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1. Introduction 
our quest to understand 

the 

that lleutriuos are lllat;sive, lS all increiL';i"'d illterest iu 
the neutrino llature 

the absolute neutrino mass scale and 

conserved if 

neutrinos 
in the formation of a new Stcwdard Model 

of mass itself. If neutrinos itre 



scenA.rio for the 
the of 'yct, there no 

respect 
of two-I18utriIlO double betH III this 

<HIei 2 D. This is an allowed pro('ess and has 
call occur if a 

elllitted. In this cas(\ 
violates L 

of the neutrino II0WeVr'l. will oeclll' the IwutrilJo 
C'videllce of wOllk] establish 

has bCC'1l describc'd in detail in 

hellf-liff' COllW from Ge detector 
.9x i'1i1 effective 

greater than about 400 meV on the choice of 
Iluclear matrix element. The oscillatioll however. indicatl' that at least. one 
of the neutrino mass meV. In the inverted 

is greater than 
to be sensitive sllch 

or betteL 

2. The 
of MAJOR.'\N A is to lmild 

of will be enriched 8b(/~. to 
module is referred to as tire DEII10NSTRATOR. The 
for this first an' to: 

(i) 

Demollstrate or below 
of interest CCilI be achieved that wouJd 

detector. 

t.est the recent 
around 400 me V. 

t.o observe Hnd 

DEl:v!O'\STRATOR 'will 
located 

of Clll observatioll of ill ill the 

modules, 
Tlw 

differellCE'S, enriched material 
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Figure 1. The left figure show!; the sensitivit.y of t.he MA.)ORA N A DEMON STRATOR 

module as a fUIIction of time "nd indicates the range of values indic.at.ed by a recput. 
controversial claim[12]. The right figure shows the sensitivity of a 1-ton cxperimC'llt as a 
fUllction of exposure for 3 different. background levels. NOI c the fitcr.or of 1000 differellce 
in the scales of the t.wo panels. The lTI iltr ix eieillcilts llsed are frolll Ref. [13] 

Tlw goa.l of the proposed tdAJORANA DEiVlO NSTRATOR is t.he const.ruction of all 
illst.rnmcnt. that providcs sufficicllt sensitivity to test. the recen t. claim , t.hat a llows a 
path forward to achieving a backgroulld level below 1 count/tolllle-year in t.he 4-keV 
rpgion of ill ten'st., and is scalable towards a large-sca le inst.nlIlIellt. \,Ve plan a lllodule 
consisting of three cryostatI' each contailling about 20 kg of HPG e detectors. Olle module 
will consist. of 14 n-ty pe segmented-contact (N-SC) HPGe detectors , wlIile the other two 
modules will each consist of 28 sma ller p-type point-coIltact (P-PC) HPGe detectors 
wit.hout ~eglllent ation. Approximately 40 of the P-PC cktectors will be built of ~30 kg 
of ellriched 7GGe material. Employing these two complement,,!,y detector configurat ioIls 
allow~ llS to evaluate itlld cOlllpare the two 1ll0;;t promising implelllentations under the 
realistic conditions of an ultra-low Imckgmllnd experiment.. Tflf) lIlulti-cryosLat approach 
allows IlS to optimize each individua l implelIlentation , providing a fast deployl1lent with 
miniIllum interference with already operational cirt,cc:t.ors . In addition, it allows us 
to separate bot.h configurations in t.he dat.a analys is. The proposed COil fi guration is 
illustrateel in Figure 2. Our init.ial emphasis will be on the first cryostat assembled wit.h 
llatural-Ge P-PC cletec:t.ors . 

The efficient COllllll0fciai production of Ge detectors depends strongly on the yields for 
producing high-purity sing le crystals of Ge anel for proelllcillg JHI junction diodes from 
these CTystals. Single-crystal boules naturally favor right circular cyl indrica l geometries, 
making coaxial detectors t.he natural choice t.o efficiently use the precious enriched Ge 
mate rial. To millimize t.he passivated surface area alld maximize the s<'llsitive volume, 
coaxiid detec tors arc typically fashioned in so-called dosed-end geometries with Ct bore 
hole extending ~80o/t. a.lollg the detector itxis. This borE' hole, with a central electrode, 
is necessa ry to produce sufficient ly high electr ic: field s to achieve not only depletion 
t.hrollghout the crystal but also high drift velocity of the charge citrriers to minimize 



Figure 2. Ldt: Se i llp of ]l[()jl()~ed !\L\.JOTlANA D ~ IONSTTlATO!1, The ('[',Yostat ,.; will be 
hl1ilt, of Ill t 1' ,1 pltfl' ell 'drofol'llled ('Ojl[H-'l'. The illller p ()Ssin' shield will ,dsn 1)(' (,(l!l~t rl ll'll'd 

()f c1cd w ti »"[lll ,d ('oPI)(' r sl lHoullded by 11"l(1. which itself is SllIT()l l llded by illl ,lcrin' 

Illll()ll vdtl (\lld 1!( ' lltWll 1Il0lkJ',I('.Or. \Iidd le: A cOllceptllal d ('sig ll of a J:dD ddl '('lor 

,-ll' rattgl' IllPnt of Gp c]Ptc 'd,ol' s Illollnted ill Olle CIT()Stil l , f ~ !l\'i si()lled H."i a bllild ing billek for 

H t.ol1ll( '-sl'1dc' c'x)ll'ri rt 1t'llt, ll ig ll t : A COlJ('I'p t lled elc'sig ll of" two , T-SC d d c'c'tm string, 

('harg e tJ'appillg dreds , 

Prev i()1ls-gc lwl'(ltiull O/J ,j iJ dl'l'ay s l 'Cl relll's ill IGGI' fa vored dcl'l'cion, lIta<ie of p-ty pl' 

llIal c'l'iHI prilll'Llil v bC(,<L1LSC r-tvpe n},st His ('1\11 be ~ro\v ll ilIOn' dfi ,ic'll t.i v 10 la rger 

dil!lI'IlSillllS tlULIl ll-tYPI~ <:r,V:-<tab , III ,vlrlitiull, wi l l! IHype ddl 'c,tOls ll'Hppillg l'ffl 'l'l s ; m ' 

rcd Il(:cd , a lld gC' IIl'l' ally slight ly lwt (1'1' ('Iwrhv l'CS(l llltiu ll is ubi ailwel, P-ty p e cl l'l c'clors 

a rc typiGdly fabri('alpd with a p+ B-illlpln nIed ('out act Oil t,lH' illlle r bore' hole alld ,UI 

Il+ Li-di~[lIsccl cOll tact (lll Ihl ' uutside: c:kctrudc t.o ubt aill <'f'fic-ic ll l- and full dl'p ict io ll 

frolll the oillsi<le, \\' itik thl' illsidl' B ('(m tac-i is vcry tlIill (lypi('cdly < 1 !1ll1) the Li­

cliffllsl'd l'OlltH l't is typically more l' h(,11 lOll !/.Ill thick allcl C,lII ])(' Ilj) to 1 IIlIll or Ilion' 
dq)('wlillg OIl til(' fabrica ! iOIl PI'lJ('(''';s ilnd UlIY slIbsl ~lJUCllt aIlIll' i:tlillg or prolllllgcd storag e 

nl' roOIIl t e mpera! IIl('S _ The t hi(' kIU-~sS of t 1[(' oll ls icle-Li cOlli i'l l'l pr()\'id('~ ;--Ill advallta g e 

"illce this clpa cl laYI' r allsorbs alplli-l-parl'ic]I ' radi a l"ioll frolll slIrfnc(' cUlltc\lllinClt,ioll thai 

Iliay o t iterwise gc'w'I'a tl' bcl<'kg rollild for i l' Gc OVI) :-J dl 'cay, 

\\'itill ' th( ' [lll1s('-shapt! uhta illeci Rt thc' ('( ' llt,rHI l'olli a d ill ('uRxial dC'I'C'l'f'll l'» [14] ('nn 
pruvide radial sCjl()J' il tiulI of lllldtiJ>I(~ illLcradiolls ill fllly illlph'IllCIlL l li()[I , pul »('-slwpl's 

()bl a illed ill :-;cg lllC'lIted detcct()rs[ l G, Hi] provide iUl))J'(J\'cd s(,>l1si th' itv ill t it (' radial 

sc 'p a.ra rioll and, 1l10H' ilrl].)()rt;-!Jlt.l,Y, ill ('omplclIl(' I11 at'y dircctions a s wl'll. A itig li-c!(' ,u; n '(, 

of :-;1'glIlcll tllr ioll, "lIc'li as H Gxo-fold "q.(rtl( '1I1al ion, l'Imul(,,; t ll( ' full J'l 'coll s t rudioll ()f 
1 -ray it It.(' lrlC I' iOlls wilhill t 11(' d etl'l't on.; , .: n ET I 'A iIi p fl. rt iClilm has provided very 
Plll'oumg iIlg <Illaly :-;( '" I ha t CVC' !1t~ l',111 ])(' ['('colls ITIJ('I('d wit h (I pos il iou uUCl'rl ;Jimy of 

~:2 llll ll [17], Ev(~ 1I withou t. ttb~ol ll t r- e vc 'I11 V('l'tex n 'l'o ll:-; t ructiol!, l'Vl'Urs with TIlultiple 

l'llel'~,\' d('j)ositiolls cau Lw iden t.ific'd a ud rejcC'1 (,d, Pu,lilIlinary re~IIlI" from GRET ll\ A 
alld otiler highly-s('i--(nlc lI t. l'cl l-IPGc ,I,nays illcliccl\ e ! hnt, a !J1 in illlll!ll sC~ jJ <-ll'clti()1I ()f -l 1l11I1 

will be Cll'liil ' vClull' , However, tll(':-«' Cl.d V' IIl('(~d capil lJi li t il's l'UlllC at, the price ()f Cl 



3. Closed-E'ud coaxial p-tYPt' Cc tktector 
derpcror IS 

thE' f!lrcl rouies 

exhibited poor el1prgy resolution 
This ill t.lIl'll r('sults ill eUl rang(' of drift aud 

electric the arrived of the clond at the ('utrcd e1{'ctrode 
illustrat.es the I>-type 

conveutionaL dosed-clld cOHxiccl detector 
P-PC dc't(dor delllollstratni 

t.o llot{' tlmt increHsing ('.g. 

electric field in the detector 
the PITSPIH'C' of spal'e clue to an 
is abk the electric field 

in contrast to the 
Instrumellted with 

in a 
the radial cliuLPnsion of these 

Ihe del ('('lor facE'S. \Vithour. all impurity 

wCHk that. the d!'l,'do, 
It. is 

COH(,C'lltratioll and 
hrs! attempt to nmke 

P-PC ddector wit II CL flat ('O!lcentratiou failed. The dctn'[or r('sitited 



COIH'C'llt,mtioH bCtW('('ll f he 
collaboration has 

P-PC detectors froll! variOlis vendor", 
t.he detect,or mOlmts aud 

!'llvisioned for a tOllllP-scnle 1IIOdulitl' 

difh:rellt detrctor i,e, tIl(' N-SC and P-
rhe ,lllcchanical (,()!llPOIIC'l1t withil1 the 

How('ver, thc overall di1ll811sions aue! wall thkkllCSS('S cau 
will contain abon[, of GC' (kt<'<'lors, Uur refercllce 

with il thick cold ilt the top froU! which the dC't('ctors A 
thermal "haud mounted to the cold radiative for the det.ector 

etllel UWlmnl shroud will be fHbricatecl Uirrd-
electrofol'llled copper to eliminate allY COllccm aiJout 
Tlw shidds til(' frOlll 

mechanical and th icklless 
of tiw>,!' cOUlponents ill the DEMONS lHATOR. with (,he llpper limit 
set considerat iOlls of til(' copper cmd lllaterial 

TIll' ciet.ectol mounts for each will the !lUlu!>e!' 
of cnhks alld \Vhik and n'adollt fol' til(' C'f'lltmi chamwl 
in til(' N-SC iOll will be similar to the [,-PC all electronics 
compow'lIts for the signals will be located our,sick th(' 

to minimize radioadilT in the detectors, is 
the baud wid t h for t he to 

I'edu('('s 

aud 

all HdditiOlml out.er ,,('glllC'I1t of 
ill Hll HdditiollCtl tlHc'lTll(li I.Hlrdell to the and h1ll'd(,tl to the 

detectors. for P-PC detectors of 7 
of he two cryosl.ats, each P-PC cryostat will have 140 

In C()nt,nl~!, a cryostat. wit.h .\!-SC detectors 
7 will h(lV{' 



III both the detectors will 1ll0l1llt.ed ilia 
shown in 
('opper "lid", a ropper support, 
Each individual detector is mounted in 

of individual detectors 
The assemhled detector 

lid sit,; 
dismollnt individual ciekctor 

slit in the 

This reference 
and low-rnass Eiupport trays or standoffs, 

st'pan-tte frame built of c1ectrofonned en that 
i{lld 

front-end 
mOlluted to read our, drp central contact. For 

will also be mouuted above the lid, The lid SOlllE' 

tllE':w components anel and allows 1 he bandwidth to 
be mnxilllized the ccntral contact FETs near the The 
front-end and the outer eOlltact leads i{re routed out of 

The i\IAJORANA D8C\lONSTBATOR will be' 
shield and active lllllon 

Tray 
bp contained 
this bulk 
be 

enclosure will 
Outside 

some of which will 
intended to reduce the lleutron flux, 

active anti-coincidence detectors will the entire shield, The 
l'vlAJORAN A collaboration tire DE\IONSTRATOR 

Sanford 
The 

definos 

to fcchlce 

nature of 
different hard warc 

of 

for 
simulation based on 

for simulations of 
the 

constants. event generators, etc, that 
a unified framework for 

output schemes ill rill effort 



3. Conclusion 
The i\IAJOrrA2"A eollaboratioll R&D 

based on enriched 
that is constructed from ultra 

cl 1 ~ tOllli(' 

be housed ill a 
matt'rials. Tht' cryostats 

and 
will be low 

This conferellce was t.o cE'lebrat,c tIl(' of Frank EtoJ'n' 
Fiorini and Ppter Hos('ll, The {'Iltire of research from ehp 
and stOlied efforts of Frank and I admire their scientific this 
time celebrate their careers, The contributiolls to this field Peter Rosen are also 
paramollnt. It if; wit h but w1t,h snduess that 
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The author wishes to the cOlltriblltiol1s of t,he MAJORANA Collaboration. 
Our efforts have benefitted from a dose with GEHDA collabomtion. 

of this waf; Directed 

References 
y 

2005 Ph:ys, 94 08180[ 
Vogc'l P 2002 Ann 52 115 
Engd J 2004 J. Pilys Ph,lIs, 30 R 18:l 

2004 Phys. Atom. 
1. Phys. SOl .lap, 74 

AvignorlC' F T III, King III Zdf'SC'nko Y 2005 New Journal of 7 
Avignonp Ill, Elliott S and Engel 2008 Mod. Ph 'i/8 , 80481 (Prcp!'ml arXiv 0708 1033) 
Daudis L eI al, 1999 Ph.ijs, Hpj}, 83 1 

C E el at. (ICEX) 2002 Pflijs. Rev D, 65 092007 
Klapdor~Klcingrotl18us H V and Krivoslleina r V 200() MOIL Lelt, 21 
Rodin V A. A, F and Vogel P 200IJ Nu.c/, Pity". A 766107 erratllm arXiv:0706.4:304 
Aalseth C E, AvigllOH(' , Brodzirlski n Mile,)' H S and Reeves J H 199/') Rrldioo.rwl, Naet 

Chern. 233 lID 
Elliott Cchrnan V, I\, ,,[pi and Young A LOOG Nucl. Ins/rum, and Meth, A 588 ::;04 
Abc I eI ai 20()G (Preprint nucl-ex/0701005) 
V"tin K (11.2000 'y/Jr:!ear h,s/rumeni" and l,fe/hod" 14 

Luk" P, COlliding ,"ladckn Nand Pcbl R 1')!-;<) 

p, J and Tencb 0 2007 JCAP 09 00') 
~[, p, \Vilkersou J and \Vo\lters .J 20(H 

ResuLich A 389 81-86 
f1l.!<J.Tl,'rrJ.CJ),f.< and Melhods in Physics A 506 

'2GOJO:l 
Allison J rl aL 200G IEEE 071 53 

rei a/ (GEI1DA) 2004 U'reprint LNGS Lor 35/04; hep-ex/0404039) 


