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NMYYKN CUHXPOTPOHA ®UNAH «TTAXPA»
ONA KAJIMBPOBOK OETEKTOPOB NICA

B.A. b ckoe*, A. U.JIveos, B. B. [lonanckuii

®dusnyeckunii MHCTUTYT uM. M. H. Jlebepes PAH, Mocks

IIpenct BeHbI OCHOBHBIE X P KTEPHCTHKH BJIEKTPOHHBIX K H JIOB CHHXPOTPOH
«IT xp » ®u3nueckoro uncrutyr uMm. I1. H.JIe6enes Poccuiickoit K aemuu H yK, KOTO-
pble UCTIONB3YIOTCS 171 K TUOPOBOK JETEKTOPOB M 060pynoB HUS ycT HOBOK SPD u MPD
yckoputesnbHoro komiieke NICA.

The main characteristics of electron beams of the “Pakhra” synchrotron of the Lebedev
Physical Institute of the Russian Academy of Sciences, which are used for calibration of
detectors and equipment of the SPD and MPD installations of the NICA project, are
presented.

PACS: 07.77.Ka; 29.20.-c; 41.75.-1

DnekTpoHHBIN CUHXPOTPOH «I1 xp » ®usndeckoro uncruryr um. [1. H. Jlebe-
neB Poccuiickoif K JeMUHM H YK OTHOCHTCS K YCT HOBK M, FEHEPUPYIOILUM MyYKH
HOHU3UPYIOIIETO U3JIy4eHUs P 3HBIX TUIOB ((POTOHHBIE, BJIEKTPOHHBIE, IIO3UTPOH-
seie) [1].

B = crosmee Bpems myuku cuHXpOTpoH «II Xp » Kp itHe BOCTpeOOB HBI.
D10 00BACHAETCS NOCTOSIHHOM (6€3 OCT HOBOK) p 0OTON CHHXPOTPOH , HCKJIIOY I
BpeMsi, CBSI3 HHOE C (pOpCc-M KOPHBIMU OOCTOSTENhCTB MU (I HAeMHUS u Jp.). X -
P KTEepUCTUKH IyYKOB CHHXPOTPOH (®HEpIus, BHEpreTHYecKoe p 3pelieHHe U
HHTEHCUBHOCTb) COOTBETCTBYIOT X P KTEPUCTHK M Y CTHLI, SBJISIOMIMXCA MPOIYK-
T MU pe KLU HCCleIyeMbIX IpPOLIeCCOB, KOTOpPbIE MpPEdnos I eTcd M3yd Thb H
9KCIEPUMEHT JIbHBIX YcT HOBK X SPD u MPD. Cunxporpon «II xp » H xoaurcd
B Tpoutke, KoTopslii Boien B ropogckoir okpyr Ho 4 Mocks , 1 yn 4HO p cHo-
JIOXKEH OTHOCHTEJIbHO OCHOBHBIX IOTpPEeOHTENIeid, B IEPBYI0 oYepenb norpedurenei
yckopurenbHoro kommiekc NICA B Iyone. K 1uOpoBKU I€TEKTOPOB YCT HOBKH
MPD yckopurensHoro koMimiekc NICA H Mydk X 37€KTPOHOB M MO3UTPOHOB
cuHxpoTpoH «II xp » H 4 juce B 2019 1.

*E-mail: baskov@x4u.lebedev.ru
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Puc. 1. YckopurenbHblil ¥ 9KCIIEPUMEHT JIbHBIE 3 JIbl CMHHXPOTPOH «II Xxp » Pusnuveckoro
uHctutyT uM. [1. H.JleGenes PAH

YckopuTenbHbIl KOMIUIEKC COCTOUT U3 YCKOPUTEIIBHOIO 3 J1 , B KOTOPOM P C-
MOJIOKEH CHHXPOTPOH C MHXEKTOPOM, U JBYX 3KCIIEPHUMEHT JIbHBIX 3 JIOB, B KO-
TOpBIE IO M THUTOONTHYECKUM K H JI M IOJ I0TCS Iy4yKU (POTOHOB U DIIEKTPOHOB
(puc. 1). B 1 npHelIeM H OCHOBE MMy4YKOB (POTOHOB CO3J I0TCS IIyYKU BTOPUYHBIX
3JIEKTPOHOB U MO3UTPOHOB.

CHHXPOTPOH COCTOUT U3 KEp MUYECKOH B KYyMHOH K MepBI, B KOTOPOil yCKO-
PSIIOTCS BIEKTPOHBI, M YEThIpeX CEKIMH YCKOPSIOIMX M THUTOB C NPSMOJIMHEH-
HBIMM IIPOMEXYTK MH, H KOTOPBIX YCKOpPEHHE He NMpOUCXOomuT. P muyc p BHO-
BECHOU OpOUTHI B B KYyMHOU K Mepe YCKOpSIoImero M THUT p BeH Ry = 400 cMm,
IIMH K XJIOTO NMpSIMOJMHEHHOTo npoMexyTk p BH L = 190 cm. MHXekTopom
CUHXPOTPOH $IBIIE€TCS MUKPOTPOH C BbIXOOHOUW sHeprueil 7,4 MsB. Ilocne BbI-
BOJ U3 MHUKPOTPOH Iy4oK (POPMHUPYETCS 2IEKTPOHHO-ONTUYECKUM TP KTOM U
C TIOMOIIBI0 M THUTHOTO MH(JIEKTOP BBOOUTCS B K Mepy CHHXPOTpoH . U croT
W3MEHEeHUs M THUTHOIO OISl CHHXpOTpoH cocT Biager f = 50 I'm. Muxek-
LU DJIEKTPOHOB B CHHXPOTPOH OCYIIECTBIISIETCA IPU BEIMYMHE M THUTHOIO IIOJIA,
p BHOIt H = 0,0060 Ti. M KCuM JIbH S ®HEPIUs dJEKTPOHOB IOCTUT €TCS TpH
M THUTHOM monie Hyax = 1 Tin. Pe3oH TOp yckopuresnst Bo30yXa eTcsi H 9 CTOTe
~ 55 MI.

H ubosee BocTpeGOB HHBIM SBIAETCS K JTMOPOBOYHBIN ITy9OK KB 3UMOHOXPO-
M THYECKHMX BTOPHYHBIX 2JIEKTPOHOB (IIO3UTPOHOB), P CIIOJIOXEHHBIH BO BTOPOM
9KCIIEPUMEHT JIbHOM 3 Jie [2] (puc.2). DneKTpOHbl, BO3HUKIINE NPU B3 UMOLECH-
cTBUU (POTOHHOTO IyYK C KOHBEpTEpoM (3), OTKJIOHSIOTCH B OCHOBHOH CBHH-
LOBBI KOJUTUM TOp (6) ¢ BXOAHBIM OTBepcTHeM Iu MeTpoM 10 MM M TOJIIMHOMN
7 cM, p CIIOJIOXEHHBIH MOJ YITIOM (¢ = 36° OTHOCHUTENBHO IEPBUYHON TP €KTOPUH
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Puc. 3. 3 BucHMOCTb DHEPrUU KB 3UMOHOXPO-
M THYECKOTO SJIEKTPOHHOTO My4kK OT IOJISt
M rauT CII-57. TonmuH MeTHOro KOHBEp-
Tep : I — tc = 0,1 mm; 2 — t. = 1,1 Mm;
3—te=31mm; 4 —t.=51mMm

Puc. 2. CxeM KB 3UMOHOXPOM THYECKOI'O
MydK BTOPHYHBIX 3I€KTPOHOB CHHXPOTPOH
«IT xp »: I — CBHUHLOBBIE KOJUIM TOPBI;
2 — oy fomuid M taut CII-3; 3 — KOH-
Beptep; 4 — M raut CII-57; 5 — mornoru-
Tellb (POTOHHOTO MYYK («MOTHIIBHUK»); 6 —
KOJUTUM TOp; 7 — CUMHTWUISIINOHHBIHN CUeT-
YUK HTUCOBN jAeHHi (A); 8,9 — Tpurrep-
Hble CUUHTHUIALHOHHBIE CYETUYNKH S1 U Sa;
10 — uccnenyeMslil 1eTeKTOp

¢oToHOB H p ccToSHMHM 3 M OT
MOMIOCOB M THUT . g ymydineHus
9HEPreTMYEeCKOro p 3pelIeHus BTO-
PUYHOIO 3JeKTPOHHOIO (IO3UTPOH-
HOTO) Iy4K Mepejl OCHOBHBIM KOJIJIH-
M TopoM (6) BO3MOXHO P CIIOJIOXe-
HHE JIOMOJTHUTEIBFHOTO KOJUTUM TOP
C OTBepcTHeM U MeTpoM oT 1 1o
5 MM. [l KOHTPOJId MUHTEHCUBHOCTU
TOPMO3HOTO MYYK CO31 H CHCTEM
MoHuropupos Husi [4]. HHTeHcus-
HOCTh BTOPHYHOTO My4YK B 3 BHCHMO-
CTH OT TOJIIIMHBI KOHBEPTEp U IH -
MeTp KOJUIUM TOpP MOXET B PbUPO-
B Tbcd oT 10 o 100 e~ /c.
Tpurrepusiii curd 1 T (opmupy-
€Tcsl TIPH COBII JICHUH CUTH JIOB CLIMH-
TWUIALIMOHHBIX CUETYUKOB U3 IOJIH-
ctupon  Si, So M CUETYUK  HTH-
COBII JIeHUit A ¢ OTBEpCTHUEM U Me-

tpoM 10 MM (T =(S7 - S2)A). P 3mepsl cueTuukoB S; u So coct BisitoT 10 X 10 X
5 MM, cueTyukK HTHcoBI IeHHid A — 60 x 90 x 10 mM. P ccrognue mexay S
u Se p BHAeTcd 32 cM. B cuetumk X ucmome3yiorcs otoymHOXUTETH DDY-8S5.
H puc.3 npeact BieH 3 BUCUMOCTh 9HEPTUU KB 3UMOHOXPOM THUYECKOTO DJIeK-
TPOHHOTO My4yk OT moyigd M THUT CII-57 npu p 3HBIX 3H YEHUSIX TOJUIUHBI f.
MmenHoro Konseprep : I — 0,1 mm, 2 — 1,1 mm, 3 — 3,1 mm, 4 — 5,1 mm.
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Puc. 4. 3 BUCUMOCTb OTHOCHTEIHLHOTO 9HEp-
TETUYECKOI'0 p 3p€HICHUd BTOPUYHOTO DJI€K-
TPOHHOTO IIy4K OT AU METp OTBEPCTUL
KOJUUIUM TOp du TOJIIIUHBI KOHBEPTEP te

| |
200 300
E, M>B
Puc. 5. 3 BUCHMOCTD OTHOCHUTENIBHOTO SHEP-
IeTU4EeCKOro p 3pelleHHs BTOPUYHOIO 3JIeK-
TPOHHOTO My4YK OT ®HEPIuu mpu t. = 1 MM

ud=3mMm

|
0 100

MpH BHEPIHU 3JIEKTPOHHOrO0 Nyuk [
280 MaB: ] —t.=1Mm; 2 — t. = 2 MM,
3 —te =3MMm

H puc.4 npencr BieH 3 BUCHMOCTh OTHOCUTEIIBHOIO SHEPreTUYECKOIO P 3-
peutenust 0 (0 = o/E = AE/E/2,35, 0 — cT HI PTHOE OTKJIOHEHHE CpelHei
SHEPIUHU Iy4K , F — cpeqHssd sHeprus dJIeKTPOHHOro mydk , AE — nonH 4 mu-
PUH 3HEPreTHYECKOro CIIEKTP 3JIEKTPOHHOIO IIydK H IIOJIOBHHE €ro BBICOTHI,
2,35 — Koa(hpHLIHEHT NPONOPLUOH JILHOCTH, ONpPENesdioMi CBI3b COOTHOIIe-
ma AE u 0 (AE = 202 1n2 ~ 2,350) BTOPHYHOTO 3MeKTPOHHOTO IydK
OT TOJIIMHBI KOHBEPTEDP W AU METP KOJUIUM TOpP IPH SHEPIHU BIIEKTPOHHOIO
nydk F =280 M»B. H puc.5 npuseneH 3 BUCUMOCTb OTHOCHTEIBHOTO DHEP-
TeTHYeCKOro p 3pelleHns] BTOPHYHOIO dJIeK- -

TPOHHOTO My4YK OT ®HEPruu NpH i, = 1 MM KMIT .+
nd=3wmm [3]. _,/:,7"
K mubpoBk gerexkropos SPD u MPD Hl' i

x4 \
R

IIy4KOM C BBICOKOIl HMHTEHCUBHOCTBIO 6y-

A

,.’ .\.
JIEeT OCYIIeCTBIATBCS H K H Jie, H XOIs- -/"Hz \
1eMCsS B MEPBOM IKCIIEPUMEHT JILHOM 3 Jie '
(puc. 6). BpIBOI BBICOKOMHTEHCHBHOTO 3JIEK- CII-3

TPOHHOTO MyYK W3 YCKOPUTENS OCYILECTBIIS-
€TCs C MOMOIIBI0 CUCTEMBI MEIJIEHHOIO BbI-
BOJ C MCIOJIb30B HUEM PE30H HC P AU JIb-
HBIX O€T TPOHHBIX KoJieO HUI YeTBEepTOro
nopstak (v, = 3/4) ¥ pe JHU30B H C IIOMO-
IIBIO IBYX MOTIOCHBIX OOMOTOK YCKOPHTENS 1
ABYX BBIBOIHBIX CENTyM-M THUTOB. [Tomoxe-
HHE 0OOMX CENTYM-M THHUTOB OTHOCUTEIBHO

Puc. 6. CxeM K H 1 BBICOKOMHTEH-
CHBHOTO 3JIEKTPOHHOTO IMy4K CHHXPO-
tpoH «II xp »: KMII — xowmneH-
¢ Top M rHMTHOro mosms; JI1-JI4 —
JIMH3BI M THHUTOONTHYECKOTO K H I
CII-3 — nOoBOPOTHBIN M THUT

LEHTP JIbHOI OPOUTHI MOKHO MEHSTB C TIOMOIIBIO CUCTEMBI ITEPEMEIIEHHS B I 1 -
30He 0—5 cM. DIEKTPOHHBIN MyYOK BBIBOAUTCS W3 YCKOPHUTENS M BBOAUTCS B TP KT
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M rHuTtoontudeckoro Kk H 1 (MOK). K H 1 cocTouT U3 4eTbipex JIMH3 U OIHOTO
noBopotHoro M rHuT CII-3 ¢ momoc mMu p 3mepom 500 x 200 MM U MEXIIOJIOC-
HbIM p ccTosiHUEM 50 MM, p CIIOJIOXEHHOTO B 3 Jie YCKOpUTENsd. YTOJ MOBOPOT
mydyk coct BiugeT 18,5° mpu Hepz ~ 0,6 Tn u sHeprum a1eKTPOHHOIO My4kK
E = 350 MeB. OOm s IuH TP KT OT BBIXOZHOTO OKH YCKOPHTENS! B yCKO-
PUTETBHOM 3 Jie 10 4-H JMH3Bl B IIEPBOM 3KCIIEPUMEHT JIbHOM 3 JIe COCT BIISET
~ 25 M. K nmbpoBoun g 30H H xomgurca 3 mnuH30i JI4. [Ipu sHeprum amekTpo-
HOB E = 350 MaB «p 3Mep» mydk H (PpOHT JIBHON IVIOCKOCTH UCCIIEIyeMOro
netekTop okycupyetcs aunH30ii JI4 MOK B Kpyrioe nsaTHo au MeTpoM ~ 10 MM.
HHTEeHCHBHOCTD MyYK B K JIMOPOBOYHOH 30HE PETYIHPYETCs] CBUHIIOBBIMH KOJITH-
M TOop MM nepen M rHUTOM CII-3 B yCKOpUTEIBPHOM 3 Jie. YCT HOBK CBHHLIOBOTO
KOJUTUM TOp C OTBEPCTHEM AW METpPoM 4,5 MM YMEHBII €T MHTEHCHBHOCTb ITy9K
c ~ 10 10 ~ 10* e~/c. ]lu m 30H 3HEPrUM BIEKTPOHHOTO My4K COCT BISET
200-500 M3B, snepretudeckoe p 3pemienue § ~ 1 % [4].

Cnenyer OTMETHTB, YTO JUId K YECTBEHHOTO M BCECTOPOHHEIO IPOBEAEHUA
K JHOpPOBOK JIETEKTOPOB B ®KCIIEPUMEHT JIBHBIX 3 J1 X CHHXPOTPOH HMEIOTCS KO-
OpIOMH THBIE CTOJIBI, CIIOCOOHBIE IepeMell Thb K JHOpyeMble OeTEKTOphl B TOpH-
30HT JIPHOW M BEPTHK JIBHOW IUIOCKOCTSAX ¢ p Ooueil 3 rpy3koit ot 30 mo 100 kr
U TOYHOCTBIO 10 ~ 1—3 MM.

T xum 06p 30M, T K JTUOPOBOK JeTeKTOpOB ycT HOBOK SPD u MPD ycko-
putenpHoro Kommiekc NICA H cunxporpone «II xp » ®U3n4ecKoro HHCTUTYT
um. [1. H. JIebemeB Poccuiickoii K AeMHH H YK UMEIOTCA AB TYYK C IIHPOKHM
AW T 30HOM 3HEPIHH, P 3peLIeHHs W MHTEHCHBHOCTH, UTO I €T BO3MOXHOCTb BbI-
MOJHATDH (PU3UYECKUE 3 1 UM MPOEKT .

P 6or BemonHen mpu nomuepxkke PODU (rp urer Ne 18-02-40061 u Ne 18-
02-40079 «Mer c iteHc—NICA»).
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