carried out on the beam | ~ 3
of the Yerevan electron synchrotron on the experimental setup
"Beuteron" [5] « In fig. 1 the polarimeter design is presented.
Cumalative protons were ldentified with a range detector £6]
composed of counters C1'+‘ Cs . The proion pelarization was’
determined by means of measuring the left-right .asymmétry in
the process of detected particles scattering in the a.naiyzer.
As an analyzer the 30 mm thick gcintillator of C-. was uged.
In fact, the conditions of the experiment [4] were Treproduced,
80 a.s. to have the opportunity to make & compa.riéon. T¢ define
the scattering a.ngie, hodoscopic acintillation counters were .
used located before end after the. analyzer. The hodoscope r., ’
together witk the beam spot on the target, allows to define the
J:;hp'u"a angle of pretons in C1 , and hodescopes I"a l"_,,- and ﬂ,
- the trajectory after the analyzer. Hodoscopes ﬂ and r3
are arranged vertically, hodoscopes I}._ and 1',, - hori-
zontally. Thus, in the anaiyzer area there exist N, x Ma
"cella“, and in r5 ,I‘., area - N5X N,1 cella,' where N';, is

the number of counters in the hodoscope ri + The number of

‘counters in hodoscopes wag chosen as follows: N, = 33

N?_ = 3; N3 = 73 Nh = 7. The geometry of counters ar-
rengement was chosen in such a way that the -polar é.ngle of .
scattering was limited by the interval up to 18° {the azimu-
thel angle is 0° - 360°).

Protons identified by the range telescope -(coincidences

Cr GGy C,~C)) produced a "master-pulse" which tTigger-
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ed an svent recording system from hodoscopes to the computer
"Eléktroniké - 60", By & simple geomgtrical program the compun-
ter accumulates all the data from the particles with already
defined trajectories before and after the analyzer Cq 4 dedey
with s measured scattering angle. 7

Provisions are ﬁade for turning the pbdlarimeter arcund
the horizontal axis paasing vie centres of the target and the
whole range_teléscope; This allowg to take into sccount the
false asyﬁmetry caused by various efficiencies of the counters
usged.

H
© 3. It ig first of all necessery to define the boundaries

of aszimuthel angles for the events of "left-right" scattering
in analyzer. For that purpése we have measured the dependance
of the yleld of scattering on the pzimuthel angle for some -
interval of the scattering'polar angte. These resulis are pre-
gented in fig. 2. As is geen, fhe wnole effect is included in
the range of ezimuthal angles ‘f:-%—. - -ﬁ-_é- . It should be
_noted that Y  is an angle composad between the dlrectioms

- ' -, e — .
of axes ¥ and E , where £ = N4 XM, , 1, is the pro-

ton direction befors scattering, fl, - after scattering.
. e e Moo
Thus, the cases with ¥ , lying in the interval (%;. w%r},

were taken as eventd of the scatfering to the lelt, and the
evenis in the interval (%%EL-%ﬂT) -~ to the right. The dimen-
gions of hodoscopic counters and the polarimeter geometry al-
low fo carry cut the measurements in the polar sngle inter—
vals ﬂj% = 4% - 12°%;, 8% - 16° etc. In the present work the

resulia only for the interval -JP = 4% - 12° are given, The



lower Iimit is chosen by analogy with ref, [4] in accord with
the fact that multiple scattering dominstes in the regiomn

.\}? < 4° [7]. The upper limit . 'Jp = 12° is conditioned by the
fact that in this interval is well known the analyzing power
of carbon for the energy Tegion §f protons detected in the Pre-
gent work. As is kn&wn [7’81 » the analyzing power dependa
both on scattering angle and protons energy. In literature the
analyzing power A is commonly referred as a function of
the product ef these two paraﬁeters, or rether of N = 1}\!E? N
where £ is the kinetic energy. Fig. 3 shows the adopted
.‘from ret, [7] @ependence of the éﬁalyzing j:ower A,, on "L
for a number of proton energies {in fact, it ig the dependence
on the angle 1} Y. Since in ths bresent work the proton emep-
gy is chosen EP = 110 + 5 Nev, fhe interval /qﬂ lying
‘between the detm 7] Ep = 95 MeV and 135 MeV should be
used, According to fig. 3 the interval nf, = 4° - 120

{ 1 = 42 + 136) doesn't cover the anaiyzing power meximum

but in this interval the cqntribution of inelastic scatterings
i® negligible and for "\7{; = 20° _ 30° (n = 200-300), where
Anz A:n?'x » the cross smections of these two scatterings are
coﬁpared (see figs, 2 end 3 of ref. [f] )s (it should be noted
‘that the contributioa determining the asymmetry from inelagtic
scatterings is negligiblq too, since in this case the analyz-
ing power is at least not more than thet of elastic scatter—

ing).

4. In polarization measurements the congideration of false

agaymmetry is quite esgential. As hag been alfeady mentioned,



we Have taken into account the false agymmetry component con-
nected with various efficlemcies of counters, by carrying out
measurenents for two values of azimuthsl angles differing by
180°, However, due'to‘the system pdjuétment errors,.thé getup
rotation eround the horizontal axis as well ag virtual dis-
Placements of the targef centre during its change may lead to
geometrical asymmetry. In order to teke inte account such er-
Tors, measurements where the invesiigated effect is absent
should be carried out. As such check measurements we have car-
ried out for all nueclei measurements of the asymmétry ariging
at scatteriag of 9 -mesons detected in the same condifions.
Ag is known [6] » the rangé detector allows to pick out with
100%‘efficiency the protons and I -mesons which have stopped
in the scintillator Cq - In fig, 4 the spectra dE}Adx

{in fact, they are mass spectra, since Razcons? ) of detected
particles ere presented. At messurements with detec%ion of
Protons by a simple discrimination we have used particles fill-

ing ihe right pesk, =nd at ﬂf —~mesSons —‘the left one.

5. A3 an asymmetry we have taken the difference between
the "proton" and " N -meson" asymmetries, The results obtain-
ed are presented in fig. 5, which shows the asymmetry of pro-
tons versus the mass number A‘ of target nuclei. As ig seep

the asymmetry depends on A +« For 12

C it is different from
zero, whereas for 2OBPb i1t already vanishes, This comes to
confirm the data of ref. [4] obtained with hédron beans at
1% = 162° and at higher energies of protens.

The transition from asymmetry to pelarizstion is acconp-
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lished by the ratio

AP=-§-; ' _ (1)
where F\a ig the =nalyzing power of the sgcatterer. For this
case we canﬁot use the value A, (by fig. 3) for emergies
EP = 110 NeV, sincé the ioni?ation iess in the analyzer is
rather great (scme 15 MeV). For a correct consideraticn of
this, oné should cdﬁs?;uct a functicn A,==A,(Ep) and centract
it with the functién of change of proton energy within the
scatterer. In this work we have made an assumption about the
miform distribution o¢f ionization loss all over the depth
of the analyzer . C1 {of a 30 mm scinfillator) in the energy
interval 85 - 115 MeV (this ig the maximum possible interval
of proton energy in scintiilatqr).'lt wes then found that
Ao = 0,25, In fig. & the value P from{i) is given. Though
errqors are large, neverthelssg the results show that at the
cumutative photopfotons detection aﬁgle qz, = 120° and with
energy (110 + 5) HeV (F; = 476 + 11 MeV/c) a nearly 100%
polarization is possible.on the light nuclei.

‘In conclugion it should be noted thet the presented re-=
ults are preliminary and, therefore, we shall continue mea-—
surenenta in wider energy ranges and angles of cumulative
protons. -

The suthors would like 1o express thelr gratiiude to
AJTsAmsatuni foxr his interest in the work, to H.A.Vartapetyan
and G.4.Leksin for discussions and remarks as well as to the

~starf of the Yerevan electron synchrotron for providing them

with beam.



Fig. 1 Polarimeter design: M - #arget; f} %-f; - hodo-
scopes; A - snalyzer; C,+ Cg - scintillation

renge detector.

Fig. 2 Dependénce of (110 + 8) MeV protons scattering vield
in enalyzer'cn the azimuthal angle Y - .
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Fig. 5 Dependence of asymmetry on the mass number of nuclei
for the protons from the Teaction. h’A - pX at

{‘rp: 12¢° and EP = (110 + 5) MeV.

Fig. & The ssne dependéncer as in Fig. 5, only for polariza-

tion {by the ratia (1)).
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