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Absiract: In this note we oxamine soveral methods o calibrus in thy most offiviont way
the gallin detectors wied in the solyr newring detestion.

We sonclude thi » yalliun terger consisting of metallic galloam (detetor SAGE) 15 much

Faed

more Pavourable than one besed on galliven chivride solution {detector GALLEXD I we make

the wst use of the oxistioy eguipmenss {(GALLEXY BAGE standard tank, remoiz bandling
syssnin, pumping svatem. o) and enriched chromium (36 kg of ohips from GALLEX

calibrasion

Tments), we propese 3 vartangs of definitive calibration experiments t© resch

a stabistival ereor Below 495 OGATLEY standard tank snd GALLEY newtring source bat with

wotal activity § tmes more than mavious one (2 9.6 MO SAGE standard tank and SAGE

compnsite compact sonree but with totsl astivity $ tmes more than previous one {2 2,5 MO,
and SAUY smndard tank with metsilic gallbon and GALLEX composite source based on
chips but with toral activiry at loast 7 thues wore than previons one (2 5,6 MO

s are b ouse metadlic gatliom

el

Cither poasibilities o carry out new calibrafion exporin

-

slaced into s big vessel containing 50 t of galltem with source bused op GALLEX chips (A 2

2 M o with comapact SAGE compostie source {4 2 1,5 MO

As an slfornative ﬂmpmaciz pre could buld o compact nestring somrer based on 7/

isolope w g or 3 MOE13 cof gallivm),

¥

T irradiie the chrovmmn z:’nigp&: {or rods) we propese to wie one of the Bussan reactus:

the bigh flux vesctor M3 (Dimitrovgrmly, the fast brooder reactor BM-6I (Karechuy) and

=

thy heavy water reactor LUDMILAL

Dot nddress: Fratitwe of Theomtion! sed Prperlinental Phymios, Moscow, Bussia,




Intreducting.

X8 B zmxamuz‘; P11 and SAGE {2] are pressdly the

3

The galliun detuciors GNG {TUALL
only observameies oontinuously monlioring the bow orergy part of the solar neutrine
They essure the principal ;:»ti:-z::zg;:(zzze:m of the sohar neairing specirum tharks o the low

3 ~ A 4
)] %

threshold of 233 keV for the Cal Vot Y e resction, well below the end point of e
neutrinos emitted in the profoveproton {pp) fusion. This reaction 13 presdicted by standard solar
models to mrmiuce $1% of the totnd flax, Therefors, sstronomival nforenes wnd particle
physics applivations of solar neetring stadies vely songly on the messured vates 1 gatioum

experiments 131 I the next foture, gallhum cxperiments will be g reference for low energy

sofar negtnne dutectrs of the “ful

ve gerpration”, which hopefully should start in the next

devade (4,51

The measured captore rate by OMNUVOALLEN 18 708 0 48 {star ) -+~ 3.8 {sys) SNUP [6]
with a target of Gally waler solution, and by BAGE s 672 + 72070 (staty + 3,503 4 {sys)

SPLH U7 with o target of pallinm metal These resolis are both well belaw the Standard Solar

¥

Model prediction from Babeall o all [8) of 128+ 847 SNL (measurediexpested ratin is (155
arud 3,33 for OPO and SAGE, .z"z:.s;";‘z’:at"m:ﬁij{}. The geveral implications of these vesults have
neen discussed by many authors [2,3,6,9] We would Hke to mentinn that she imferences and
apmilivations of gallium experiments will become wore stringe as UMNO and SAGE reduce
the statistion] and the systematin uncerinties in the meusured gallfum rate 1w reach 4 global
uncertaingy < 3%,

The qallior experiments rely on the ability fo wxtiact 3 fow stoms of e from several
wns of galbiues, In such a sitastion one can fegitimately question bow well the extraction and
counting officiencics are known, We dole haet numemus investigations bave been undertaken
during the GALLEX/GNO and the SAGE experiments to ensurs that the varions officiencies

aye p;ft:»;’n‘:z’iy evalanted: tracer experiments with stable gormanin wnd with geemaniue Cartier

stoped with (Zic; wAGE experiments in whuch Hgad gallivm we

=1 with the § sowees
Fietn and TG whivh devay to “Ge and e the spiking of the GALLEX detector with 37
soarce | As, which deoays i e {191 Meverthelzss, the most direot experiment of this tvpe
imvolved the ivadiaiion of galliom with 2 known fluy of low energy neutrinns from man-made
negiring sousce, so-called the souroe calibrmtion exporiments, As the source aclivity can be
messured W very gomd scouracy (- [ 2%, the experiment determines the product of the

Higtency and the oross section LB, Thus any interpretation of the resulls us a feal of




recovery and conniing procedures requires siict bounds on oross section uneariainties. On the

.

soodd due to the experioentad lesis

comrary, i we belleve that she chemdsiry is well unden
smentionzd above, one can address the guestion of the noutrine s sootian,

The measared seatring capture cross section o denved from calibration experiment, can b

where & i3 an activity of the neafring sowee, = s N B s the sloeic der

tertope, <l iy the mean path leogl of newdring through gallicn targer and M/ is the

papture vte of newtrinos o gelifam groond the sowrcn 2 s the efficiency of yooovery and

[eatH 2u2»2" 18 Cehiares,

s carried oot calibration experents with neatring
sources based on Ly dsotope GALLEX Collebwrstion hutlt two neniring sourmes with
activity of 1,71 MU and 1,87 MO respectively [107] and the SAGE Collaboration made 4

yesrinG sourey with setivity of 0316 MO 1L

&

The SAGE Collaboration measured the a0 srons section vabue with an acamacy ©
2% (1] The consbingd resdis of the two GALLEX calibration experiments, the ratic B
butween activity deduced from e onpumting and the directly measured aotivity of the source
is muasured with the accumey of §.8 % {1

The matn poal of Futwre calibration cxperiments I3 to reduce the statistioal and systematic
srvors up 1o ahout 4% each {0 2.8 SNUY 2,120 In this Wote we will discusy anly 3 possibility

i reduce the statisticn] error of the experiment and leave aside the problem of sysiernatc

wnceriainiios.

T imapreve the statistical nncertainty soversl possibilities exist

s increase of the atormic deusity 13 {#F ol ey of the trradinted target.

«  ipcrease of the mass of gallium Qup w50 oy which inoreases the eifective path length,
Chs)

% crease o the detector effiviency {exiraction, counting

» invresse aclivity of the snurce A

Ofwvicusty, the stande density 12 s higher in metallic gallinm {p = 8,098 glowm™), 210187

o

avmm’ (117 compared to 0,1948. 107 gtfend” for galliam ehloride water sohstion target {131
Thus, # divect way 1o inprove the socuracy of the “ia nentrine cross section measurmmont i
to carry oul the calibration weporiment with welallic gailium target (the BAGE deteoior’s

£A5E).



The «l.e value rises as the typical size of the golliuny wras

& g »\/

4 and woes with the mass of

gatliuny as ~ m. Thus, the ¢ of increasing of 2 mass of gailivm From 13 ¢ up

to 301 s ondy facer K, ~ (507137

Taking o account z value of the extraciion efficiency {~ ¥3-83%} and & value of
counting efffciency for Lo angd Kopeaks {~ 6333 for both experiments, SAGE and GNO, e
aniy way o improve ihe defector efficiency s fo norease the officiency of proportinnal
counters. At presens, so achiove an efficiency for Piedeonys clise to 100%, @ oryogenic
detestor should b asad (141 In this case the mwomum effect of increasing the detgetor

pificiency is only factor Koo ~ (1OP6S - 1,54,

We weonld ke W stress that the mest effeciive way 0 improve the statistical seror {5 4%

Lat's disonss pry

i calibravion for both fargets:
a) the gallium chinride warer sobiion twger {dewctor of GNO Collabwration mt LMGS,
Ttk

by the gailiam meal trget {detector of the 3AGE Collaboration at Baksan Mentrme

Utbservatory, Russial

1. K-caplure isotopes as neutrine spures.

p KIS . . ) Fe
The value of the “'r neutrino oross section on

a consists of twio components {see

g it 1) tansition to the gound state with very well deternined 7 strength and 23
;. st 8 . . o : D irn e g O )

fvavaition o 1Y and 3nd sxoied stwies with estimated contrthutions of about 5% o ine

I

S YRS ] 1 D oy w3
standard value of the wal cvoss secion (38,1 42,17 - 18y « 1077 cm® {31 These wesk

sxotied state ovoss sections are only cebmaied fom (o) :%ij’gz(iies 115} and from s
studios [ 1] that bave large experbuergal ervors, 50% and 40%, respectively.

The ideal valibration of galliom with neutring source wonbl use Two neutring sources with
difforent energios: frst one shuuld omdt only Jow energy nentrines (£, = 408 keV} to calibrate
ransition i the g:t‘a‘:szi: state of | 'Ce, and 2 socond with the enoegh energy to exite 1% anidfor

Iz

hoth oxcited states of T'Ge {Le. T35 keV = B, > 408 keV and B, » 733 keV The comparisng

of the reendts of these two sxperiments gives o possibility o separste the contributions of both

excited siates snd a0 obtain o nure reliable Interpretation of sular neutrinn duta.

rhments with sourses of lower sutivity by whohostoold b



L3

A nember of Kecapture isotopes of different energies wure *3‘:.'{3;}4‘35&1% a% yoan-rade newir

sonrces for oaliteating Jow tresheld solar weutring detectare 7 Cr [IARL VA {197 and

{201 (see Table 11,

Tablel. Main characteristics of Kecaplure 18010pes proposed 48 neuiling spurees.

451 eV (96%)
572 keV (1,7 %)

f}’ ~ . ‘}i &Lg
{internal bromsst)

Ry
: 4‘) 6 i\x» {ii;’ ”’f;;

Predicied

comtribution o the -~ B0 - 3% o 3
o . P

exetord states of Oy

TProduction of the
o {natural
ahumdaree}

TS T Ve gy 4y : o e » . by 35 Y vewrwyinas b
The (r isetope. The Wy isotope was proposed by V.Kwowdn {1

. Raghavan {151 This tsotops deeays by electron capture with o (O

27,7 o to the grousd state of TV {9019 brasching ratio} snd 1o ity flest exoited state {9,990,

which desyoiies o the gronnd state with emission of 2 320 keV yray. The seatrive spectnan

bt

copsists of four monoeneryetic Hnes of 746 keV (B1%, 751 keV (89}, 426 k'

b
£
<
Rt
-~
~

T
.(3

7 isotope is produced by nentron capture on T O with g sufficiently fugh oo section

for shurmad and epithenmal neatrons (13,9 and 7.8 I, respectively).

~

2 L T & M .
e {4.35%) in [ v, i is roquired o enrich . Bosides

Do o ity mndest watural abumds

ducreasing the iadinted mass 1o 2 value that van be scceptably placed i a resctor, the use of

criched Cr reduces the self-shivlding during imadintion and reduces the neutron competition

"y, whess capture oross seetion for thermal neutrons s very tugh



Tos carry ont the calibration experiopats, 3ALLEN waed 36 kg of chromiom chips (38%
enrichment in Y and BAGE ~ 0,2 ky of chromivm poseder (93% ooriehment in O

To produce 'y, the chromtiury chips of DALLEY have teen frradinted with high flux
resctor Silne (Fravce), SAGE wansformed ~ 8.8 kg of chrominm powder into metallic rods
{with size of 27 mm < 45 o) and iradisted W owith o fast breader reastor BM-350
{Kazakbstan), OALLIN Collaboration ;e;us::zt:@s;«;iv::‘ij,f produced Do mnne scumes with

activity of 1,71 MO and 187 MOL respectivaly

1120 and the SAGE Collgboration moduned
measrine ssurcy with segvigy of 516 ML {131

The 7 Ar solope. 7 Ar noutring sourds was pi(&_{)OMZ(i By WoHaxom 194 > calitwate "L

3 4,

e radinchemicel detestor, T Ar decays sxclusively o the ground mate of

P
v

U via sleotron

capturs, Smiing a DWNe-CROTECHC zzm:ztr:i:zm with 1

213 keV. Thoys no anergetic musloar y

s _ : . B
rayx are produced but only istemal bremssirabihmg with o vield DL = 5107 Mentbrmos
from 7 Ar decay have energy within several pereent of the energy (863 keV) of the dowdnant

~ N
¥

‘e tne, As W.Haxton {191 has omphasized, sn experimett carried out with an intense Ay
sonsrce wonld therefore provide g valuable additional wsr of the overall efficiency of galbum
deteetors o observing the important TRe newirinos, Halfife of 7Ar s 35 days. Due to this
fact a regpured aclivity 0‘?{ ar for final calibration experinent can b 26% luss than aotivily

ot o semrce based on T Cr (1 MO instead of 2,9 ML In this case the expesied UnCETInTY ip

ovosa acvtion from countin g

: ; . 3
Pwo teohumigues have boon proposed 1o g}.t*{;d‘m:'»-* “ A thermal penfron capture on TAY

{natural abundance §,34%) aller & prelimmary ewisdunent of Far up to 0%, and throagh

46

ainoey Ar resction v oa fux of fast neeons, Do fo some probloms such as 2 high
“tarning-up” of > Ar bet ny prochiced by thermal neotrons and the necessity of copfining a
& &3 " - &

barge amount of srgon (~ 8 Rgd in the sowoe the fst ixm?mza;w sevms wirealsable, The

1 INR AS of LISER angd IPPE, Obwnsk

sgrcond Wi

% 4! £ XV

v owan considured i deatds by grouns fron

1%3
»: B3

(211 Thare it was shown frat 7 Ar should be oblaiued by necivon iadiation of the saluiwn-

pomtaining trped v the fast breeder reactor BN

3, Bhevehenko {now Ak, Kavskhstan,

Muaximum totel aoivity of T ar which coulid be produced with this reactor ab the same thne i3
¥ i
3% MO {4 irradiation asserblies with metailic Ca filling i sodls of Istraw of the blankst),

Uinder neutron irmadiation of vetarsd calolun, svtopes of argen {mamly 7 Ard and heliam

gre formed. After inradistion the geseous phase st be extracted from the farget. For

3

corppenmd can be dissolved dipetly iy wgler o

examply, stardng mmteriad in foe of My«

s

eradintion and the 7 Ay are swept ot of the reselting sobiticn. Ao obvious sdvantags




method iy that the high specifie activity (0,1 MOy 3 of the scurce of Y Ar is separated from

the vt & voass of 10 g of TAr (6 L of 2 gas ot BTE) produces an sctivity of | MOL

Yoo alsi shown i (22 that another fast broeder roactor BN-6OU, Zarschny, Russia could

b usedd for this purpose specifin activity of 7 Ar produced with this reactor will be in o mnge

from 2.3 up o 5.6 Cifg of Un depending on the tocation of the uradistion assenhbes {the

P

o of the blanket and low (high) enniched wme ¢of reacior core),

Py

Now a Kussian-Tapan-USA Collaboration is going to praduced 0.3 MO of & Ay weith the

fust hreeder roactor BG600 {231 Acoanding 1w the programme about 232 kg of calerem oxude

-
3 A

will be placad fte 20 tradiation assamblies, the last will be istalled st the 17 raw of the
Blanket.

The %o sotope. The

P

< owas proposid by one of ws, w calibrate the low

o LS

-

treshold detector LEMS 1241, $ts apphcation for calibrating gallinm detector was disuessed

later F210 It decavs by electron caphure with Qevalues of 8§63 keV o the exched stwes of

P as, which deensites o the grousd state with the anision of several porays of

energies. Considering the atomic levels w which taansitions coour, the wds BEULHNG eneygiss

e AR 1 koW (839 ) and 461 ke (119, Wonrine lines with higher onergy of 373 ku¥ {1.5%),
S87 koW {0,62%) and 832 k:zz"»«" {1963 should he also mentioned.

ay

“le with a lavge oross suotion ©

The “Se factope can be prodused by Beuen caphine on

\ g o

therroal and epithermal neotrons (51,8 and 320 b, respectivelyl, The starting muerial should

be parinhed i Se and deplited in Bge because of the large oross seedon of the latter tsotope

{AS by, Ii¥'£;>';'tuz*aza't¢iy, the enrictment procedurs can be carried out by gas ceminfugation of

\

wolatilo BeFy An optimur valne of enzichment of Bein " Se of the sasder of $1%.

The starting maerial will be in form of tablels of presse ~parity Be powder, sealed

into e hermstic shall of highly pure Al The size of the nblets is less thag 36 nun i order
P I LT
i avend the seifshivddmg of The

oy ki ; T Do T U R S SRRRUR. S D SO SV NE L Faon bva H 3 En i
Phe PSe hus o musber of advantages over the tsotope  Cr used previvusly: the ball-hife i

much Jouger by a factor of 4,3 and the energy of s basic neutring Hoes is close o the

encipodng of the  spectrum p};;zw:zw{:r‘i.rz;:};\.;. Wlorgover, i provides e poss

independently determining the cross section for capture o the < UUe ground swte, a0 that e
ftespretation of the resalts of solar newtring MOASHrEMEnts swith galhum detvotors will be
substaniially refined,

@

Bolow we will discuss only two isotopes 86 8 moutring sourse T LY and P Ar Al dam

ponoerning calibration with e are sunmmarized in Table 2



Aave
{832

2, Hafety transport regulations,
A important boundary condition might affec ¢ sotnchow cur & stacdios, s et by the JA¥A

regdation By the travsport (2387 of medinechive waternals of raporiant activity, According o

this regulstion and in oase of aly fraveport the maximum aoiviey of T Cr radicactive issope

macked o @ singl

/

sansport container of the so salled oype B i 2.4 MO {80 PR - the

At

& I
auppvalent bt i 3.2

RO {120 PBg) By 7 Ay Beoaose zach package ywust Bl o Hout of

dose rate, 3 parcel mally conssts of the radioactive motepy wmd the appeopriate shiekd
Nothing in the repulations forbads 1o have severad parcels in g single air transport, Hence we
’z

are forped o divide the full activity i several parcels (34} that we cull 2 composile source.

The Hinal assombly of thess sul sonrens Bas 1 Dy roade on site, Careful design bag to be made
and checked in view of cusy and sate sssonbly of the subesources ad of the exiating banging
$ygiom,
i)‘x;'ﬁ" ?"\i,\u Yi (K {3W oY 3 ?{x"c"‘;!i vy 4 i Aoy £~F V’%:‘. . :.__w} gyt Zon Lo o z - {2‘ . 5;.’ ,f,v
AR LIRS §) 3k & DOSHIY }iy W fpave & ,ag.xi,%,w(.\ {Bcii’f.,w m}ﬁ.&minw fhe fadl ».i{ad"?iix
using a so-called fvpe O contwner, This type of comaider bag to be bulll and cenified
secording to e pvan nuwy sovere nemms, Astuslly not o single container of this tvpe bas
been constructad,

3

Another problent s the heat released duning the ransport from pradisted materisl placed

tmide tongsten sinelding (o example, o hwat redesse i 2174 WAMOT of 7Or sotiviny), In
case of air transport the owecimum sarfsce temperre & Hiodted to 30 °C fr type B oontainer

and 1w 837C for type B containgr under exclusive use {281

Calibration of gallivm chivride solution with “Cr source
Here, we use the 36 ky of coriched chrombumy from GALLEX Collaboration but with an
activity at least § nmes higher {x 9.6 MCHinstead of 1,7 ~ 19 MO} To produce thas ATHVEY
one shonld use the Rassian beavy watey reachor LUDMILA {onpecied toled sobrvity after

wyadiation 36 kg of chronhus c%:zi.p:'«f with cnrivhount of 38% &5~ B4 MU, depending on

the featwen of mactha’s campaigs Taking nte accown » distance belwee

Damisrovarsd {or (g veaciors gre oested mwl the underground

o

raky where thy Russ
Imborgtory LM%, Haly the sowee shoudd be trangpurted by air. Avcording o the [AEA
boratory LIS, Haly { ¥

egulations (seo provious parsgraphy a soures of baportant activity sheoid be divided oto

gepmasries of OALLEN/GKO calibration

£33

several parvely with soiivity € 2.4 M e

.

exporiments are shown in Figd and Fig.3) One cun sop laney that there i no big diffirence of

£

L value between these goosnetrios {see Table 23



Another ppticn i to oarry bwvo calibration experimenta with an activity around 6,8 MU iy

cach run, This activity is obtaiozd not only with LUOMILA bt also with the Russian bigh

floy reactor M3 {Dimtmovpeady {271 amd the same 38 kg oof chromuunn chips with

4, Calibration of metallic gallium with Sy souree.

The calibration sxperiest with metailic gallium conll be ronlixed o two ways, dupiouling
on the mass of metsilic gallium nsed i the calibration expuriment 13 1 op 50 ¢ fmaximam
avmrnnt of metallie gallivn avattablo now in Baksan Meutrino Observatory ).

4,1 S :od swandard

The source calthration of SAUE w

conlmining 13 toms of metalhc gz‘;'&‘ii’u‘;jfm with a smadl Zivconnun reentrand fabe i the muddle
comaining the sourcs (Figd) The ides of the fst approach i 1o use the oxisting
infrastructire of the proviows SADE calibration experiment a tank with 13 1 of gndliwmn, the

exteaction system, the counting system, the selorimeter, the vomess hamiling Systen, o, but

mereasy 5 thmes the activity of the soure opio ~ 25 MU AL the ssme time, one shoald keep

reasonable dimensions of this new source {87 2 530 mm) 1w Bt inte the regrand tabe,

Thiv pew source will comsist of 4 identeal parls with the sume dimensions as "eded® e

e

2450 mm . 140 mm) to carry ou certificativn procedure with existing calorimeter and allow

P

3. 3

the use of the remoie bandling system {(see Fig, 3, the geowetry of the SAGE wank from [281),
Tor moaioh these ropinunonts 18 NeUesiary.

- o use hizh enviched chromsum (- S0%) in form of metallic rods;
o reach an average specifie sctivity of B of 1000 - 130 Cig (BAUE  sowree had 4
apecific sotivity egual 1000 Ciigy

pe

The quantity of highly enriched chrombam {- 90 of “ﬁ,z} svatiable now iy~ 08 ky

v .

(et of this chromiurs 18 in fm of te rods which were rradiated i

bility 1o producs o Rossia a new bateh of high ewiched chromium {m - 1 S g for a
reaRonabie wiee,

To produce & chrowium souree with such a specific activity {up o 1A00 Cyg), we darouse
ome of the Russian reactors: the high fux research reactor SM-3 or the fast breedur roactor

BN-600 1221,
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4.2, Seandard eallhom tank wnd the segiring sourcy hased on $S5ALERX chrowium ofdns,

The sepnnd approach 18 to use again the standard RAGE sank with ¥ = 2 m’ but with the

GALLEX neutring source of nawh higher activity,

Here the size of the spurse s mach bipger corpared 0 SAGE sowee, and the goometry i3

P

3 P

leas favourable, The caloolated poth ngth of muumino <l nto gallivm trger for dus now
seometry (Fig, 83 v 45,7 um coenpared 10 72,1 2o for the previous stamdand 5A0GE case, Note
that i this case the amount of zalliom waed is cudy 118 s According 1o our esthmation,
reach required statistical acnurgey with such a source, it mintmum activity shopld be Gt fesa
than 3,6 MCH {see Tuble 23

For (GALLEX composite source {3 souroes with total mass of chips of 24 bp) s path length
of neutrine <L.» ko gallivm wrges for this wew geometry is 46,2 ap (g 7y, We assume that
the dlanseter of siroonium weniant mhe oy GALLEX t‘:{)i’.‘ﬁ;}i}:‘éi’iﬁt source here {and for nexd

saviants with a bigeey tavk )t 47 oo, instead of 33,5 o for g single GALLEX souwsee,
Ax provipusly said, the Rossian wmuclewr yeuctors, suitable o ivadinte 24 - 36 kg of
chrvnium ohips, are heavy waior THACHET LAIMILA and bigh B research renctor SE3

4.3, Now lagroe wallium tank,

The thisd possibilities considered herg 33 10 use 3 new tank (o be builty o accommaodate

soves mstallic gallium and the emriched chromabuny from GALLE?

b

zz.c:}:‘;ﬂv'it‘y;

The advantage of this approach i3 to rpmiiate the Al emount of metaitic gallium avaslable

(30 £ with the most intiwe pesirng source possible using the present enviched shramam

from GALLEYX (SACH] calibration expuramen {noeie, thay the diamster of mreontam reerdrant

Y cimmposite soures bere is 47 om, instead of 33,5 auy for single sourog).
The path length of veutrine iu galitum <L for this big lank with GALLE %0 soures

$ gt Table

o 12{44 om {a single with total mass of ohips of 36 kg

kd

'3

= 24.6 v {3 sources with ol mass of 24 kg);
% 43,1 om {4 sources with weial mass of 36 kgl
i we use SAUY compostis source {Ti SAGE compact sources iolo zimonian tube with

sharneter of 10 o the <L vadue i3 1204 o (Fig 9y
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Table 2. Sonwe pussible schomes of defintive calibeation of gallium detectors
’ £ AN Kl % q’{ e oy .
(NG and SAGE) with 7' source.

@ *ogrkgs, {M},V‘\-

%

KA (anGeddayy | Nasee ™ W) (a2

AN R TR TSI TV B T 36 i
1,8 MCi
{chips}

5 351 1 1 98=R6 L 19 e 003614
MGt ‘

{chips) !

(343014 {463, 2 186 2023

039 688 722 2740

¥
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I
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P,
x
¥
v,
pRe:

A byiLBY

N oom (3,39 {283 em

f

£
o

o
;

% _
dx2.4 ,_
7.2 M 43,2 om {1.3% 1297 25 5179

Px8aMUOl | 968 an 3,34 3044 233 14 444
s & 6 WY
{utups}

s

LA
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.
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S84

o~

94,6 4,39 2656 222 10

7,2 MG
{rondu}

Q.6 80 93,1 cm 3,30 348,60
{ohips)
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120,4 vm 3,35 A 1649
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E x
e ?s.s az'e,mz,a' ,)i‘(.m’.zéz::'a?{f i 6 Farg Aot wHeng b accomet decay of el B

3 ,«‘ 33 SCFiGR
Pa mems 615450057 mw’ 2ERET for (INT pad SAGE
zc;f;(,g;je.f COPEESPO fze{;frzzfx,, 8 1= 3, .?«z.’ z’fm BafUi and Ba = 36438 sec "‘zfm--;

The swa lings in bold presens i date conceraing completed GALLEY and S4GE

- y 4 : ’
prerit (o 587 e iv g value of cross »

5. Ultimate ealihration of gatliom detector with *’ Ar peutrine souree,

b

23 e e ey PG g 2K o ey R SRS J ey oy NP
abibrasices exgeriment: itanda v ’,/3/2 Fiuve dank GO B8P SRS

r\'_

fvrel,

k¥

A calibratinn exporiment with " Ar could reuse the infrastruciure of de provious SAGE

calthraiion experiment: the tank with 13 1 of galbum, the extraction svsiom, the couating
systeny, the calorimeter, the remode bandling systers for LANL, ete, bot inorzase the activity

aet

of the source abwout 4 times, up to ~ 2 MCL According 1o 1251, the maximam activity of 7'Ar

=3

wotive Bsotope packed into a osipgle amport contminer is 3,24 MO Thus the argon

sourcs doesn’t need w be divided, One shoulid keep ressorable dupension of thus new source

{a dlarneter £ B0 mn) because of the dimension of the whoonivm wbe inserted inte galliws,
whose diwneier is 90 mon (By 4% I will be usefid if this new source would have nverall

Hmensions, which are the sarme g5 the dimersions of "old SAGHEY ooe {4 30 mwo o VHE

to carry put certification procodnre using existiog calorimeter and remote handling svatem,

Lo
which may wnply 1o pack the gas a8 8% bars,
We would Bhe 1o node that this gaseous source could be cortified gasily, only taking  small
samplo of gas, dibme i and counting it int proportionsl coonter, As a orosscheck of the
cortifieation provedure we propuse » calivimetric measuroment of the whole scume with
gxisting caltwimeter (hoat redouse of T ax s abent 13 WIMOH brensstrubiang incloded),
As we mentioned ahove, O Ar sonrer with sctivity of abont 2 MO could be used with

ALY standard tank (33 tons of n’cm%%m gatlim)

4

Lonclusion,
I this e we examined seversd meshods o cabibrale in the most sfficient way the gallium

detectors nsed in the solgy neutrino detection.
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First of all, from data i Teble 2 we conclude thet o galliom tareed i fom of mewdlic

galthim is mawh mors favoursble than one based on gallium chlonde sdution {the cootficlent

¥

i nogrly 1 tmes biggery

iy cguipments (GALLEX 7 SAGE standard tank,

w
by
£3
P
=
&
e
s
b
-
b
¥
&
3
e
£
F L
&
O
o

Bandling reoude systom, pumplng system end amd eorivhed chrondun (38 kg of clips from

1Y calibration experiments), we bave 3 varmnts of defimitive cabbration gyperinIls
1o reach the statistival wrror helow 4%

1, GALLEY standord tank with 3.3 1 of pallney solion and GALLEX simgle souree
s with a total activity § times wore San the provious ong (3 9.0 MO

2, SAGHE smndurd tauk (~ 13t of metallic gatlinn) and SAGE composite compadt somros

faxr with & total activity 3 times more han the previous oo (0 25 MO

DY

3. SAGE standard tank with metallic gallivm and GALLEX

P

pomposite somror bhased on

chiips bt with 2 tetal activity 9 least 2 Bmes more 3,0 MU,
Uither possibilitios to carey out new calibeation experimonts ar

1. nse s gablinen target in io*m of metallic galliun placed it 8 g vessel cordaming 30

tof galifum with sourve based on UGALLEX chips with setivity A 2 2 MU or with conmpact
SACE composite source with an activity A2 1,3 MLy

2. w5 an abeanative approach, one corld build a compact neatring source based ot Ay

gatimay or 2 MG 12 L of gallam),

b

isotope with g setivity of L3 MO {30 tad

5
ras 5

e T sowree shouldd be fabricaisd,

e

» in fore of medaliic vods with bigh specific activity O~ 13 Cifg, Le made trom bigh

3
1

snpivhed chrominm Oz G0% of 7 B £, irradued with bigh Hur of neuron o ¥ HE ety
o in form of chips with a specific activity arcand 300 Ciig,

Too dradiste the clrondum rods we propose o use the hdgh fluy resckw Shded

wrsdd or the fast broesder reacter BM-500 (Zarechny) To frradinte chromim chips

e

{Dmisny

fgh theg veactor M2

we propose o use thz Russien beavy water reactoy LUDMILA oy i

Severding o regulations for alr trtsport {251 the madmun activity of e radionctive

isniope packed infe mingle fransport comtainer is 24 MCL Thus the neetrine sowrve of
puportant activity sbould be divided into soverd siparated pareels. The final assembly o

these sub-somrees wifl be made on site,

SALLER singie

* Aopiher pptice i caory ot tve caibration sxperboenis with (2ALLEX shendard tand
sowres b with ag acibvity of 6,8 MO oy canh one



i4

To prostoce " Ar isotope of such an acé:i"xit}* e should use fast twveder reactor BM-600.
The "Ar iscdons sowee shoekl be Bbricuted as Hoeld wrpon ander Hguid slrogen

A AR

temperatire o gaseous argon under high pressure {p -~ 20 atm),

The authors wonkd Hie to thank Fovon Fellitzech (TUM, Munchen) for tmitating of tus
work apd frofifal discussions. We are gratefnl @ ¥V Gavrin (INR RAS, Moscow for aselul
comments concerning the calibraiion experiment with metalbic gatlivm and providing us with

the information about the peametry of the BALE gallney tank.
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Fig.2. Geometry of GALLEX calibration experiment{s}.
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Fig & Gearnatry of new GALLEX calibration experiment.
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Fig.5. Geometry of new SAGE calibration experiment
Pwith SAGE's composite source).
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Fig 8. Geomety of new SAGE calibration

‘)S

experiment with single GALLEX source.



Fig. 7. Geometry of new SAGE calibration
evperiment with composite GALLEX source,
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