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Tho CYGNUS ●xpshtectt, Iocawd In Loe Abcaoe, NM, h~ bwa continuously operati~ sines April 2, 19S6.
Th~ expdmont coaxistsof M de showor array xad ut xxcociated 44 ma muoa detector; its lug. sise, good

qttlu raeolutiott, tattoa dotectioa, aad low ecmrgy thwehold mak. it ● -miquc ●xperimoat uaong those
current Iy o~atiag. Tho ●xpcrimmtt hac tmdorgono coathmow .xputsioct in coved stWee dnee it began
opwat ion. Th. ●xperintont, ike wpeasioa, aad M hoc pbae for thc future will ba deecdbed,

1 Introduction

The fbld of highatorgy utrophysice hu ewn rapid ●xpam
sian he the bet covorxJ Yom. This Ie putldly duc to rweat
obeorwdotte ofeevoml polat 80WCX8 at boNI VHE (- 1 ‘W)
aad UHB (- 100 lhV) atecgbw Porh~ ha mootstrikiag
rmtlt wu th9 obmmion 4 mttoa.cichde dtowm from
the d(wctba of Cygaw X41. It was in this cllrnatc of -
p.ct~ ree~te ia thg UHE eaorgy r@atg that tha CYGNUS
●xp,ckaom WM bqtta.

‘rhwe w eowrd Chuutdotbe tht any dt.dtowcr 61.
pwhctmt Aottid have to IN ahla to web for @at courcce.
Thew imclttde @ an@M raeohxtloa foe -CO ititiils
catbx ead backgmtmd SttpPNdOX, rdida mwtt ititifk

tlaa tO ditcthtde thePoeoibilithe of aaaomaadc coatuab

natioa, utd low eawgy.tbwohold and lu@ ma to provido
both ~ottd wvatttiqststlstkaaad ehwt.term btuet eecdtiv.
It y, As dcoccibod bobw, tlw CYQNUS expaimeat meoto
ttU of tk owdo utd on.goiag cxpaaebtt wiil contlau* to
Incremse tb capdilltloe of tho oxpdtttont; the Iortg.term
god of pffonttltq I@ duty futoc VHE obexrtiloae will
aiea b. @erihed, Recefit mtth oa Cygtw X41 Herculos
X.1,8 xnd other httcreetint physlcd, cut b. fouad let tho
lhemture.

2 Tho Past: The CYGNUS-I Array

Tha CYGNUS air.thowor arrays is ut uray of scintillation

dotxctom dopbyed uotmd tho end of the LAMPF acceler.

ator,t~mob. uce of ut dstin~ noutrino detector, ●t Los

Alunoc Natloaal Laboratory in LOOAlurios, NM. It ia lo-
cated at 35,9°N Iotitudo, 100,7*W longitude, and an xltitud~
of about 2,100 m (7,000’) correcpondiq to ut ●tmospheric
ovccbtwdoaof aboat 800 g/cm*, Thw CYGNUS.1 uray cur.

reatly Coaxlsts of ● totxl of 106 couatem spread river m. uea

of abmtt 20,000 m’,
Each scitttilktion detector, shown schamatlcally in Fit

uw 1, hM ● sicqk 2“ photomtdtlplbr tube in ● light. tight

fibocgbst eacloettw vlewhq ● tcint Ubtor of em 003 ma.

Th~ htfocwmtktt rococd~ for euh event inchtdec t ho rela.
tiv. titno each detector WM hlt (with A ugnsi correopondin$

to ●t Iexxt shout 0, i rttirdmttm ionising p~ticlo) M weU ac

th~ rdsth pulse height of tho sigtmi, “Thodetectors Me rc~.

UIUIY calibrated ushtq sin~lo petmtrnting putielm recorded

In colncidonco with ● sepusto pair of tmallor countero placed

In turn clktly tmd~r euh detector,
The Iocntion of tho exporimmtt at ut exhting facility ded.

ksted to phyeico meearch hete mad, operntion utd msinte.

nattce of the oxporlmont In many raspcct~ simpler Plnce.

matt of th~ rtrrsy uottnd tho heun ttop re.uh In n rnther

irregular pattern, shown In Figuro 2, with oome detector?

located cm bulldhtsg or hillddes, hut this pattern doeo not
dlect the avcrdl per(ornmnc. of the uray; the renson fm

+ Prowtt nrldrem: Physkrn Dopt,, (Inlv, of Notro Dante, Notre Dun., IN

I Prwmtt ddr.~t: Phvdcs Dopt,, tlmv, of Southampton, Southampton S09 6NH, (!K

‘p-ted at tho WorkChop on ph,ygiet Md clpot~rn~at~T@tiqUWof High Energy Neut rkto and V HE ml

t~ti~ @tutt4.R4y putlch Aotropltycko, Lltth Rock, AR, hi-y 11.13, 1989
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Fe 2. Ds@oymost oftho couatcrs uound the LAMPF

bun stop. Eub ciccla ropmsantc s countar. BuMnCO,

rodJ. *c. m also dtown. Tho ● ~rmntt the ●pproxi.

rnato Iocstim 4 tbo E22$ dcimtor,

S Muon Id.ntlilcmtion In CYGNUS-I

Tlta CYGNUS-I May 10dcpluyccl uvund th~ LAMPT E:2~

nwtrlna-clwtmn dutic scmttwlng mpcrlmortt, tlw first cl.

porilrwtrt to Okrw w, - e rcattorin~’, OhOwn In Flgurc O
ThQ C2~5 dotoc~orlo ohkldd on th~ top by 18 m iron quiv.
tint aad on th,reaof the row dd~t b? 1,0 m iron ●quivalmt

(th~ fourth old., towud th~ hmmr ~top, is shioldtd Ilwch

more), Thloahldding corrmponds to shout 50 rwlintkm
Img!ho utd shout 12 nucltu.lnt~rnction Icnsthc for th~ IIJp

(30 mdiulon lwt~tht and T intw~tlon I-ngth! (ur rh~ ~IdM)

ThQ IIIMIIIUM ●rcrg,y r?quircd for ● vwttcal muon II) pw.
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Flgww 6. Scbormtic raprosmtation d the E226 nwtrino

dOWCtW okdng both k &or dotoctor and tho MWPC

aoticolacikco dototmr,

ctrmta tha top -Mold is 2.6 GaV while b ● muon uttming

tbc aim at ● Wssnjth aogka II io 2.0 GQV,
Incido the ohklding NW niultlwlrt proportional chamber

dotockw umd u ao uttlcoiaclticc vGto fcw the ncutrino

upedmmt nrviq u tba muoa ~octor b th CYGNUS
cIpodmcmt. Tb,h datectos, with m oillclmcy grcator than
92%, is a cwba 6 m 09 ● ddc mmtltlng in ● minimum u~a
d 2S ma of muom ckctor; tha total projccmd am o{ the
daactoc for h typlcd Ihowor Is 44 rd.

A fl*wmkd rtoutrho dstcctw was inmtallod inside the

dMddlrtg/v9to syatcm Rocoiutruchn of muoru pusinn
throughtlth datoctor CM b uovd to compam tho muoa dh

roctloawith thorocomtructod ahhoww direction to mrch

[or systoruatk an~ulu W- In roconrntruccion. Mwn multi.

PI. scattering in tha shield io mpoctcd to ha about la Figure

6 showt tba aagub dlllmonc~ dhrihutlon, iii right RSCWI.
dw utd kllnatla, fw ● mmpk of mch cmtts, Chrly,
thaw IS no cvidgncc h tystowtatic roc~truction errors in

Ihlo data gmator thm IJ,~. The cantm~ &tcctor umt II Q

Cvmtud dOII~M M tho it~ b Cchttlllhtor uoco fur cl-ploy.

nmnt in tho uYGNUS.11 array ml ko muon dsttttor.

4 Tho Prmontt Tho CYGNUS-II Ar-
ray
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indicmtioa that the spwctrum of the burnt ●vent~ is h~der

than thw cosmic-ray b~k~und; thu, a Iuge ur. showm u-

ray dmi~d to concmtrnte on high ●tergiw4 wiU optitise

tha ohrrved SIgttd mnd ●t the sun. tima nrinimim the num.

bet of dtimtorw mqti to corm ● girm ~. Ttis wu th~

god c4 thw curwnt ●pmmrt tiort, known u CYGN(TS-1[ ,

which is &sigmd to grwwtlyexpmtd the UC- cormd by the

CYGNUS ●pirmnt.
TIM CYGNUS. U urny is made up of w counters, nenrly

identical to tlw CYGNUS-1 countort Qxccpt for their Mm.

1.0 mt, dopbpd 0V4T m ~ of about 80,C00 mt, Tho
courttm ar4 urulgd IOgicdly into 6 distinct “mtmrrays”

of 16 couatcm ●~h, u thown in Fi~ T; (b roamn for

tbh io to balp rdacw tk akroaic gtic width roqh for

m army of such .iso. Thw cpuing bot~ cmntm vnria

from 20 m f= tk t- mbwsmys nauwt CYGNUS.1 to 30

m for tb t- furtbt from CYGNUS. I lhw rwMon for th.

gradsd approuh is to ●xpmd thwhigh-wnwrgympabilitioIof
tha CYGNUS ●xpuitmat in a mtoo.th fashion.

Thw ddti;s for CYGNWU uw mmowhat diffcrmtt
thaa t~ in CYGNUS.1 wnd uw bcatad in s trtilm can.

trdly Iota.td withjn th CYGNU$I1 uray. Thh elitni.
natcw thw Unaccwptmhly kg Cd)b Iaqtlu thst would ho

mqukd to rwuh thw CYGNUS-I wbctronics traibr. Tim-
ing d pub hwight rrmmmmm touw -tillmwch for .ach

cottg~ but,imtwadd ● @ba gbhd t- for tho ●.

tira umy, ●sch subuTay hu its own kowm.lctol Iocd trig.



rnemtthat at but mme minimum multiplicity of countorc
in CYGNUS-U io met ovby a tri~ from CYGNUS-I (and
vie- wraa). Thw array is comtrolbd by tho contptttw +icb

opwmtea CYGNU$l . [t is thuo paeiblc 10 kw both UVsys

act u if dtay wem simply ● 8*, very 1- :-my without
unacceptably long cable mm.

A rwbtim compuisoo of tha mpabifitiae of CYGNUS-I
and the combustion of CYGNUS-I wad CYGNUS.11 caa
he made by calculating thw intwgral ektivw wram wuumimg
n sotwcw int~al powav.law spectrum with s~tral indu
~= -1,0, bwbw an ~ B, alf normalised to tho inte-
gral &tivw uwx of thw cwigid CYGNU$I army with 64
dwtectom. Tbw compfuism is tk thw ratio of thw mtmbwr

d cbtoctad Wveatmfrom ● coum with such ● spscttum: tk

~dto - OhWO i9 FIgUV98. ‘rb9COtUPUiH f~ WVCCd

C* GxGJI
(:V) CYG.b CYCMSC
10” 1.8 2.5

=IXVQthe two coiammc~t a ccmtpulsoa of CYGNUS.
I with w cotmtaw (A tb comhiiim d CYGNUS. I wad
C!YGNUMI ) with CYGNUS. I with S4 codue, mpu-
tivwlym

%bymmt of the couWcn is uadnvway sad tboy Aould

hcconn eatirdy ~mioad by the -d of 19s9,

5 Muon Identiflcat Ion In CYGNUS-II

SQVWRIeptione foe r WI dotvWoa in CYGNUS-II werwcam.
skbed from AAddd b--da detwctaee SO btuiwd echtU.

IatMm Wbao thwOptb, d fmfbd dulllatoeWM *,
an Ohvlotm dta pmatd ltd. la Muly tk Qxut CmtCr
of tba C.} ’GNU$II ammy tbm h M anoyo M km 30 Iht

*. Si~ tba local roch io toft, Ii h auy to dx.;
thug, tha ldwmof simply drUUq Ma b tbs ddw of the u.
royo Md iwtalllq cciatibtav -as, tab km E120,
wu pmwd, TIM muog dwtcam h CYGNU$I1 10heown
M “Anuadm, aftw thw clWdwcUlc+g kdlmte who lahabhwd
theueaabaut loooyweqom

Thcva am ● Iotd of 18 hok, euh 3S In. In dkmtw
nttd40 fowt clap, ha dMttMtlC~ h ~l#wQ 9. Two
scirttillatiom cottntcew, ●ach 30 ID, wide aod 10 fat Ioq

(UOn 2,3 ret), will h pbtd h ouh hOb; thQ tOtd uwa b

the 30 detoctwm h 70 m~, The holee uw covevod by ~t but

10 f-t (5,46 m) of rock, ofdonelty 113 dent’, comepondlag

to m uunintum ovwvburdea of 710 ~/Ctd
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8 Tho Future: The CYGNUS-III Ar-
ray

Thaw uw mevavwlpodblw optloae which could he the next

stwp foe tha CYGNUS cc~im~t. FOV●mmplt, comin.

ud oxpartdon to IV mraa, conunued doployumt over t h-

pti arw for fowu encrgh, and more or bettor muon
datwction, All of thee opti~ would b, ● continuation of
lm dotded ctuukt of the mmw phmomatoa. Instcul. rh-
CYGNUS colltiath hu cken to pursue an wttirely dlf.
fcrwntgod, that of perfmdg high.duty f~tor ob~~rv~~ion~
in the VHE dwmti. ThQ motivation for this is semral fold:
thm MWM to fm movweourcweob~rved at V HE ●tergim,

th~ known SOWCee ~wm to hunt moreoftmt, it is Ilkdy t h~t
thme MO ttndlocoramd sowcoe at t hew ●tmrgios, wnd t hm

in ● Iwrgaly unaaplored region in evmvgy from tho - 1 TeV

r@on when air.(ktthor td~copm ofmrato to t110- I 00
TaV regka of EAS urays, Tho gomle for this nsw •~ort

~trongly mggwel ● solutlon bared on !hc EAS may concept
Whatgmr thw tolution, an extensivo muon datector will bP

requhod if ititIIdml to ~uch for muon- m thowmm RI

thm mwrglee.
Thw meet ohviou! solution would he d~ploymmtt of a an-

dnrd scintllfst~ coumem in ● very dmtm wrray, tsntnliv~lv

known M “dmtw pad,” Surh an ur.showm ~rny, with scln-
tiilmtor cov~ri~ dmut 10% of the total ~rea [ O 5% it n~l~

t ~o~d oht~rve !howm frl!llltypicwl) Of ●bout HLOOO m ,

prlnmvy wtmgiec M low M I TQV with the typwd =twrxy



d &t S TeV, TIM eauu.dapenrknt mngmb redution

mtrld rmry km aheut rti tbrahold to O.~ti 2U TcV. Such

● detutor, u ● simpia ●xtension of decscla old teclmiquea,

could k ●dy built ad -d cat IOWd * dolluw.

Attotbm optioa, ked un t~ =*-~*o~ t=~qu~, is

* being CXpbed.

7 Conclusion
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