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OnpeAeneH~e onT~4eCK~X KOHCTaHT ycTaHOBK~ 11niOAM~na 11 

On~c~aaeTCR npo4eAypa onpeAeneH~R onT~4eCK~x KOHCTaHT 
ycTaHOBK~ 11niOAM~na 11 , Heo6xoA~MbiX AnR pa6oT~ nporpaMM reoMeT
p~4eCKOH peKOHCTPYK4~~ co6biT~H MDTHRESH ~ HYDRA. 06cy~AaiOT
cR 3Ha4eH~R OnT~4eCK~X KOHCTaHT, nony4eHHble np~ o6ny4eH~~ 

KaMepbl a ny4Ke aHT~npoTOHOB c ~MnynbCOM 22,4 f3B/c. Peaynb
TaTbl nOBTOPHOrO onpeAeneH~R KOHCTaHT yKa3~BaiOT Ha B03HHKHO
BeH~e Hen~HeHHOH Ae$opMa4~~ nneHKH a npo4ecce ee o6pa6oTKH. 

Pa6oTa BblnOnHeHa B na6opaTOpH~ B~COK~X 3Hepr~H OHHH. 

Coo6WeHHe 06beQHHeHHOro HHCTHTyTa liJlepHbiX HCCneaOB8HHA. Lly6Ha 1979 

Valkarova A., Lednicky R., Molostvova V.l. I - 12356 

Optical Constant Determination of the LUDMILA 
Bubble Chamber 

Optical constant determining of the LUDMILA bubble 
chamber necessary for operation of MDTHRESH and HYDRA prog
rams of geometrical event reconstruction is described. 
Optical constant values obtained by the exposition of the 
chamber in the antiproton beam with the momentum of 
22.4 GeV/c are discussed. The results of repeat constant 
determining point to the appearance of nonlinear deformation 
of the film during its processing. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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npH o6ny4eH~H ABYXMeTpOBOH BOAOPOAHOH KaMep~ OHHH 
11niOAM~na 11 B cenapHpOBaHHOM ny4Ke aHT~npOTOHOB C ~MnynbCOM 
22,4 f3B/c B Cepnyxoae 6~no nony4eHo oKono 380.000 CH~MKOB. 

AnR o6panoTKH 3Toro MaTep~ana c ' noMOUibiO nporpaMM reoMer
P~4eCKOH peKOHCTPYK4~H /MDTHRESH H HYDRA/ Tpe6yeTcR 
3HaH~e onTH4eCKHX KOHCTaHT ycTaHOBK~. B AaHHOM coo6~eH~H 
on~CbiBaeTCR np04eAypa onpeAeneH~R OnTH4eCK~X KOHCTaHT H 
o6cy~AaiOTCR 3Ha4eH~R 3THX KOHCTaHT, KOTOpble ~CnOflb30Ban~Cb 
COTPYAHH4eCTBOM AnMa-ATa-Ay6Ha-MocKaa-npara-T6HnHc~-Xenb
C~HK~ AflR o6pa60TK~ pp-a3aHMOAeHCTB~H np~ 22,4 f3B/c. 

1. OnHCAHHE nPOUEAYP~ nonY4EHHH OnTH4 EC KHX 
KO HCTAHT 

B nporpaMMax MDTHRESH H HYDRA a Ka4eCTBe onTH4eCK~x 
KOHCTaHT cnymaT cneAYIO~~e aen~4HHbl: KOOPA~HaTbl BXOAHbiX 
apa4KOB $OTOKaMep x; = (x3, y3 , z3), i =1 ,2,3,4, KOOPAW 
HaTbl ~306pameHHH penepHbiX MeTOK, YMHOmeHHble Ha MaCWTa6 
coeMKH, Ton~HHbl dj ~ noKa3aTen~ npenoMneH~R ni cpeA 
Ha nyTH ny4a CBeTa OT 06oeKTa . AO BXOAHOrO 3pa4Ka, a TaKme 

~ 6 ~ (i) ~ (i) ~ (i) . 1 2 
napaMeTp~i A~CTo~c~~ o oeKT~BOB ~'-' 1 , ~'-' 2 , ... , ~'-' 7 , 1 = , , 
3, 4 ( {3 (1) , {3 ~~) - yrnbl nnocKOCT~ nneHK~ c HH~Hei:\ 
noaepXHOCTbiO KaMepHOrO CTeKna (z = 0)). ,[IHCTOPCHH 
{3 \i) , ... , {3 ~i) 06oeKT~BOB Y4~TbiBaiOT TOT ¢aKT, 4TO yron, 

nOA KOTOpbiM ny4 CBeTa BXOA~T BO BXOAHOH 3pa40K o6oeKTHBa, 
MOmeT He COBnaAaTb C yrnoM, KOTOP~H o6paayeT C onTH4eCKOH 
OCbiO npRMaR, COeA~HRIO~aR ~3o6pameH~e C BbiXOAH~M 3pa4KOM. 

npeo6pa30BaHHe H3MepeHHbiX Ha nneHKe KOOPA~HaT X-> B KOOp
~~HaTbl H306pameHHR TOH me T04KH B cny4ae ~AeanbHOH OnT~K~ 
x' npOBOAHTCR B COOTBeTCTB~~ C ¢opMynaMH 

... ... 
t'=D·t, 

... 1 ... ... 
t = ·- -- (X -X 3 ), 

f 

/1/ 
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D 2 2 2 2 2 
= 1+~1tx+~2ty+~stxty + ~4tx+~5ty+~sCtx + ty)' 

... 
/1/ 

rAe t "' (t x, t y ), a f - paeeTO.RHHe OT BbiXOAHOro 3pa4Ka 
c)>OTOKaMepbl AO n11oeKoeT1-1 n11eHKH. A11.R yeTpaHeHH.R He11HHe~HbiX 

HeKa~eHH~ BA011b Oel-1 X, KOTOpble Ha1-16011ee eH11bHO 8111-l.R~T Ha 
onpeAe11eHHe HMnY11bea ny4Ka /Hanpaa11eHHe oe~-1 X npH611H3H
Te11bHO eoanaAaeT e HanpaB11eHHeM ny4Ka~BBOAHTe.R KBaApaTI-14-
Ha.R nonpaaKa nyTeM 3aMeHbl t~-+ t; + ~ 7tx1 z 3 • CooTBeTeTay~-
1111-1~ 3TO~ nonpaaKe paAHYe KPHBI-13Hbl B n110eKOeTH Z =0 paa
H.ReTe.R R = z5 I 2f>~ 7 • 

Mbl He MOr11H aoeno11b30BaTbe.R eTaHAapTHbiMH nporpaMMaMH, 
e11y~al!IHMH A11.R onpeAe11eHH.R OnTH4eeKHX KOHeTaHT /eM., 
HanpHMep, PYTHON /1/ I, T. K. a o6oeMe KaMepbl 11 Il~AMH11a 11 

HMeeTe.R npaKTH4eeKH T011bKO OAHa penepHa.R n110eKOeTb BMeeTO 
He06XOAHMbiX ABYX /penepHble MeTKI-1 HaHeeeHbl 111-lWb Ha BepxH~~ 
1-1 HH~H~~ noaepXHOeTH KaMepHOrO eTeK11a, 3ct>C!>eKTHBHa.R T011l!IHHa 
KOTOpOrO d 3 ¢qr d/n - 10 eM/. C y4eTOM 3TOro o6eTO.RTe11beTBa 
B Jla6opaTOpHH BbleOKHX 3HeprH~ 6bl11a e03AaHa nporpaMMa 
MUNG 121. 

BXOAHbiMH AaH~biMH A11.R nporpaMMbl MUNG.RB11.R~Te.R T011l!IHHbl 
1-1 noKa3aTe11H npe110MileHH.R OnTH4eeKHX epeA, KOOPAHHaTbl 
penepHbiX MeTOK Ha r11aBHO~ 1-1 BenOMOraTe11bHO~ penepHbiX n110eKo
eT.RX/HH~H.R.R 1-1 BepXH.R.R noaepXHOeTH KaMepHOrO eTeK11a/ 1-1 
KOOPAHHaTbl x~. H3o6pa~eHH~ penepHbiX MeTOK A11.R c)>oToKaMep, 
k =1,2,3,4. KobpAHHaTbl x;. onpeAe11.R~Te.R e noMOlllb~ e11eAY~llle~ 
npo~eAYPbl: I-1306pa~eHH.R pe~epHbiX MeTOK I-13Mep.R~Te.R Ha HeeK011b
KHX KaApax * BMeeTe e l-1306pa~eHH.RMH MeTOK BHyTpeHHero 
OpHeHTMpOBaHH.R /KOTOpble HaHeeeHbl Ha npHmHMHble eTeK11a/. C 
noMOl!lb~ nporpaMMbl PREST KOOPAMHaTbl yepeAH.R~Te.R B eHeTeMe 
nepaoro M3MepeHM.R, M e nOMOl!lb~ 3aAaHHbiX KOOPAHHaT MeTOK 
BHyTpeHHero OpHeHTMpOBaHM.R /KOOPAHHaTbl 3TMX MeTOK, a TaK~e 
KOOPAHHaTbl penepHbiX MeTOK Ha KaMepHOM eTeK11e 6bi11M H3Mepe-
Hbl Ha KOOPAMHaTHO-paeT04HOM eTaHKe/ HaXOA.RTe.R napaMeTpbl 
11HHe~Horo npeo6pa3oBaHH.R 

* Dbi11M Bb16paHbl 1 M111-1 2 n11eHKH, eH.RTble B eepeAHHe pa6o-
4ero eeaHea. PenepHble MeTKM H3Mep.R11Heb Ha )0-17 pa3HbiX 
eHHMKaX Ha n011yaBTOMaTM4eeKMX M3MepHTe11bHbiX np1-160pax 
nYOC. 

4 

x '= a 
1 

+ a2 x + a3 y, 

y '= a 4 + a 5 x + a6 y , /2/ 

y4MTbiBa~l!lero eABHr, noaopOT M 11HHe~HY~ Aec)>OpMa~H~ n11eHKM. 
All.R yeTpaHeHH.R B03MO~HO~ KBaApaTH4HO~ Aec)>OpMa~HI-1 n11eHKH 
BA011b HanpaB11eHH.R ny4Ka B HeKOTOpbiX e11y4a.RX Ae11aeTe.R 
3aMeHa y'-.y' +a 7 x 2 /eM. Ta611. 1M2/. 

0 - - ( - ... (1) nTH4eeKMe napaMeTpbl a = {:3 1 , ••• , .(3 7 , x 3 , f) , T.e. 
napaMeTpbl AMeTopeH~, KOOPAHHaTbl BXOAHbiX 3pa4KOB c)>CTOKaMep 
1-1 paeeTO.RHH.R OT BXOAHbiX 3pa4KOB AO n11eHKI-1 HaXOA.RTe.R A11.R 
Beex KaMep MHHHMM3a~He~ c)>yHK~HOHa11a 

... k - -+k 
XFi (a)- X Fi 2 

x 2 = ~ ( ------------- ) • I 3 I 
1 a 

-+k -rAe X Fi (a) - no11y4eHHble e nOMOl!lb~ napaMeTpOB a KOOPAHHa-
Tbl H306pa~eHH~ penepHbiX MeTOK /A11.R KaMep k =1 ,2,3,4/, a 
... k 
X Fi - H3MepeHHble Ha n11eHKe KOOPAMHaTbl 3THX ~e MeTOK. 

nporpaMMa MUNG BbiAaeT MHc)>OpMa~M~ A11.R 6110KOB REFER/Koop
AHHaTbl 4 710 penepHbiX MeTOK, Hen011b3Y~l!IHee.R npM I-13MepeHHI-1 
eo6biTH~/, CAMERA /KOOPAHHaTbl BXOAHbiX 3pa4KOB c)>oToKaMep/ 
1-1 CORREC/napaMeTpbl AHeTopeM~ o6oeKTHBOB/ B nporpaMMax 
reoMeTpH4eeKo~ peKoHeTpyK~MM MDTHRESH M HYDRA. 

2. onPEAEilEHHE onTH4ECKHX nAPAMETPOB Allfl 
3Kcno3Hl.\H~ 201-207 KAMEPbt 11 JliOAMHilA 11 

0nTM4eeKHe KOHeTaHTbl nporpaMM reOMeTpH4eeKO~ peKOHeTpyK
~1-11-1 6bi11M onpeAe11eHbl A11.R 3Keno3H~H~ 201-207 ·KaMepbi11 Il~AMH11a 11 

a ny4Ke aHTHnpoToHOB. A11.R 3Keno3H~M~ 201 1-1 202 6bi11M no11y4e
Hbl ABa Ha6opa OnTH4eeKHX KOHeTaHT /201-1, 201-2; 202-1, 
202-2/, noeK011bKY KaMepa B Te4eHHe eeaHea pa361-1pa11aeb. 

npl-1 epaBHeHHI-1 OnTH4eeKMX napaMeTpOB A11.R pa3HbiX 3a11MBOK 
M11M A11.R pa3HbiX M3MepeHM~ B OAHO~ M TO~ ~e 3a11MBKe e11eAyeT 

MMeTb B BHAY Ha11M4Me eM11bHbiX KOppe11.R~M~ MemAY HeKOTOpbiMI-1 na
paMeTpaMM 121. B 4aeTHOeTM, 3Ha4eHH.R napaMeTpoa X3 , f. ~ 1 H ~ 2 
MOryT eyl!leeTBeHHO I-13MeHMTbe.R M3-3a KOppe11.R~I-1~ Me~AY X 3 (y 3 ), 

~ 1 (~ 2 ) M napaMeTpaMM OpMeHTMPOBaHM.R KaMepHOrO eTeK11a, 
a TaK~e M3-3a Koppe11.R~M~ Me~AY z3 M f I ~ 1 , ~ 2 - yr11bl 
nOBOpOTa n110eKOeTM n11eHKM OTHOeWTe11bHO n110eKOeTM Z=0, eM. 
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$QpMyny /1//. B Ta6n. 1 ~ 2 np~BeAeH~ 3Ha4eH~R onT~4ecK~x 
napaMeTpoe, onpeAeneHH~e aaHoeo AnR 3Kcnoa~~~i1 201 ~ 20 3 
nocne HecKonbK~x neT pa6oT~ c nneHKoi1, T.e . nocne MHoro
KpaTHoro ~cnonb30BaH~R nneHK~ Ha npocMoTpoe~x ~ ~3Mep~Tenb

H~x np~6opax. Ha AaHH~x ·Ta6n . 1 B~AHO c~nbHOe ~aMeHeH~e 
x3. f3 1 ~ f . MacwTa6 >. = z3 / f np~ noeTopHOM ~3MepeH~~ 
He ~3MeHRnCR, >. 20~1= >. 201_ 1 * =13,75.:!:,0,02. np~ OOBTOp-
HOM ~3MepeH~~ OnT~4eCK~X KOHCTaHT AnR 3KCn03~~~~ 203 C~nb
HO H3MeH~nocb 3Ha4eH~e t ~ cKoppen~poeaHHOe c H~M 3Ha4e
H~e z3 /eM. Ta6n. 2/. 

Hen~HeHH~e 3~~eKT~, CBR3aHH~e c npoxo*AeH~eM ny4a ceeTa 
4epe3 YCTaHOBKy, T.e., Hanp~Mep, Hen~HeHH~e Ae$QpMa~~~ 

nneHK~, 3~eKT~BHO Y4~T~eaiOTCR napaMeTpaM~ {33 , f3 4 , •.. , f3 7 . 
Ha AaHH~x, np~eeAeHH~x e Ta6n. 1 ~ 2_ B~AHO, 4TO napaMeTp 
{3 7 , nony4eHH~H np~ . nOBTOpHOM ~3MepeH~~, Cy1J1eCTBeHHO 
OTn~4aeTCR OT nony4eHHoro nepeoH04anbHO. CneAyeT aaMeT~Tb, 
4TO TaKOe ~3MeH~~~e napaMeTpa {3 7 COOTBeTCTByeT nORBneH~IO 

nO*HOH KP~B~3H~ , paA~YC KOTOPOH B nnOCKOCT~ Z=0 COCTae
nReT LlR = z5 / 2/l{3 7 = 1 7 5 KM. 3TOT ~aKT MO*eT yKa3~BaTb 
Ha B03H~KHOBeH~e KBaApaT~4HOH Ae~OpMa~~~ nneHK~ B npo~ec
ce ee o6pa6oTK~. 

AnR y4eTa KBaApaT~4HOH Ae~opMa~~~ nneHK~ M~ MOA~~~-
~~poean~ npeo6paaoeaH~e /2/ 3aMeHOH Y ' -+ Y '+ a 7x 2 ~ onpe-
Aen~n~ onT~4eCK~e napaMeTp~ AnR noeTOPH~X ~3MepeH~i1 3Kcno-
3~~~i1 201-1 ~ 203*· PeaynbTaT~,np~BeAeHH~e e Ta6n.1 ~ 2,noKa
a~eaiOT 4TO 3Ha4eH~R napaMeTpa {37 CTan~ CYIJ1eCTBeHHO 6nH*e K 
nepBOHa4anbH~M 3Ha4eH~RM;Ll{37 Tenepb COOTBeTCTByeT paA~YCY 
no*HOH Kp~e~3H~ e nnocKoci-~ z=O, ilR-lO KM. TaK~M o6pa-
30M, Ae~opMa~~R nneHK~, no-e~A~MoMy, B03H~KaeT e npo~ecce 
npOCMOTpa ~n~ ~3MepeH~R, a He BO BpeMR CDeMK~ ~n~ npORBK~. 
no3TOMY ~enecoo6paaHo BBeAeH~e napaMeTpa Ae~opMa~~~ nneHK~ 
e nporpaMMY MDTHRESH, KaK 3To Y*e OTMe4anocb e pa6oTe 131. 
nocKonbKY 4~cno MeToK BHYTPeHHero op~eHT~poeaH~R acero 
4 ~n~ 5, TO np~ 3TOM 4~cno cTeneHei1 ceo6oA~ np~ onpeAeneH~~ 
a7 paBHO 0 ~n~ 1. no3TOMy *enaTenbHO HaHeCT~ Ha np~*~MH~e 
CTeKna 1 ~n~ 2 AO~OnH~TenbH~e MeTK~ ~ TeM CaM~M noB~C~Tb 
T04HOCTb onpeAeneH~R napaMeTpa a7. 

* np~ 3TOM 3Ha4eH~R napaMeTpoe a 7 nony4aiOTCR a ~HTep
eane 1 7 10 KM -l, 4TO COOTBeTCTByeT paA~YCY nO*HOH Kp~B~3H~ 
B nnOCKOCT~ Z=0, R = A/2a 7 =0,7-7 KM; 4TO XOPOWO 
cornacyeTCR co 3Ha4eH~RM~ L\{3 7 a cny4ae, KOrAa a7 =0. 
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EcnH OTBne4bC~ OT 3¢¢eKTOB, CB~3aHH~X C HCKameHHeM 
nneHKH HnH C npH6nHmeHH~M y4eTOM HeOAHOPOAHOCTH ra3006pa3-
HOro BOAOPOAa HaA KaMepH~M CTeKnOMn~ TO OnTH4eCKHe napa
MeTp~, xapaKTepH3YtOIIIHe AHCTOPCHH o6"'beKTHBOB ({3 3, f3 4 , .•. , f3 7 ), 
He AOnmH~ MeH~TbC~ OT 3KCn03H4HH K 3KCn03H4HH.nocKOnbKY 
3Ha4HMbiMH ~Bn~tOTC~ npaKTH4eCKH TOnbKO napaMeTp~ f3 4 H {3 7, 
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PHc. 1. 3aBHCHMOCTb napaMeTpa {3 4 OT 3Kcno3H4HH An~ ¢oToKaMep 
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Ha p~c. 1 ~ 2 np~BOAATCA Be~~4~H~ TO~bKO 3T~X napaMeTpOB 
~A 3KCn03~~H~ 201-207~ 06a napaMeTpa AB~A~TCA OTHOC~
Te~bHO CTa6~~bH~M~ ~ He B~XOAAT 3a paMK~ Tpex CTaHAaPTH~X 
OTK~OHeH~~. 

KOOPA~HaTa z3 BXOAH~X 3pa4 KOB eoTOKaMep B XOAe 
3Kcnep~MeHTa HecKO~bKO paa cy~ecTBeHHO MeHA~acb. TaK, 
Hanp~Mep, noc~e 201 3Kcno3~~~~ 6~~a nOAHATa n~~Ta C eoTo
annapaTaM~, 4T06~ COBMeCT~Tb cpeAH~~ n~OCKOCTb 06oeKT~BOB 
c ~eHTPOM KaMep~. 3Ha4eH~A z 3 A~A ecex 3Kcno~~~~~ noKa
aaH~ Ha p~c.3. 
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P~c.3. 3ae~c~MOCTb z3- KOOPA~HaT~ BXOAH~x apa4KOB OT 
3KCn03~~~H. 

AnA O~eHK~ Ka4eCTBa ~306pa*eH~A penepH~X MeTOK ~ Ka4eCT
ea onpeAe~eH~A OnT~4eCK~X KOHCTaHT Ha p~C. 4 np~BeAeH~ 
cpeAHeKBaApaTio14H~e OTK~OHeH~A a ~3o6pa*eH~~ KOOPA~HaT 
3T~X MeTOK OT no~y4eHH~X np~ M~H~M~3a~~~ eyHK~HOHa~a /3/. 

*Bee npHBeAeHH~e Ha p~CYHKaX 3Ha4eH~A napaMeTpOB 
no~y4eH~ e npeAno~o*eH~~. 4TO a 7=0. 
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