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FAIR — Facility for Beams of lons and Antiprotons — npnHATbLIN K OCYLLECTBNEHUIO

npoekT ctoumocTbto ~1200 M€ B GSI, JapmwTtaar. O Havyane cTtponTenscTea
ob6bsaBneHo 07.11.2007 r. OgHako peannn HECKOMNbKO OTNNYaloTCS.

16 okTabps 2009 r. — Evaluation Committee — ogobpeHa moaynbHaa KOHUENUUA
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Figure 1: Modular construction and its benefit for all scientific pillars of FAIR

FAIR will be constructed in 6 modules and an additional phase B (see Table 1):

T errmer roaa -

Module 0 | Module 1 | Module 2 | Module 3 | Module 4 | Module 5
SI1S100 expt areas | Super-FRS | pbar facility, | LEB for RESR
CBM/HADES | fixed target | incl. CR for | NuSTAR, nominal
and APPA area PANDA, NESR for intensity for
NuSTAR options for | NuSTAR PANDA & | Phase B
NuSTAR and APPA, parallel SIS300
FLAIR  for | operation
APPA with
NuSTAR
and APPA

Table 1: The 6 modules and phase B of the construction of FAIR

Finally, the architects have worked out detailed cost estimates for civil construction,
technical building infrastructure and related costs and they have been handed in to
the German approving authorities. The authorities will go through the more than 120
folders and a decision in form of a "Z-Bau approval” is expected within the year 2010.

I would like to thank all partners and colleagues for the efficient work done in the
year 2009 and send you my Seasons Greetings and best wishes for the New Year

2010.
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Leader FAIR Joint Core Team

T.e. peanbHble FAIR Construction geHbrn go cux nop He NocTtynatT HKU B ['epmMaHum
H1 B Poccnn. Ckopee Bcero stopas nonosuHa 2010 r. unun 2011 r.



CBM (Compressed Baryonic Matter) — akcnepumeHT no a4po-agaepHomy
B3aMMOLENCTBUIO Ha BbIBEAEHHOM My4Ke siaep (BNAoTb 40 ypaHa) C 3Hepruemn
2-7 I'a3B/u (SI1S100) n 8-40 M3B/u (SI1S300).

SIS18 (fixed target, GSI) —po 2 GeV/u
AGS (fixed target, BNL) — po 15 GeV/u
SPS (fixed target, CERN) — go 160 GeV/u
RHIC (collider, BNL) — po 200 GeV/u
LHC (collider, CERN) —po 3 TeV/u

Hauvano akcnepumeHTta nnaHunpyetcs Ha 2016 r. ¢ 3anyckom SIS100.

HavyanbHasa ¢pasza akcnepuMeHTa — HblHe JeUCTBYOWaa MmogmdurumpoBaHHas
ana obnactn aHeprun 2 -7 MN3B/u akcnepumeHTanbHasa yctaHoBka HADES un
yceyeHHbIn BapuaHT CBM (5-12 N'aB/u).

BaxHo! CBM — oauH 13 5 npnoputeTHbIX akcnepumeHToB Ha FAIR,
nogaepxueaembix orogxetom GSI.



Temperature &

BM — nay4yeHue cBepxnsioTHOM a4epHON MaTepuun, co3gaBaemMon nNpu aHeprum
SIS300 B ueHTparnbHbIX CTONKHOBEHUSX TSKENbIX MOHOB (bapuoHHas NNOTHOCTb
CpaBHMMa C NSIOTHOCTbLIO B CepaLeBnHE HEUTPOHHbIX 3Be3a 1 B ~10 pa3 npesocxognt

OObIYHYIO SA4EepPHYHO MNOTHOCTD).

dasoBaga gnarpamMmma CUnbHO
B3anUMOLEeNCTBYOLLEN MaTepum

m [1pn HA3KUX NSIOTHOCTAX C NOBbILLEHUEM
TeMnepaTypbl HYKNOHbI BO30yXXaalTcA B 6apMOHHbIe
pe30HaHCbI, poXAarTcs Me30Hbl — pa3a aapoHHON
maTepumn (cBeTnasa obnactb). Npu 6onee BbICOKUX
Temnepatypax pa3oBbin nepexon K KBapK-rinOOHHOU
maTepuun (oekoHcpanmmeHT). TemnepaTtypa nepexoaa
T.~170 MaB npu HyneBon 6apuOHHON NMOTHOCTH, YTO
B ~130-10° Bbiwe TeMnepaTypbl BHYTPU COSHUA.

RHIC, LHC

"\Nuclel Net Baryon Density

m B cunbHO cxaTon xonoaHoOM sAepHON MaTepuu, Kak 3TO MOXEeT CyLlecTBOBaTb BHYTpU
HEUTPOHHbIX 3Be3a, 6apUOHbI TepAT CBOKO UHAUBUAYANbHOCTbL U PAaCTBOPAIOTCA B
KBapKu U rmooHbl. OgHaKo KpuTnyeckasa ninoTHOCTL ANA TaKOoro nepexoaa He n3BecTHa.
Mpu o4eHb BbICOKMUX MIIOTHOCTAX U HU3KUX TeMmnepaTypax NoMUMO AeKOoHdanMeHTa
oXuaaeTcs HOBbIN Pa3oBbIN Nepexon, NPU KOTOPOM KBapKU KOppenupyrT U hopMupyroT
LBETOBYI CBEpPXNPOBOANMOCTD.

RHIC, SPS, AGS, FAIR



lNpeackasbiBaeMble SIBJIEHUA B CBEPXNJIOTHON SAEPHOU MaTepumn

m MoandomKauusa agpoHOB — BOCCTAHOBIIEHUE KMPArbHOW CUMMETPUN

m (pa30BbIN Nepexon K COCTOSHMIO CBODOAHLIX KBAPKOB — AEKOHMaNMEHT,
KBapPK-rftoOHHaA nnasma

® BO3HWKHOBEHME BO3MOXHO HOBOro ¢pa3oBoro rnepexona K COCTOSIHUIO C
KOppenupoBaHHbIMW KBapKkaMu - “LiBETOBas CBEPXNPOBOAMMOCTL”

m HOBbl€ 3K30TMYECKNE COCTOAHUA MaTepumn Takme, Kak KoHaeHcaThl
CTPaHHbIX YacTul.

CBM copueHTMpoBaH Ha N3MEPEHNA B AOCTYNHOM 3HEPreTU4EeCKOM
guana3oHe.

® KOPOTKOXMBYLLINE NErKMe BEKTOPHbIE ME3OHbI, pacnagatomecs B
NenToHHbIE Nnapsl

® CTPaHHbIE YacTuubl, o0cObeHHO BapuoHbl, coaepxalime bonee 4em oanH
CTPaHHbIN KBApPK

® ME30Hbl, coaepxalime Yapm

® KOJINIEKTUBHbIE NMOTOKU YacTul

e cvent-by-event QiykTyanuu



MUCH
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5 s n /M WS MNetektop CBM HTEHCMBHOCTb COObITUI A0
§ E l}\i \\i N B kaxxgom cobbitnn o 1000 3apsikeHHbIX
. S H yacTuy
N TOF (RPC) ErAL

M3MepeHue uMnynbLCOB U TPEKOB YacTul —

STS (Silicon Tracking System) — 8 cnoes
ABYCTOPOHHUX CTPUMNOBbLIX AETEKTOPOB
pa3MelleHbl B CBEPXMPOBOAALLEM
ANNOJNIbHOM MarHuTe 00mbLION anepTypbl

Ha ctagun nccnegoBaHUM NpoLIECCOB C
OTKPbITbIM YapMOM JOMNOMNHNUTENBHO K STS
yCTaHaBIMBAETCS MUKPO BEPLUNHHBIA OETEKTOP
MVD (gBa crnod nuKcenbHbIX 4eTEKTOPOB,
pacnofioXXeHHbIX B6AN3N MULLEHW)

NoeHTndukaumsa agpoHoB — pekoHCTpyKunsa TpekoB (STS n TRD) + TOF (cton - RPC, ctapt —
anMasHbIW NUKCeslbHbIN OEeTEeKTOop )

NoeHTUdUKaLMA INEKTPOHOB — PEKOHCTPYKUMS TpekoB (STS n TRD), peKOHCTpyKUMS KoneL B
RICH, aHanu3 aHepretndecknx notepb B TRD

AnektpomMmarHuTHbIn kanopumeTp (ECAL) — namepeHme npsimbix QOTOHOB, 3SIEKTPOHOB, MIOOHOB

MUCH (Muon Chambers) — uayuyeHne MIOOHHbIX MOA, pacnaga.

[NepBoHayanbHas Bepcua CBM — pernctpaunsa e+e- nap oT pacnaga KOpOTKOXMBYLLNX BEKTOPHbIX
ME30HOB U Me30HOB, coAepXallux odapoBaHHble kBapku. MNpu yyactumn NMAAD npeanoxeH v NpUHAT
CTapTOBbIM BapUaHT 3KCNEPUMEHTA — U3y4eHNe MIOOHHbBIX MO pacnaja.



YyactHuku NMUA® B CBM (Ha ceroaHsiunvii neus) :

1. B mrooHHOU cucteme MUCH

B. bayonuc, C. Bonkos, B. EBceeB, B. UBaHOB, b. KomKkoB,

E. KpbiweHb, J1. KyauH, B. HukynuH, E. PowuH, I'. Pbibakos,
M. PuixnHckun, B. CamcoHoB, O. TapaceHkoBa, A. XaH3aaees,
E. YepHbiwoBa

2. B petektope RICH

E. BaHy3naesB, B. [100bIpH, E. KopmuH, B. JlebepeB, H. MudTaxos,
B. NonsakoB, B. CamcoHoB, O. TapaceHkoBa, B. TonuunH



MiwooHHbLIU getekTop MUCH

107 cobbiTui/c, Kaxgoe u3
cobbiTnn cogepxut go 1000
TPEKOB 3apsKeHHbIX YacTul

Abcopbep — Fe (13.5 A,), LueHTpanbHas
BCTaBKa — ckopee Bcero W

CtaHumun 1,2,3 — Tpn cnoa GEM mnnn

GEM + MICROMEGAS fgeTtekTopoB B
KaXKd0W

UacTb getektopa,
npegHasHadeHHas ons
NErknx BEKTOPHbIX
Me30HOB (~7.5A))

metoT nagoByto CTpyKTypy (npu
NpoekTHOM occupancy 5% MuWH. pasmep
naga 2X3 mm2, makc. — 50x50 mm?)

CrtaHuun 4,5 — straw , 6 — 9 cTaHumsa —
TRT

Uncno kaHanoB aNeKkTPoHUKU ~ 5¢10°



Mpepnonaraembiv BKkNnag NMNA® B MIOOHHYIO CUCTEMY

Items Total cost | Indian contr. | Russian contr. GSI contr.
k€ k€ k€ k€

absorbers incl. support 800 - 800 (100%) ?
straw tube detectors (100 m?) 400 - 400 (100%) -
fast micro-pattern detectors (40 m?) 1000 500 (50%) 500 (50%) -
Services: 1000

HV system (5000 channels) - 600 (100%) ?

LV system (100 channels) - 300 (100%) ?

Cooling 100 - -
gas supply system incl. controls 600 - 290 (48%) 310 (52%)
detector mechanics, mainframe 800 - 800 (100%) -
FEE+read-out contr. (5X10° channels) 2500 2500 (100%) | - -
prototyping and tests 400 200 (50%) 200 (50%) -
spare parts 500 250 (50%) 250 (50%) -
Safety 100 - 100 (100%)
Alignment 200 - 200 (100%) -
Transport 300 100 (33%) 200 (67%) -
installation and commissioning 1000 400 (40%) 400 (40%) 200 (20%)
On-site infrastructure, cables, crates 500 250 ? - 250 ?
R&D 500 250 (50%) 250 (50%) -
Sum 10600 4550 5190 860




Software

- NpoaHanuanpoBaHbl OLLMOKN PEKOHCTPYKLMU XUTOB A5 pasfnYHbIX TUMOB KNacTepoB U
rpaHynsapHOCTN MoAyNewn.

- PaspaboTtaH anroputm npoBepKn COOTBETCTBUSA PEKOHCTPYMPOBAHHbLIX TpekoB MoHTe-Kapno
NHopMauun (HeobxoaMmMo AN OUEHKN 3(PPEKTUBHOCTN BOCCTAHOBIIEHUS TPEKOB)

- MpoposrmkeHa paboTa No oNTUMMU3aLMN CTPYKTYPbI ETEKTUPYIOLLMX CNOEB

- NpoBeneH aHann3 aPEKTUBHOCTM PEKOHCTPYKUMN TpekoB B aeTektope MUCH

- iccnepoBaHo BnusHMA mepTBbIxX 30H geTtektopa MUCH, cBs3aHHbIX ¢ MO4YSTbHOM
CTPYKTYpOU, Ha npumepe 3 PEKTUBHOCTN PEKOHCTPYKLUM MIOOHOB 13 pacnaga J/\WW

- OcywecTBnanachk nogaepxka nporpammMmHoro obecneyeHus ansa getekropa MUCH
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- Ha npumepe ueHTparnbHbiX Au-Au CTONKHOBEHUIA
NpoBELEHO NUCcnegoBaHMe BO3MOXHOCTEN
peKoHCTPyKumnmn A-, =- n Q- runepoHoOB B
akcrnepumeHte CBM nipu aHepruax SIS100.

- [lpoBeaeH aHann3 BO3MOXHOCTEN
PEKOHCTPYKUMKM nonspusauum J/y B ANMIOOHHOM
KaHarne akcnepmmeHTa CBM.



R&D - Bbibop 6azoBoro getekropa ansa craHumm 1,2,3
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INDEPENDENT PROFORTIONAL COUNTERS
(- Bomm) £=3 HIGH RATE CAPABILITY

HIGH VOLTAGE ELECTRODE SEPARATED
FROMREADOUT ==> ROBUSTNESS

FASTELECTRON SIGNAL ONLY
E=0 HIGH RATES, GOOD TWO-TRACK RESOLUTION

o
/;5’-’\ Anode strips
rany other readout structure

- = —_— READOUT ELECTRODE. ARBITRARY PATTERN
/GEM (10x10 cm?) npousBeneH B CERN
U Catbode
d1=3 mm
Uy THM
U, d2=2 mm Ons MICROMEGAS ucnonb3oBaHa
Lig Tesh

2 %__ s e _\ KUTaCKasa ceTKa U3 HepXKaBerLwien
i cTanu (NnpoBonoka - 22 um B
/ N\ /e AvnameTpe, a4eunka - 64um).

3aparowime paccrtosiHue (75 um) go
aHoAa CTONOUKU BbINONMHEHbI U3
¢oTope3ncTa TpaBrieHNemM




HanpeHa rasosasi cmecb He/CF4/iC4H10, obnaparowas nogxoasawmmm
cBonctBamu (B cpaBHeHUU, Hanpumep, ¢ Ar/CO2 cmecbio):

m CywecTBeHHO HMXe BEPOATHOCTb Npobos

m [loctaTouyHO Manble BpemeHa coopa 3apsaga (~ 100 Hc)

m Moyt B ABa pa3a MeHblUe nonepeyHas v npoaornbHasa andpdy3us

m Te xxe 3Ha4YeHUA KoadhpuLumeHTa ra3oBoro ycusrieHMs 4OCTUraroTcs npwu
Gonee HU3KUX NonAx (NoYTKN B 2 pa3a MeHbLUe 3Heprus B paspsaae)
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OcHoBHas 3agayda Ha 2010 r. — noaroToBka U Ny4YKOBbIE UCTbITAHUSA ABYX
npototunos GEM/Micromegas n TGEM/Micromegas. TectoBbi ny4ok B GSI —

aBsryct 2010 r. TecTtoBbIN Ny4oK B [[@T4YnHE — ?

Ha Ha4yanbHOM aTarne (TecToBbIN
ny4yok B NNAD) readout
anektpoHuka ALICE

B GSI| nepexog Ha NXYTER

CTpyKTYpa aHoaa

»2048 napoB
»Pa3mep naga 1.5x 3 mm?2

> Pabouasa o6nactb 102x109 mm?2




PaanaumoHHada CTOMKOCTb MaTepuanoB

Cof(E=1.25 MeV) — aBe akcno3unummn 390 krad n 5.3 Mrad

Mocne o6nyyeHus aHanu3 BbiAeNsOWUXCA NPOOYKTOB METOA0M UcpaKkpacHom

CneKTpockKkonuu
polyethijt&tie kapton . FRZ )
VJ :\ % “L
RN I NI Mm : Wﬂ?ﬁ%&mﬁﬂw
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Radiation degradation
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kapton noril flan FR4
(polyimid) polyethylene

KoadchcumumeHT paguaumoHHOro paspyLueHus

nocne Ao3bl o6nyyeHus 5.3 Mrad

/

LleHa donaHa 1 kanToHa B ~10 BbIle, YyeMm FR4

He cywectByeT honbrmpoBaHHOro Hopuna

Hopun B ~2 pasa gopoxe, 4yem FR4




NetekTop RICH

B 30He otBeTcTBEHHOCTU [TNAD:
m Bca mexaHuka

m [ a3oBas cucrema

m Cuctema IoCTUPOBKMU

S RICHTaoIr NN CBM RICH, trapezoid mirrors

B
C

Reminder:

new —more compact layout developed based on CO, as gas radiator this way
keeping the number of hits/ring

The main idea -

lage | Compact latitude/longitude division:
radiator gas N2 co2 ¢ the division of the goal spherical
reflective index 1000298 | 100045 surface into units has the precise .|
ey % pe geometrical description;
e o = * minimal gaps betw_een mirror units,
the only technological gaps of
i = u 3 mm are needed:
I e 4 ? * the only 2 variants of the unit
mirror size [m?] 228 18 dimensions, the length of side
photodetector size [m?] 9 24 is about 450 mm;
No. of channels 200k 55K * no fitting cuts for units.

E. Belolaptikova, S. Lebedev, GSI

72 trapezoid units



Ha cerogHAwWHMI oeHb NpegnonaraeTcs NCnofib3oBaHNe TOHKNX (3 MM)
CTEKITAHHbIX 3epKan

Pa3paboTaHa KoHLenuus NoACTPOMKM 1 3aKpeneHus 3epkarn

mirror with safety
film

sandwich

4
-,

NPOTOTUMN MEXaHU3IMa 3aKperyeHnd

mould with spherical surface



AL SHES

NMpoBeneHoO KOMMNbLKOTEPHOE
MoaenupoBaHue aecgpopmauum
3epKan npuv ux sakpensieHUu

1.21Be-7
1.0097 -7
8.0775:8
6.0582e-8
4.0388=8
20194e8
0 Min

< BepTuKanbHoe nonoxeHve
Makc. oTknoHeHue ~ 0.2 MK

o
¢ HaknoH +20
Makc. OTKINoOHeHne <2 MK

0.200 {m)
0.100

<— HaknoH -20°
Makc. OTKIoOHeHne <2 MK

0.100




Co3aaH cTeHaA ONTUYECKUX U3MEepPEeHUm,

NO3BOSIAOLLNK NOBOPOTLI B FOPU30OHTAlIbHOM
NSIOCKOCTU B nNpegenax +/-45° n B BepTuKanbHOM
+10/-25°

m OnTn4eckne xapakTepucTUKn 3epkana npu
BbIOpaHHOM CXeme KpenseHus

m OnNTn4eckne xapakTepmcTuKn npu pasnmyHbIX
HaKrnoHax 3epkana

m OTpaboTka npoueaypbl NOACTPONKM

m /13mepeHne BpeMeHHOM CTabnnbHOCTH

= :\!’. mirror
= — Point source
- £
Scween
CcCcD ! f
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! i

! !

i |
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radius of curvature

Midmh i split
— :,,,||

) (=] 3} - MirrorTest =101
Fie Options Help Fle Optons Help
0 o
50 50
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200 200
Jxfdmax = 0% Jylmax =0
dilmaxg=gda e Xh= 273 XRMS=  87.
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I o 50 100 1560 200 250 300
0 50 100 150 200 250 300




Mnanbl Ha 2010 r.

m [1pogonmkute onTuMmnsauunto MwoHHoro aetekropa MUCH

m PopmMynunpoBaHmMe OKOHYaTerbHbIX TpeboBaHNN Ha
rPaHyNsApPHOCTL U NPOCTPAaHCTBEHHOE paspelleHne 6a3oBbIX
netektopos Tpekoson cuctemol MUCH

m [logrotoBka v UcnbiTaHMe Ha Ny4yke NPOTOTUNOB OETEKTOPOB
ana mwooHHou cunctembl MUCH

m CosgaHne 1 ucnblTaHne Ha nyyke npototuna getekropa RICH



Back up



(d°N, /dndm_) / (dN, /dn) (100 MeV/c®)
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[V3NeKTPOHHbLIN CMEKTP MHBApPMaHTHOW
Maccbl, U3MepeHHbIN Ha SPS, B
CpaBHEHUU C OXXngaemMmblmM

[vnenTtoHHbIe pacnagbl
KOPOTKOXMBYLLINX BEKTOPHbLIX
ME30HOB — MHCTPYMEHT AN U3yYeHUs
BO3MOXXHOIrO BOCCTaHOBIEHUS
KMpanbHOM CUMMETPUM B NIOTHOMN
cpege.

Moaundukauns cnektpa
WHBapWaHTHOW Macchl Ans e*e (u*u’)
nap.



Yield / participants relative to p+Be

Au+tAu (Pb+Pb) central collisions
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OTHOCUTESNbHbIN POCT POXAEHNS
CTPaHHOCTKN paccMaTpuBaeTCs Kak
Npu3HaK gekoHdanmeHTa (poxgeHue
nap CTpaHHbIX KBAPKOB B KBApPK-
rMIOOHHOW Nnasme 3HepreTnyeckn
BbIFrOAHEN, YeM B aJpOHHON MaTepun)

AdhekT gormkeH bbITb Handornee
Bblpa)keH An4 BbiIxo4a MynbTu-
CTPaHHbIX YacTul, KaK 3TO U
Haonganocbk Ha SPS, NA49 u
WA97/NA57
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PoxgeHne Yapma — ewe 6oree 4yBCTBUTENBbHbBIN 30HA ropsiden 1 NOTHOW cpenbl,
cOo3aBaeMou B CTONIKHOBEHUN TSXXENbIX NOHOB.

Moandukauma D-me30HOB — BOCCTaHOBSIEHNE KNPanbHOW CUMMETPUN

[NMogaBneHue BbIXoaa HYapMOHMyMa - NMPpU3HaK CyLleCcTBOBaHUA KBapK-FJ'II-OOHHOI7I nna3mbl

s Pb-Pb1996
A Pb - Pb 1996 with Minimum Bias
e ® FPb- Pk 1998 with Minimum Bias

0 20 40 60 80 100 120 140
E. (GeV)

Bbixoq J/\W-me30HOB B 3aBMCUMOCTH

oT
NnonepeYHon SHepruu.

KpvBble — pe3ynbTaThl pacyeToB

¢ yyeTom nornowenus J/¥Y B

agpOHHON
MaTepuun.

Table 3.2: Expected J/ W count rates for Autdu at 25 GeV/u. The corresponding values for the

CERN experiment NA50 [46] are shown for comparison.

25GeViu Aut+Au 158 GeV/u Pb+Fb
Jhy multiphieity 1.5-10°% 1108
(central collisions)
heam intensity 5-10%s 21078
interactions 1-107s (2%) 2 -108/s (5%)
central collisions 1-108/s 1-108/s
Jhy rate 15/s 100/
6% Jhy —ete- (HL) 0.9/z 6/=
spill fraction 0.8 0.25
acceptance 0.20 0.15
Jy measured 0.14/s = 0.22/s=
8104 week 1.3-10%week




MuCh 2530 40 40

Hﬂhaﬂﬂmﬂ 439 Egﬁ » 2?2 354

min pad size
(mm?*):
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2.8x5.0

5.6x5.0
w + central Au+Au collisions at 25 AGeV

standard compact MuCh
Much 2530 40 40

S/B 0.095 0.094

€, % 1.9 1.8
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JMG+GEM_2.txtMg+GEM1,Ar/CO2(90/10),Alpha,HV=1200/360/500/900_Att=31ras. 6.05.08
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response (gas gain ~ 6-104)

At the following stage for Micromegas we
used rolled mesh of Russian production
— stainless steel (wire - 32 y in diameter
and cell - 64p).

We saw the difference in gas gain of ~4
times for the same voltage applied in
comparing to previous case (wire - 30 p in
diameter and cell — 50 y). Qualitatively it
looks reasonable. But quantitative
estimations we will get later in special
measurements for set of different mesh
dimensions.
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Working points
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Gas gain is not a problem and

E 2 HelCo2 80:10 . .
E He/Co21 9073 we can have it as high as we
o A HelCo2/l 90:5:5
o 107 He/Co2/| 90:3:7 want.
Use of 3 component gas mixture
e with small portion (~ 5%) of
- isobutane gives about two order
- for gas gain in He at the same
5 =
e voltage.
10*
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Using isobutane in working
gas mixture should
considerably put down
working voltage to make
lower discharge energy
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