| e
It NTERNATIONAL ATOMIOC ENEHGOGY AGENOT illill

UNITED NATIONS EDUCATIONAL, BOTENTIFIO AND OULTURAL ORGANLZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS
B4100 TRIESTE (TALY) -

0.0, 880 - MIRAMARE - BTRADA QOSTIERA L1 - TRLAEPHONR: 38401
OANLE: CENTRATOM - TELEX 400804 - 1

H4 . SMR 346/ 33

SCHOOL ON
NON-ACCELERATOR PHYSICS
25 April - 6 May 1988

MAGNETIC MONOPOLE PHYSICS
AND EXPERIMENTS

by
James Stons
University of Boston

U.5.A.



MO\ﬂ"e-kicf Monopole_
Phystes  and  Experments

J. Stone
TCTP Scheel om NowiAccelentor Pl\y,,‘.,
lf’fpw:l-m..'.l 19638

o Pr‘osran

eackjroum] q‘.J H?a+of47_
GQhs Mmodivation

Hs-lmplsasmi Flax Limeds

De“‘ec‘l-l'ov\ _re;lu\i?ue, auwl Ex per:uneu+5

H-cce(end-ors *
I-\Juc.'l ‘om,

Cq'hl;grs ot Nucleon OQCN»J_

Tracle B4l

Shatle Mmaths, Senrches *

Lonizatinn / Excifation,
MAcrRo



gy

Eled"r?ctif A-AJ majne“‘l‘s-n pr:o'i"' -l-;-‘IGGS'"' '
Electric Ckm-aes were Po'm'!- rm-k:.lcs with & and @
Covlombs Low: F=-l_ R.Q, v
WTeo e -
-repnls?u ond attradtive depeuJ-’ns on Q.
-~ Conservetive fune = Poline Sield E:_E_ =-VV

VA 1/
Electvic Freld Liaes: 4%4 N ¥ 'E- €
Joc iselated r.l\m’n /’GT\ 3 |

Sink

Source
LLeY

Elecdvte Cuccents are metiag cleres'- Iz &
t

Gauss' Low: § E*J? = eernd,.cl caledate "'E" Seom
:“l.:: by Curfuce chame distrbution
<

Current dewrily 5 resndily/eonductioily of madeals 3 Ohm's Losws
= Eled-rfq'{y

Motjuc'him Knoww sevevel L...Jnl ygars earliey,
Cerlain matertals choved natucal maguefism

- Mognetle | Tran, Co, N, 64, 02 P“er--.-h | -
NN W s weve dipdes | e >
&(C@Di m';:u:: ‘:’:\Scs ‘ JOANCARTIER 2 /f : |
A ) seen ! ‘ | B




Oefs‘l'?‘ﬁ Eﬁpﬁmfﬂ*—: R“+ ¢ m“*:m bej‘w&s T“onhﬂg Cadﬂkn“&n\ .
‘\“ \ Hy ad | netism, T
e J— Bd.T electeily mognetis Magvell obsened o Jtuu{--uﬂr .,.4!.\ c..,fo...l-a
AN @ R
A, Cm'n - ‘_....-:- ry
"‘:I:I*.“" ) =l C
Lenag Stmidht wiee 5
Ampe«- Law: §8 J‘ _/“° .‘l ; 2: : CLQ-Q E- #reu in Caf».q'lw as cl\.-}e defm.ka
%‘d by path el = d"f"“hﬁd' Carrent : Chaugig electrte field ( %!-)
2 meagured i 924 Produced a Mﬂuc'li‘c Lield.
Fam&\y : If currents produce mmau'hc. Sields, do maqnetic Al elements £o the 1= unification 'Hseon}_
o Hells produe curreds? Elcc'\‘mw\naud?sm ~ Maywells E-jl;a":?ons :
S S V.0 - = R
by | . w¥ nuh,ﬁ T, €oMe
Yhow lesp ;:% Z [?_, p ..-f“. m:(»h) Progagation of, Em rediation
- \ in- %%}? e Ly spearh relakisty
_ -“Vy¥e -1 ..a_B_ (ne. netic Cu d’)
Fardugs Lav: €t = —nd - Syl Form of Masuelly Eguctions (169, Heusisd
) . ml = -n §. F[uwzﬁ: SB.Jn - NCOJ 4 "\G‘RJ‘ Maﬂhe‘ll‘c Mor.(lg
di V.0= “mp .
T, . — —n
dued ent . Vire Caused eledwms 4 . V:B =4we , G 2 manople charye dewsily .'
Ohi't Lo = Tuduced v xi-L20 . gy ‘
o9 Current, -V xH c.&--_c_q }
—?KE-}.@_E = YT

| L =5t = , 59. Myw‘n‘c. cuawant Jenci'l/
| lefd haud rule (ij:. C."\‘.(’ﬁ il parily)
— s .

- L~

o



Hewce, mgnofalcs sémme¥nu5 Muel‘.L.E?u{?mg .

193] Gime intrmbeel veckor potewdial  Bs FxA In
order +» cCaledlale the “Coulowmb™ Lietd

ot o
Mown, o‘c
¥ A+ o Txi 1840, ¢ Hhaeigd)
T r(F-ra)
i e | .
G278 9;
_r";

But tn Maguells e;u.{tm v B .4 (TxA) = = ¢ I
% +l\¢@ Cawm, be_ Ne Maohe"“ Cll\..'a.e "\ m."ﬂdcaﬁ
‘{‘O "M‘\w\ i we  laend ""‘kd’ 3 V'l “

Also (thee T8 a Jhﬁamc Tn A (2 f'""" “"'3 :"’
= Orfs'w\ n't the Otvae String ¢

1‘-'!" ﬂﬂt\j "H\Qo.;??

Hﬂ“l all ¥|u.'t whah o

Jm“es on the mjnd-h'-
C-‘\N‘,e . returny o it A|¢1 the Dirae 3“"\-»,

‘e {-‘\en () e Mono'hc C.t\-:’e as o ame'

- -

In SP-“C of the dig‘\c&\‘\'lﬂ D.ms ‘Y'Gfmq.‘ﬂ.“u»
tatkiated menomle pkustcs. o

PP L e ]

N?ce Feakm: - Miaimam Menopb\t dau’c = (_l_?)e =-C)_

= Stang en sl & charqe resenbles a tube of

%un'h!ﬂl flax ia o Swperconductor
m:,n:klc 2 A flugons = ﬂ.ﬁ s _L\Qj-_ .
= intvodaced o deliatle re\c:l--‘usl‘:p between electnc-
omd maahe“'?c charges

Dime Quantitation Gudition : €9

By Mr’or"'an"" Causezuemes :

) majne"?c I‘huopv'es Carry very la(gz dun,e
9 = 68.5¢ (smallest value)

2) The exnstewe o a Gma\e W\ajhd'!c.
C'»Arge o€ thiy n\qon:klc Could
actount for the guantitation of

electrie Ckﬁvne in Unids of e,

*

Oimc. Savc no prechc\-?o-\ oc +|»\e Monopolc M«IJ

?.tp?ﬁmeu*i

reag



DI T s

Accelerstor Searches for Oirac

Mono‘»\es

Hypo”\esis :

L
Pmduced ow mass

by reoctions
PrP=>prpeg+g
Pl—P —5 3 +5

et e -
> 9t9

Monopoks are
Such as ,

- re|a-‘-iuts-‘-?¢
- hi‘j\‘\n i'uv\'-ﬁnﬁ

Geneml Exper'men{a( Techn: ues *
I. Surroumd 3 .

in+er s::.{'n'ov\ re

MJ/Q( kqp'}m\ % H ‘S,

Heavily i it Y

io« :_Ee Iovl\%n rela"'lui‘s'l-?c MonoPo'Q; lecwc de{e&s
n pqs-h‘c. skeds w‘\i‘cl\ Can he de'\'@c‘l‘QJ
by C.l"teM'l'CQI e""cl\inj,

II. ExPose 'Ferfbmo.jnfi‘?c
to a _E:db“ beam in heq
would § P amd beume +ra
ovad pqsa ‘H\ru Super_undwl-:.
to  intense Palsed

9 ims  with CRaa

Collectars (e,_ W-Fe pouder)

w du“p where menopoleg

Pfiecl . Remoue. Co“ec"‘ors
coils oy O«f’oSe them

MAJne'l'Tc fields to actract +he !
WIonopo‘Os awd Qccg(em‘{t "'lte-n +hra nuclear emul‘if'NS.

La- : ‘

( Min, i n I-?_-i-\j W!'i‘c.‘.es be’; @ e ]\\‘.

Sﬂmm‘acy o": Acce'em“'o'r" Resul-hr- '

No W\onoP’lC& were found | 2, limids were set

own Pfocluc"‘?m\ Cross ~ Sectien s, Mduoka CLM'gﬂ.'t‘mass

Liwcd from SPS pp callider (not shown)  extends
wp 4o fhgno‘:b\c_ mMasn = S0 Ged |

8™ vy Ty T .
Panny” ]
» o -
] 1 ul 1 '.!!.1‘.--"‘—- 154 0 4
.1' n - B . 1 F—
1
e 1
e o = —
e M;{‘jm = Rdare Searle.
:.........'.!'..."'l'! - - A e e g e W= g
.*.w&f&su—haa—u*%
Shamypota Moss (8av) S Lep
FoAL pp
$sc

- e -

Y ~E . Ll o

L1 W 0w e BN 8 Ty

Ry Ty T ~ W~y e —— . - et



-, " Ehrenhaft Momople

“All the News Th
Fit to Print.”

at’s

NEWE INOER, FASE 45, THH DETION

Ehe New Hor

Coppvighi, Ml by The New Torh Tiams Cummpuivy, ]

Tines.

. Tavs. ”n ; !9'{"‘,

e

mmpersturs taday:

Witk litthe shaagy s

TVempuostamrn Tovtmpdey—len. .
[T asu'.. ML ¢ gt n.-‘*":

Boctiuu‘

[

EDITION

freah winds.

VOL. XCHI...Ne. MWy

WALLACE TELLS 3
VICTORY AIY ALOYS

GUIDES PRESIDEN

Statemenl at Packey Hers
Censtrued as Apology for
Labor-Draft Proposal

STIRRING DISCORD SI:ORED‘ .

¥ice Prenident Attacks "Some’

Wil o Soomd-Tn Benar, *
Poasieifan, New Tora M. ¥,

" NEW YORK, SUNDAY, JANUARY I8 9%,

by Jha gt
and Susn Smsiees.

ey Pub Gy wad Sstaves dnm iy St

Proof Offered cf Existence
Of Pure Magnetic Current

Discovery by Prof. Felix Ehrenhalt, if Cond
firmed, Expected to Rank With Faraday
Finding of Dyname Principle

the Masl eccupatim of Austria,
¥ y ‘efore

American Piysiosl Sectety. mest-
ing aL ColyoaSia Unbrersily. ¢ ot
of i latayt eporimemis, carvied
"t U4 bk laborsiory in New Tork,

=

of Nt resutis, wenld men m‘tm DEPARTMENT INIFTS

STETTINIUS ASKS -
FULL COOPERATYON
WITH SOVIET RUSSIA

i Grewdcast He Cafls Any
Other Course in War or Pance
Tragic Blwndering’

ar-Regching Plans of Mesr.

Foe Reports 2 Russian
Push in the Leningrad-
Lake Hmen Sector

- ——

Susiress Men, Lavds Diherg {whien n.-nu::o- Tor Une first| doubte tee poarebiNitios ror wutiding | ganization Are Annownosd
—Farm Lobby Oisowned |17 “oPermemcs ot o o erory -
? ¢ of pure t.{ chine mew 18 yEIMonce we ol b ¥y Sacretary HR
’ . Thie meane, ht deciared 1hat “net[obls 10 Sl & Buclins wilftting
only vieciric CHPIR Pt slos|magnethe ialead of  elecirie]
Te ters o Mr. Wollser's i e fow gh] correnl.
wid7 oo APty on Payr 44 ihe tmiverse.” Hitherts U wcwpt of vivetrs Tent of the Stute Departmant
™ p U of the expurt Nas been bumed ey o]l "N PTOITET b am Pepe M.
tnder Whe amprius of an #pf MeNtA flhantreted with [ - [

. sliden, created o Smastion -t v 15 Pou Tpw Tma T,
ey i by e ol prevent :::.’“ e hat $wetion but m"“'"""“u"' Jen 13—Asy-
Waders sl n lunchiun wesmn of tha THTY 50 that I Uke anperiments!ne metion. asd Wat smly vhertricity) BE ey than complels covmme.
FI Pentwal Astinn Commitios o 7rorribed by ¥ En o weve,  Prov [ oVt Tith Saviet Rumsa siter twfe

-« Forn feniral Hote! yesterday,
N ors Proselent Henry A, Waltacd
#erarted fram W prepired iexd
# e whal wis conpirued ag
&= ape, @ or “srplassten” lor
Torsest Ranarcel's labor drafy

Prdoksl AnS SUw rerent schiong

rould S corTobowited by wthery
they would rark ons of U gTeat-
et revelylions i medern Sclvees.
te b raaked with the diseriry of
Uhe principie of the dyname by Bi-ijus s dees sleciricity.

“foaid Bowerd B Butinive Jr. Us-

dor-Secrvinry of Btats, dureg w
o the

Pisce on Vinnitea Frent a8
Med Army Nelda Firm

— — ——

By The Uwted P

it Uwepn huried Wtk pewertwl
ks sa Ltwe

[hour's vroes

chae! Farsaay 113 yramw age.

octars of U front sevih of Wiev

L]
“The Bate De-

Just o FaradsY? discovery]
maried Uy wnhartng = of the agw

1=t nave nel Sren le U Mking -‘
e 40

Mary 1epge ' e detinred.
S MK wa e ol ue have wel been
#hr n canersinnd. bave Bren pa.
Pogg 8 8¢ 1 tand IRad the Prow.
J S miemnr hon Nl oR l!l-l
fue thimge eminnmg the war anl
Ik pener 1o e esclueen of I-,'-[

LI SN .
Mr Wadaer 1o N prepared ad-
£oae ped Jael sand el LAreugh

[ B TP TR l.-—nvu!
B (o mching lo mbir wp
wn IR RAR (rant --"ShE demme of
hem ~a1e hern slaniersgs ~Lhe
1'reermmsy “has Kepl hoe oyr o0 Just
e s ine - how Bedl te WIR SR
A s nmpiels vriery, ew
Wt Ty BUINI & RCUPE Pedte
wired ot Vientinn nf Prooidemt
Yrespuin Ire (a1t thRt a goed part
Ve Wauers 8 apwerh was filied
wi'h Ihe Mighest prisse of  Une
Preotowt” tre Ris Wadrrshits wn
Wi tor wmar and hemw frovis,
The 1')e0 londery present ol by Wi~
learr ol eveey relevemce (n L

LITRY

HORE COAL COING ‘DEMOCRATS HOVE
TOHE NORTREAST O KL P YOG

pirirment Speakp

T reperisd at ke Piate oot

that the R

| Participsling with Mr. v
Bhaw,  Amsutsnt

ats. and Rebert D, Murphy, Am-
asader ot 7 arge,

yours and | have mothing byl ag-

iekes Alse Requests West Yir-|City Organirations inspire a|
ginia Producers o Hold Me- | Move at Abany Along Twe
mainder for Emergencies Legisiative Lines

tivinl tn THR BYY Veus T,
WABNINGTON. Jan. 13— Harvid|

Teams! w Tan Wew Vsl Trems.
ALBANTY. Jan 13—The Dome-]

Fulnent and detsrmisstion of Chej
peupis of Ure Baviey Usion” Mr.
Bettinine deciared. . i
"L forl v Mase sreryihing e
yein and whing » jow frem &
continuing snd clape ChoRere tak|
atween the Beviet Union and the
Unitsd States both new and after
e wer. Anything clar woull

L. tekers, ol Fuela Addninistre-
tor. togev direcied Wigh velatlle

eraily purty of New
York CiIty meoved today to sbetish

a U rvant wory 0. Hoewind wpoted & sew offeibive W the
Secretary  of |Lesiagred and Laxe Dwen gress

™ O Hign

RAF BOMBERS
NEW SOYIET DR[YEE

PRIPET BAINS CONTINUE

Heavieat Fighling StiN Takimg

I.mmo' N. Sundny, Joa, 19—de-]

and pwept westward dctvem |

San Pietre Ridge av Amervicans Battle for
Mt. Trocchio-—Adriatic Area Quist

Sy MOTON BRACKES
W Wuvtnas w Tuw Few Touy T

33—Liaining |fram Uit prinwry objective. Po-
. Ured activity wes intvasent but the

i

|
|

imiined fwmiy e rredt

The pragrees of the Proark
the WPRET halt of (e F¥h Armv e
ammiuil fromt b all Bhe mere e,
when (e latest ofTieinl
W b stwiied. In offert. e
Prowch forsus. wiich inchaie M-
TUCERA gUREIOTE 4id Some AT

i
iy
K|

i
{

-

il
b
HHIINE

i

WIth ther A ricin frees apaand

spmmianiqud. bresdcssl from Ber.

"1 have worked glasely wilh Whelun. ssserted thal pewerful Red
Saviel officssle hetw for svor UuwelArmy forces had afiacked on e

long dermast Leningrad and Lake

for (v bravery, reesurce- |Linsan fremis. a8 well 28 uwnll"“::'

lor the

lvan than tragilc g}

iy War nad Peaee Rule

eoal praduesrs M UM wetheTh

In the voures of his nddrems Mr.

progertisanl rep - e
Weel Virginin fNieide te AU majer o g ¢ity C

orders from all-rall retald demlers ooucy_wem
1h the wirthes St mﬁ ane man ae-

maky 1the remainder availshie tofcussd of WHAS ols were clerted
hm for 8 the Councd of

1bere,

———
Wrs, thr Demeeratie lqlﬂlnl__“'-’".—"m

et L

i

secemive day, had boen

|Wurieg tuch wart of Vienttes 18 the

suthwesters Ulraing, where the
Negis wers Hghting 1 korp the
frus

Warenw W olime to

Arounced tentght By Secretary
Nall

e Drisper sand. The Wuletin
whew reporwd Tat Ut Namie nad

s gl S |

~Swt + —MIMA=Pure- . T TRy PURTPLEE OPVWIRER! “iatou

sighty-five suiles;

Cervars. 1w Freneh hare sow
PATVRS WL B FURER LaRarcien bran.
gl Witk 14 wpen vt Alfrdens abd
its buae Belwwrn Cervars and Con-
ark it
trom Alfedans and M Pulg frem
wach ottwr. The wessrn wie of
thia triangie » mienied W o
- AL ne m"ﬂﬂiﬂ'mﬂ wmbept st Virus

wure they las Uil three il Cwntionsd sn Pags Tovety s

Peru Charges a Revolt Plot

i3
841

i

Uy Tha sasbrated Proam

Iu‘.y that & sumber of mespirstors, ischmiing Germans and
Jupunese. plotting & Naw Yeur's pro-Nasi ssap, had beva detaimnd

nadl wonld be deported, while others had bven Nelified ts dwvs.

e

ithe sawetr. The Ouvacmment™— -— " - -

| ovLie v mtl-o-uu-l

By Germans and Japanese'

|Britisn Deliver Record

; Industrial Center

MOSOUITOR HIT AT DERLIR

Magdeteory Ao Attacked in

Double Fent—French Caast
Battered Night and Day

i L m e
By havTh AVRERANY
Seqenm w fom Eew fms Yo

, HONDON. Jen 15—i wwemg

Ay et off v DA gt

'w-nnm-hn-

Bronzeich, wwrent (rveas wes
hat W now e @ o Me~
whmitt fortorve 5 B afer ¥
Aflwk Jarl nght  In e e
af 1he arti 1Wentv-thote Wnwiey
‘M sRIeR Wad M1 WY 4 Svmineg
AHark mere intreap than any ped
whwted upon Hhe snemy

Flrmnng ~wer I Nty St 8
main of pessy buwievs of Us
Recal A Prave sotvaared o b
Aueniwr T o i

Al the peah of (herr ammaR I

SMASH BRUNSWICK,

DROP 2,240 TONS IN 23 MINUTES;
FRENCH IN 5TH ARMY TAKE TOWN )

Acquafondata and 3 Peaks {100 PLANES STRIEE
Captured in Advance in Italy.

- ————

s of hllh raplaB v ohd Puvae |

Wheres & minwts poured doew e
BRIl — o Thise s e
81 Fhal Qe (hevy foll mh LS Uove
"maa rHY PUERMRISRT TRt 8
||.~ wrewt shunrtsd by Lol w
ARy YRVRLY-Trew hiurs

AT Fortis Agus Page Pe
11 uus e wenply § T o Fage

1the And agiun o fordpt netthe
At Uhe e Aewr Braaswd v
bisstird shary oitarts weewe dalew
W o1 Breih and Magiriwry W
e Nying iyt Semdwre, vy

r--ﬁm B

ke~



'i‘ u*

i’

HL

ﬁ'

i

ﬁi

H Ilsi,i

et

AT
|

i, "

¢ﬁM?
n ﬂll

;:I Jlgi H

o
X qn ;l '

A il is) Hipyt

1 U.
: f‘i.‘ h ilh i

.1{. i
| :h ,imh. by bt

izlng

HE

I [
”,'H"':i ; J

i £
{ {
[ﬁ;flll

,§5_ il Hh ,,; i

e _q-_.-....,...-___ -

T i

su

-
-

M iH _‘_!J_
%;l["'i

f’ !}ah li’l—!‘,h

f i !‘;f::;z'f’ " *" E.:. !LH

P |

i

sl
n[ll'

F' l!:

u;,;;;mqf;;

ill]

+
¥ r—-'-l

ml:

=)
2
§'.
!, ' ;u I’rlh o rl,l
: ;;!{l ii’ﬁi iu!: Hilrih ! i ?c:' li.ﬂ liflei'i] ig; ;1{ L _]
g lf b ‘!’.! 5 ‘lﬁ i :4 i
el H‘ "’i i! ok H ;f i
il b il “l i f
-:hful il B J ]
il ?'ii” }‘i,’:!:;, §-=1 3 "l“"i" *’;m! H!
1‘,,::5§l';}§t‘§:£;ﬂl ' . g‘ !',i; !“!F
| -'5;55%,’;'?55"5553””L 5____.l - g 5 4 ! ’E:;’;l il !i“r,.;:;,.
L3 ;;li‘ﬁ”l%é ¥ ‘l if :l iz i ¥
ifia! '351 ‘f{:z’;l]”i ég ;1 i} , 4 }I it if! ,” i'i ngilp ’.]'
Wl ?” !’ ‘l]"a‘{ {;E s { l!rj Iiil | ii b ; ’ ,
st bt RIS ! Bt iy e il
2 9

b

ui:

g'c

;u RTHE n!g
i B
: -.I K
! ';!'!'!:g? "' ]ﬂ'ill'flﬁ |
e

rizh]e I ! i
it ’“‘5ﬁ4ﬂﬁ ﬁﬂk'i’ﬁﬂa ‘f I
il Mt

r.

OVNYON |

-.. -..,.“ nnl-n--h

—
-ﬂ
l-mnl-u
e T

vo.':vwi".'wrv vjosuy 4o Liﬂﬂ?ll

;!

HIRTH m,u l;

l
nlfl ;, ‘

:mf;

_jj"“a ey T UGS

m.ful]l';;}z'n
ill.,ltht[]l;; Il I’

I Sﬂlf
{.i
if !{: z.s !i h

M‘ﬂll-ﬁl

hh-—nunn
Lot —— Ml"l"‘ﬂ

ah’i;h"fi’ﬁi"

.....

—
———

'R
":--—-m M 118 TR
lm"*

lli ']H
..f! I

i’—','

i’i:

ARy ey Suteg

3 a‘-q.:-a-.: -—--r-xﬂan e

THANT  wnealom

I8 S wep papniiug wy

ONTYOYR DNGYLS

7] A:q dnoy » L] L
*"OPeoday gy (UGN 13Vl 209mpg

N YsapoBuog »

S YINISSIN pay

0014 2101y 204 SOH0R IVX U]
V ey wwguosg SN IS

T #2017 wog yoou,

NdLLTHOLN

SIHHIIW NOgSI Kipp

"x puﬂ UMOJI{JJ

;

| |

2|

SOUND N10ff mars of

645 8 A3N20Y Avores ‘NHOL MINn .

l.m

i

'
fei &
i 2
i 32
IR
' 3

|

[ ]
3
g. ? i
RN
¥ »e
HE =£1
A i
I
p

e



.1 ! l m uff

s ” :3!!1! ' ‘
li’”i 1"‘ i! ! q

1-d ’a

.:,m t mm

"l’!

ﬂﬂ ISIE

l cl{i
!e .'l L{?
“i ’;zl ff,;l

. "; punoj paaajag sp

l;?n;;:;w

HHUH!
i[lf,li

n mietbed ¢
:’lh' 'fv"
.v'l ' ]! IR

.[za;_:, ; H!! it

aod 3mg yn 4
appmd m;au?nn

"!il lf fl

,n T ,l: q”
,: ll[

!'liﬂs! ual IH#I .ld

lpl'ﬂllll] IS TE

;l‘i !}l l
'*”ﬁ“!i*i"li‘

Illl:‘) III;I'J!S uo 'l.’).l.)]).l(’ ]h‘-‘iJ‘

a\dwow

“--h-—nl—-u_-—“._
- T e -
vz - .

‘-.-.“-up
He—— g a—— -

I iﬁ:lf”ﬁl

' gl’l " l

!H ’W

, o & ;

T g @S Y Wy
Bt Ay 2oy samente: o) S we Sy
" .,

??{Jd "9

L J

B

350k uoy

L e I TN TN T Y IT T

» W ok
irwwi f“i
il

A_L_j [il

WO N e Sy

.-
']
.

Ni

e
" ey

‘[onuo’y ejoSuy
‘SoYe1ay] [eSnyio ] |

mQo S]s“r}uo!]eN '.i &

- R R
——y
e b e s




~ h

. N ur mnn.ijl" 'ﬁlﬂ {H] ’!f‘"lmllf"”’lllfailnl't',’""ﬂ""l”"""“’I’ 1}’“'!; Ju]il'llll' .t =
',m;:l il }:gi bl l"’ s-"l! i -ﬂ'f:,!""'? r“;nr';,l,!d- "'";'3;"': ; ,,'"','iﬁ,, il u.["i"ﬂ‘ :{5 Efifglgg
N tH ! Ull i IIEI[' i I'l ' ' ’n, 18
- ' " i 't'lhlt'aﬂ JH'.: ”l ::I,n ;l‘[[, I"lf ’[ﬂ’ "li!;!: ifil !‘um lh'.t’ll l!i;f!l :II.H: ,;fln;g #lﬁi&s gg'i__g__g
Lo
Epzsg o Y
,. ity
— iy -
!H“ Al [faf ;s It i
. '.’ ,ifjidi J”;l'} }]lliigl!;’;r &U? it
! fi'{ ll - AT .
;’ il .,,l; i |si!! u!f;,hf‘;g,;'f , @
li lh #i' h Nu I!! I iti {[” §_ .-ET ! © N
, fm;,f"tgii‘f{;"iﬁ'i»,fflmfﬂ e 11'&
. ',uwl i }fd hd; !i oIS
! i U IR
!um .‘i;.f !'i!; J.!i! it :',‘ S R=S
T e
| Q
=
| & 3
) e 2—-
_— )
' ;ff'f[!;;’ s
[iliz g
g

04

n g o gy
i ‘ ama e ny. ‘
Oy v

o RURENET(

0P Wy IXXYD

[Ny ——p———y

AVOERNAEM W04 MEN

- Bl W TNdv

¢

f'satm

T e 4, A gy,

. -y W)
T cudotnt vr oy 4 gy it 3y
4 v Wy i
g e -
[l Y
[

. 's.mu:m' .
-t

A LTI

" I Aepn w—v

-

z";m' | bow



Tnterest jn Monopcle Pkﬂsk!." ‘as Wéaturel -51_
+he number ot pu.unkeJ papers v, year.

or:J;Ml section: Town Preskill ia  *monopoLe ‘g3 "
Updaled by : David Fryberser , suac-pus-3535

MAcRO?

i
<4

o
' o o

73 7 75 76 77 78 M 8 Bl A ©3 84 65 66 57 68 61

%ear

Tohn Peﬁk'.“ : " it i net certain that a.\mly has ever |

- S - e

90

seen one. Whot seems cectain (s thet Hobdr

has ever seen tw,,'

-

iy -

Grand Wnification Theories - renesed ™ theoreticol
awd arpevimental interest in monoFo|¢ phbsics.

|‘I?‘| Geﬂe'ﬁ‘ beb's b.a‘ ‘d HOO"* q.‘d Pg‘u.}odﬂov
9"“1 Hat Gm-l_ uni-&aina sema-siu‘:\c

non- Abelian 9ange group whreh breaks
down +o o UGy factor neceme:\-’_ Containg

maandk. monorn\es_
G — SUG) xSU@) xU Q)

TIn GuTs , the hunopo|e mass ig prec\rc'\‘el 4o
be on the ordes af the unifration Scale.

- eq. SU(S) My 10" GeV

| Sack Massioe monopoles Conm not be pmduecl at

““e'ﬂm%fs ’ bat Could ’
ear‘t,_ Univerce din haoe been Crenled in the

3m«l unified M,n.’:p!es Could sdill be avound
,' as o C’omfon?n"' ot CosSmic mdu‘a*i‘a\ or

Proper"\ies‘. M, ~ 10 GeV
ﬁ s lo".f-) ld'"
Ll':!‘v'ﬁu% pfueh'dl:n (enormgsr ®.g)
|3|d'l1 lO'\ia-inJ (oo Ue[w.:"lr)
Low Fluy (astmplysral Comstmints)
- -




Monopo\cs ma; of moa net «o..
- have eled'n‘c c\v\atje (daov\s)
—be attacked +o Pretens of nuclec

- Cod‘a\aie nacleon de
- Loem ﬂa houna Sh*ﬂ (mou"o‘on‘.‘au)

Detection of Mouoro\ﬂ :
- 5HPOf¢mM°|n3 induckion ¢oils +SQuiDs
o« Nurcleon decar detectors

ma.ﬂulh- d‘“ﬂ"

cda\-ash'
- io«'-édion /excilation
sciudillaters Clight yiell at low velpcifies)

qaseouy detectors ( !-le) (2eewman level Cras-:-\a)
track ~etel. matevials (mica, CR-39, LERaW)

-+m.pp‘m1 s old feromaqnetic matevials

- QCmS"k dehdl';tﬂ\ o d‘k* logs in me‘\‘a.\ |

- SM.Q." h.\l %QP &utgs

Siken
TR phosphors
Superconducting Colloids

Movimum ochievable Size of detectors:

-~ deﬁ‘JS On # G-\a k&knﬁzue uscl.

'-ﬂT Coud:on. GPQ",‘MO'C QQ' de*&_‘('or .\MF)("QN* due -

N h rawgyg .
o astwp gsical Comst :::“ o Fosthall Reld

N

Aﬁrop‘uéﬂm‘ Limi“‘s on m°noP6te &T\sl? and’ Flux

A bouad on the m.nor-bk Jensﬂr can be
obtained Hhat the Menopole mass

dem#; be less 4han or ezw.\ Yo +the crilia)
denc-‘!/ which aus‘F “eloses” +he unwerse.

/')C. ~ 2816 I/ewd
Then, i Mu ~ 10" GeV
-2\
pﬂ ,6 10 Monopﬂl‘!/cm3
The mcv\opolc Lluy Ccan be oblained £rm

B n% = A
B< (6% 6u07) 3

y

re t-\'cr'ma

@ < (2 x:o""‘)ﬁ emts e

For an Qveraq@ monepole uc\ou“‘y = !°-3°;*““
gives aw upper bound on the monepole Cluy,

§ & 246" Lty

— 1%

e

-



Monopole'ﬂm Limi+ based 6n saFviial of
the Goladic majehc Lield.

Par Ker Boén d E. farker
&¢kﬁ', T\uﬂ'f, B’J..\

Taterstellar Cields ¢ 2-SuG have been measured.
(Polaﬁ!ﬁ.tia\ e Shrlish{-) .
]

Genenlly, the $iell lines Sullow +he spical galachic. shonchure.
Fields are believed 4o be aenem"ta 51 a “dcdnmo" 1
oactisn due 4 +he diffesmittal retattom of +he

ﬁalan,,. Rcam{:?m time via +his mechanism
% v Axw0®yean,

monap.\es C:rcu\a.'l:'ia’_ in the 34(4\.1:41_ weull be
occelenmted 6nd draia Powter Lo, the mauhe"&. fiey,

Hss::na @ monogole magy Mp, a-lo“GeV
a h.Je-ScaJc mn,nchc "-"cll -~ 3},\6-
/

Packe, estimntes +he Mayinnm Monapele Lluy

% our galary Gougi
QMﬂ‘ble sv'q , *ﬁ" l-\\'-"‘\ m P.“.’.

t+he dynams effect 4o maiatain
a persisiend magnetic field of 3uG.

=I5
$ <6 Cts g™
Mu w16'® Gev . g
B ~3xie? Pocker Bouad” (s mass and veloc:ty
depeadand.

-~ Va-

MONOPOLE FLUX, Fry (cm~Zsr-'s™)

Powker rSoumA vs, MM

1072 —

—
o
L
[=]
i

107"

-—
o
L
"~
1}

1078¢

—

Q
F Y
:

1075

_ .
?:" [ et

10—5 i | | [ | 1 [
106 105 104 103 1927 o7
MONOPOLE VELOCITY, By

Figwe 1,




PRI

Monofo\e. Detedtion 57 'Ian.'\'l'on

Basie Technique

Mog. charge ?S“Pefconducllng ring

—fin < 20 0ess000e LT

g v
Detection

9, 990000 wmmie

@;SEE

coil shields

Must shield cotl and SQuig $rwm @ xiernol mognekic fields
Meisner €St W SC Ph AL Shicls

Detector S'l: erconducting

Nectel My .metal € sof Trow

Coil COV\FF um":i‘ms:
STmP\( ?OQPS
Futpied leo ps
quur 3m<|i\-mc,{'8rs

Tnduce persigtent

®Areo Sy rodius b Current Ta loop

2 '.c ‘h\kﬂS,!-un\

quuid S‘ev\ﬁ-l'u';'l:! 1 $Hleasensg

.
Chart
recorder

Shield: L
o loé\ﬁﬁdﬁeut:ls

1Y MAjne Yic Pole

Nonopb‘e' Passi-vj thea Surer-coulul:w;J_ooP

R,
Deta:) /\.
Qr o,

Css  ~mom e

8=¢

Sanne"t‘-\‘.d I'ﬂw{.udl Ez"-

— Y
_VKE—%%%: 1.!:3

Supe(c.-du“'-
Coil “1

As manofh‘e 0'15 C‘o&ff
12 loop , Lield lines
cem  defoemto ovo:d loop.

Meissner E£fet? Supovtondachr
refel moahehc Lields,

AT

( Carendk

\ 'T;'i; ha-d rale)

Bheuk Tadwed Cu
/ lﬁu—-._ LIS

T ““""“%’6”

2 ‘luipns

Morepele lonses bud loop  temaing with o residadd
Cuwed o waintoia flax +haF liakel Yo the Cb\‘-

AX = "E'\g

.'2_1_‘

Smail camants = SQuio regaired.

-

- E e

a—

——



T he Tnduction E*P*Mm""'

3+ L Ace. '
G'roup Loops A;Fc-n" ouec,. ﬁ;:“ ﬂﬂ‘anﬂemm+
m3
Stan fued ¥ durns 1event
I I zo to s?u\f‘l LQQP .Fels. ‘82
. 1 Cotue. o
andord [ 3 73 |dos wewrm | D.k _losps
I 136 Total o | 2 huras €ack
L8Mm 2 loo 2 5' HAMr'Gr«lf-mg‘tefs
I Cotnc. 4 em apart, parallel
EBM 6 , |2 5 ]_ooo p'nur Gﬁ"""ﬂd‘eﬂ
i Cobnc. Rectangular Box
“F-M 2. 2880 2100 _ Tunted loaps (macrame)
700 coine, | 214 con apart, Paralle|
3 turas
be 4. | 5o 25 S?mp‘e loop
|PMQ\ ' ' ¢3 CMlC +
lege 3 Goo | Seo 2 0
ANY 2 Yoo ? p'dmr Gm&-‘mdm

23 -

gl s e LT IO LT

T e e Mo ety e vt et e o e e @



\

!

h
4

uj) &
a o2 5
M g 2 2| o o m 2 3 .
S s Z[54%3
2| w — 3
< W dlax S|t g
— [1] o -
O >
g S|%i ¢
. i o} ol 5+ £
0 o ~ B~ 55 &
T} 3 ¥
! Ol 83
—@..__ ~— v r
. ol g @ o
w .
| : 2
a| @ H 5
Qg I a 5
9 & x 5 x
8 23 w 9
- 8 5 -
S : Zag
(8 e =g
el
: kR
L0
m._-ﬁ’%o‘. L lH D“.—-ﬁn..—-° ¢
Ofmn«cmn_ mcmsr _.._.ﬂ.....r. (982 | |
5 s__ : ISl mnrxm oh Lon_w’ =2 3...5010r 35* - 0.— X _Ol.on}..r?‘..__rl
5o _“
it NP iyl eyl g onin
o .al 14 Fobruary 1982
” 2 Y furn sodde = .
B RS g L
0 A s A b Srii

-2 |

-4 ] i 1 1 i A i
R 3 . [] ] 12 . ] ™ 1 2 2¢
TIME OF DAY (PST)

?%igsggig detection loop, one would &xpect an gy change in the fux through
University. # a singhe Dirac magnatic charge passes fhvough the  the superconducting Circult

Mg nh.....n".mnsnﬁ.
ﬁm—l ‘.B. Y _Nﬂ.m N-Owﬂu . _:D_...o«v._..o?v c:nnnsm_.nh.
- ’Hﬂ 'ﬂlmmm..!awh. mmu+ro\-r}\-tﬁ-1
Ne -:n:.._‘n\u: oF Th..?..:ﬂ._uu;u
whel, eelll e oMset.

R

- Y



Stanford -

70.5 cw
widewe Shicld  Aren -
HoS cwm™ -
Tohal

475.5 cm®

Loors

® Taghrumeouded with Mi‘krs:maﬂu%uk b
ﬂqe"mm&an_ﬂt ) Seund a‘am, ete, o

o High bandudel doh. acguisition,
$ov Cotacide.d Coculs.

' - g?ele\ (NIOnc) uito,

THREE DETECTION

AND
HORIZONTAL
CALIBRATION COI

* Event: AT >014.[ in 2

ot 3 ‘Oofs in Co‘-utéeuce

) pfer.rse ca‘,".km{?o-\ o“ ‘Mﬂo"o‘t
8?3m|- v Calibeation cail,

-

Detector-

Charactersdics

e Ultealow andsient

Lapanded Plb gl

e 3 a\"}Lbaav\ll ntobinm
|60F$ ,log...¢ ,1“’“1\!

T BTEN T SNy Grmaney
TR SRS




- - - S

s 2 %

3ot g 5 28
of 4588 : : 5
g zof % .ou¥

52 2338 m s 255
| 't 2 : mmmm
, go®
i & Er

= RN
w eSS £
w - -
o~ = iy
X ™~ m "]
<] °
¥ o u
L]
G5 :
230 :
] = Ll -
x O J
@ x o
— x m
y & 2
= 0

IBM-BNL 1.0 M2 FULLY COINCIDENT INDUCTION DETECTOR

=] 9™ ORDER GRADIOMETER PLATE @ 13.5 uH.

15 PLATES PER SIDE CONNECTED IN
PARALLEL TO AN IBM DC SQUID.

TOTAL SURFACE AREA
4,0 M*

620 M OF Pb-5n
SUPERCONDUCTING LINE

wam wlel

3o -

a4~

g e~ r— e ST = e [y - Cr———




. W3LSAS AY3IAOI3Y SVO ANV HITJINDIT oH =—
HNOH ¥3d SY3LIT 05 = NOILJWNSNOD *H Q3LVWI 1S3

SQINDS e82 = @1 X 9t

VYV WIO0L W 9°S0L = ,W9°'9 @ 540133130 91

» S2 X VIQ ,L SHVM3Q 91

SN0

AVYYV H0113313Q0 37104ONOW ING-WST

o

Chicags - FNpL- m; chigan * Detector

'-"L:‘ A Elechanics
Zn— -
1 e
by | e}
. Vutuuu\
-‘ Gert Accelemmeter
L j@wb?
Yatuum : / g ‘oops "
Sepanda s.. o)
Shiellg
Lead liued s Cnrde,,, Bren
Othe, Copper Shield

C‘\ﬁvru“'efi'sl-k,- . Coxl
. : s made of Shuudard pe. board vy
Oladed o lul.;;; PC. Boara witia

of Mamopole €3 wad by #h { .
g '~ Selensidy penetrabin
the PRk wo Cotly and sk:ekk.; e

-y - i



4 e o — e i T o -

-— =

M Cencepf

F

C-

= He RESEERVOIE

LN Mplinvair

o pRu——

AR ST
Im

.
(] b
exi.ertazum s~ v aiET

UPPER NTECTOR

Lok
mm M

. ITm®* CRYOSTAT AND
DETECTOR MODULE

Ele

TR TR e W T TR v S TV RAR R ‘”E‘!E’!ﬂ“’“? e

33~

Baed e

TEETT




9

| i -r'
Vi

Vi,

h [‘ !Jfl 'il i /i5S a5t I O
I .
H i
Y it Z
i ,,'/

THE DETECTOR IOSTALLED
IN THE FERMI INST\TOTE
ACCELERATOR, BuiLOwoG
at the Unicenily & C'm‘cxao

T

-

el

Summqry o" S.C, Induction Detect

or Kesults

F;I. £ .8 xtd‘"— CM-"SI"-‘S—‘

- 3b -

;

Ave. Areo, Flus Limit Etpe conali
EIPCI‘.lmCu{I over Tk Lioe,T.’u.e. 5‘;:6..'.- r.-:"'sr"c" :: :::.&J ll.‘d |
Stanford T [ 10 e[ 18] doge | 1410t l
" Staafed T | UM Y 2.4 ko™ 6?
Colne,
TeM T 25 165 5. ko™ 2.3
Coiag.
IsmIT lo:w T 3o’ .1
CEM oo | 22 69v10™ 21
ol -— — —
Tomperiel Clege | 300
Kebe Unfuen-"r s 4yt Q.Qxlb"g . o.%
Tohl = 97
X oﬁa}.-ﬂ 3"‘!#“!‘1‘:
P
.. GloIOO‘ F[ux L?w\c" . 907,(.!_.
r:n\ < |y XIO“"c.{lsr"‘s"
1468



10"

» Fm (cm-2sr-1s-)

MONGPOLE FLUX

Experimen‘l‘a\ Limits
based on

Monopole Cafa\ysis
of

Nucleon_ Decay

IMB CATALYSIS
Ac=0im

Dato from Nucleon Decay Experiments

« Truine - m&l'\ic:‘av\ - Brookhaven - ASA
MAY, 1984 q

. Kam?okq - :l'opq“

N T 07 107 4p * Soudan T ~ Minmescta
P
MONOPOLE VELOCITY, ﬁm . NHSEX - Mont B‘Gnc
Summary of nonopole flux Timits versus monopote velgcity. The solid .
curves are thg most restrictive experimental limits fru': each of the ®. L“ke Bq- k“[ - Usse
various techniques discussed in this paper. The broken curves ar¢
Vimite darivad from Actronhvsics e kO'Gf’ G°|J F;E'J - I.Vldl.d.

- 38~
-~ 3% -



Mc-ka-hd'l.?c MOnoPoltn-“Q‘H\y:?;.f | - T T
G'F- Nb\.c.leon Demy |

Sufiti“\ﬁwf lM.ouJ ne":l'& Mmafo'.es, ave O '
Natund Qmsczu&..:c. o G"\v\i Oeilied Theere:

Wik break. b @ UQ) Jange growp .

i '+ Heott (!1.19) P
Mmfu 10 Gey ’

\_yo. .lfv (UK

.mrnof'e-‘es N pmﬂm:lf 4 }‘.a).vcm?c. o

¢

rna.y " f.‘.o.".‘m!y-‘,}e, '

ho.ﬂaeg nuubef‘ U?D!f-f‘::'\ﬂ f‘f'h’-'.:"."‘-’:.

M + P,n —> M tet . mesons

. 0 .
(-.'p_ a_l. Ookc‘» ? 14-.;-_4_‘,‘-3, ( l1’rh\

Cfx.Lo.‘.ysr‘s Cuots, g—?:."'.?ons are. F"'—'-'l-?f-'lie J
4@ Le ~ .5‘!'2,:‘3 _i_f:’!‘-%{??ﬁs ( M?!,.:,ﬂ\rﬂ"v_\ .’

) I"’!P‘" °% My . [".u.'r Mo

ne
250 ..

SITTA

.39 -




Sie’ha‘ in o Peba oeca\/ Detector

IMB DETECTOR
2048 PM TUBES

——
— L

p
e - et TR T R] B O S5 (o £ ET?»“'{?!. g gl Byl g gl L @ Rl bty
3
2
2¢%52%) [ ' E“
( f / - 4 LXX
| 14 {
{ { I X398 8¢
: &I} 4
] ] r redl 4411
§i (211844
\l b by d XX
{ b 1 1 [ 1 294
3 p [ ¢ y h 4 3 &4 4
3 p { ! HTYe ¢ J»
" ) { b s M
]

)

i

J

oo

Gﬂh.cl

Ulna&cJ MQnoful [ 7‘( “J

in““&*hf .

P

I’aza:rel Sor multiple®

T i e -

T N YU T ke ke

Electronics Deadtime @

Most thm Jecar datectors ace live for
5-10 usec (Ion9 enough to observe p-mevd
following an event trigeer) and then are dead
for 3 -800 msec 4o read out He data.

“Teigacrs
3 Dc‘.td;ﬂ

&0 NO'!' Se?h

M

Momfo\ﬁ' ace S'ou LY (3"‘4, 10-3 .
I"', Lz3m ) Lz30m

Dtz lo  psec Ot > oo psec

‘RM3¢ of San aud A |i-¢kf‘ by deadtime.

IM B C‘e{'ecfw nom h;s e.led'ron?csl

f-‘ﬁ"'enhnﬂ +he "uCt'l'ne Sensihvi‘-y for l'nulkplﬂ
tateractions 4o O msec . (Rl‘nﬂ buffers ,ci‘t)



mbnopo‘e. Q\lnlyg‘g [ Hv. IM@ &'l:ec e
G ‘,lo \ P&-M—b M+e++Pfon5

r"'rrggers TI Time su!o. M |
X L. O Malkigle
- ‘

¢ Trigers T2 T‘““. Pro‘l‘uv\ %‘3

——— -

"&ﬁd— leaot:

o lower hackgmnd.
T +ime SCAlﬂ_ ep +o 75)43::_
S Look for Second wed T2.

R%cufe- NT2 3 50 1w 300ng Colacidence.
NT)] 230 in S0ns

Obsenes Y.7%03 Q&-'!S/Jat} w T

S‘Q'lt\ul tdl(”’ .n‘, muor @

© From +hMam vade of Q?-/secml "Jﬂmw)"\.
‘H‘\.E clelec',.‘or we Qﬁr&,(j‘ -l-l-\(_ PAAJOW\_ ..’

Cotmc:donce w&e T2 o 'aa--H/cL,,‘
No Cm\J J.i;_ Q,oe.:}s L\Q.U-Q, e found.

i .

(S«umn‘)
[ . S

r.)osS|‘ale . .

ene eoet ta A,

I
|

'
1
|

. ImB

E‘Ha -O

’ For et metons

-H-

F-r all m.)cs

™

'?"utl-ra"e

Event Rate :

Now = B *A -2 At - E(gmm.p., 206,

Fa =
A
L

monopole ‘ﬂlul

e effective cross-sectiona] aren o€ detector

SD“J analt =Y

Ot= detector Jise Lime

% €(3eon.,/3..,?a¢) = Q‘H:l'ﬁlnb, for El'?z i
ch.n.. > glemetrial cuts | Fidueial volame |, ebe.

efsn =D time Linkw & Aq“‘mto HS'-(O,‘;Q(,

e)\c =3 Proluk:lu'ly Lor =t ) 72 iahermctions

o otenr LiHL fime Window

*»* G""‘ﬂ LT -h-tjjer e-ﬂ’rmu-, of detectsr for
Vacrisas nucesn Jccoy matles.

Sy =8
64,,: ~ 067

9¢.|
€. Min <=M 13y

M*P - Mi etp°

Lt -

ions]

|




LR e

S0 gy

IMB 3oo0 Doays Live Time 1MB Monopele Catalysis Flug .Li"'ﬂ'

> L Ca“o‘yﬁs Ia"'cm*n‘o-\s

1078 ‘
g MULTIPLE INTERACTIONS |/ 7 "Surface *
= 107 90% C.L. UPPER LIMITS [} 17 “
- “ 90%CLUPPER UMITS 4
' 10710 MULTIPLE INTERACTIONS {22) 4] .
w N . 3
o Ac = 100m 10 2N :
5 1o - 0’4 L 30N 1
.,':’_, lg 1 . .
u.E -12 % ]
o 10 '“p E'o‘ -
= 3 £
= 1™ 3 1o -
3 ; g5
8 10‘14 ] 10 7
o = ER w
10 I , e - ParKer M...-'lb'. : &8 " S Q\@\
imt X0 —Ly L = E— \‘\‘332;\.(.
-16 we Wt Wt w07 w0 w0 %ss‘s\

MONOPOLE VELOCITY, B T2

Fa( )\(, — Im Fm £ 2-" *lo-'ccutt;'ﬁf-'

Foe M =odm Fm ¢ 20008 ittt

Packee Lip:lh Fe < 6X10~' it gMget | A ——
| . - o 46 -

16 35#_ o

Ls -



m:.s.sn«.x.o.ﬂ mxwm«.:.:n:.wo_ Limits

Omﬂn.n.moﬁ ._m......_.am Hr..u,”uuﬂoanw“ %ﬂmwunn;u Monopole Flux Limid mn.s.rmm...u..
: ops) | (méten) 8 =] Interaction | 22 Tnterackions
KGF S6l [ Arim - LRwp'3 —

: 56! Te2 16mb (B0 -_— 2x~"™

Seudan I | 285 [16™¢0g 1o* |Bm 160 — 1.5xip"!3

-~ -4 -13 —
313 e £ 1m B3 1o —_— 2.3 %10~
135 1 Ne1Fm  [15%5pasis —_— 2.0X10™'S
_Ab.sﬂox? " 0 <Pz
HZ m 300 A & [Om m:_w.«mrnnﬁ- — 2.4 u:Ol-ﬂ
300 [Mesdm w%pues|  — 2.4 k10"
_m,p_w_mL 50 |oezi15he| Bagis! — Fxig'®

Detector Porameters

! OmTAT (mue)
Material

Ave. Oma&s mm.

Mass Tota)
(townes) Fiducial

U_.s._m;m_.osm (m)
LAY EfS. Area (m)

- L1y Ave. fath Pmsut.,

(m)

Elect. Live ._.w.sn

(i 8€c

m.—.mn+. O@L .m.-:ﬂ

(m sec)

Soudan

T KGF [NUSEX |Kamioka| TMB
1800 }oco S200 | 2%0 1500
.Wmuuw% Iron | Tron | H0 H.0
.9 L5 3.8 .o l.o
31 4o 150 3000 | Qo000
b loo 100 fcoo0 | 3300
3x3x2 | yxine | (3.5)% [is.58x16 2307008
10 32. I8 220 5so0
.3 3.1 23 1oy 12.8
65 | 20 |50 | es 6.0
Bob 20 20 3.0 3.0

. Lg-

_Q" -



_rﬂlx.k E‘I'cl« Mec{o( Tc«.kn:z“e_. — __.- )

L !_ow ueloc:l] ) Massive fac‘hs‘es (i-ns‘ h\ono‘ulﬁ) |
passmj Hew lelm oc a-,s*a‘s Caw Cause Jamae

Cletlre defatk) o Hetr aaths o -
Collisims, (o) (‘Mj pe LJ uclesr aud electontc

_n\m\»ou Oeuiues

Tneensl 4 :u‘ '+b

el dte  wta.

9. 298 | Toiting pudale]
R-34 28 2 -

exan

eliney

(c)

o Lalent bemcks caw be locded it ome layer
b)’ e‘\‘(.L‘...j (HF)_ $or agtended P‘n\As ond de‘le«.{i-«j

hele () Wi Ammenty or kj 5‘4»-\‘-«) willa @& Micrescope,

e E""C"\ o‘"‘&r |¢.7¢(§ .c" 3‘.«;“( Wa,ss G.J meaiure
geometry £ pit do determine  isnitation nide b partile
+.r prolud He drack. (b)

- L

0.9

! LEXAN
0.er
o.TH A
CR-39, ]
] NEX SILICA ]
st GLASS
L f Lexal 4
. A
5

le@ulr on 2/ r ¥ rde,

- e amy g w wma - dn e W=

diameter
2vy)
o o
w O

s

- —

Teclm:z we 3?8”5 Q;‘l‘faofJTM% C-Lo.rje, re.sé\a":'iov\ .

5Or|1—vl‘v-l-v‘v--l T L | 1 T

¥ -3
o
T

- Ga. =0.068

1 942¢30

o~ 10 N R 13 s 6 17 1819
NORMALIZED CHARGE

Calibralim us‘...i Tow aae‘m’tars:

o 0 <
N b

o o

B

MELI

o 100 150 200 250
2/8

- 5o~

rE—




SP. Hh‘t'\ - Ian'av\Q-. ; R.L. F\eic.‘\er— Genew-!- Ekc.“"'?f. . .
P.8. Price , S-L. Guo = U Berkcley

s atmospheve
Sccno.r' . m«mo ole en{ers EcmlLs atmesp
' @ wﬁk net e.led'r:.-_ cl-mrse € 0.

A MONOPOLE ATTACHES To @ MQ..P.\e Co.lo'l'ures nucleus
Ry HEAVY NUCLEUS,
‘3’_ e

'For‘min beum] Shk ”‘“‘UL
Magnetic dipdle ~ Monopele.
intecachion, CALW)

® MICA IS CLEAVED AND ETCHED
WITH CONC. HF

® MONOPOLE-NUCLEUS TRAJ, ECTORY
REQUIRES 2 4-FOLD COINCIDENCE

), Moﬂofble-Nucleqs
Compusife Passes +hey

MICR | unlerqoes elaglic
ICE DAMAGED : k)
ALSATMT'N COMPOSITE nucley, ('o"i‘si'ons resultia
FroupS MU;CR%ET?SCA in a +rail of latice defects .
* AGE BY FISSION TRACK DATING: 4x 10%Yps
. 2 ,
® MEASURED SAMPLE SIZE: 135¢cm X125pm @ As lon as MicA s gt l\eﬂei ) drack. Sureives |
‘ E+f.|n?v\3 in Hydwflowne acid e.nlaraes +rack. o

Scenario of the Berkeley Mica Experiment, '

Mmacro sc..f:i‘g d?men:?ens .

\
‘ ¥-%u Caincidences haue | -y
low backgrand dut +o —y

, Fissiom +racks M“?P e
LS

Nucleug

51 - '
- Bl-




MICh Reult -

Price etal. PRL 52, r2es (19g4)

w‘” L L 'll'lli L} 1 '[lllll 1 T TTTHLY

Cabrera Oc1.1963
10" |-Sopetor st o, M2ITTEH P '

Arons and Blandford, M~ 10 Gov * ol Aae of MICA:
ﬂ'—m“-' m.:‘,:t '% ~ ‘}-Kfoe Years

Tord stod
o B gyt rET Aue:wjo_ Oep'n\ -
5 Km

'd.-“ _—:':.I:'-G:VT“ Totad Size oF Mica Sample:
10— Purcel, M~10"" G loo0 em X | em

T Parker Beend Amount valy 2ed?
10" |- Puoen, M~10" G a

13.5em X lzg}an
- Vit a Co.\l‘ou'\'cl with Pulo- 3 \ong
Lo vaunl s papl s e e

T o g . 0 *

’ ] Wo.ys the MICA Resuld can be Evaded:

L IT¢ Monap.lg C.‘A‘l‘alysrs o‘?' nuc‘eo.\ Jcmy ot 3

3"‘\%“5“3_ ) {-hg Monop.k.— nucleus bound "“d'es
Could bhe ghert lived.

A. If I‘honopo‘Q Covrries Pos'rhot. elechrie cLust.

(probon atached) | Coulowmls repulsion would prevat
the monopele From CAFI\I':'\a a nucleus,

- 53

M

-ﬁa’bpins of Monopoles loy Ferfomajnefs

Becanse of 143 ma.ﬁnd:k field o mm’mpo\e

feels an ottmdive fmaqg force “ neav

‘m‘gﬂ" -Fe;rmmajnd'n‘c and Fammjndk material

Goto, Relm ;and Ford (Sor M, 16 @(‘:)

FFM3Q % [0 QV/A
B?nJ.‘mj Enenyy ~ 'Ho.eV

Iron .

Moﬂnd:n‘e: Fi'mage % 34 eV/y
B?MJ?; Eucﬂ; ~ 280 eV

At eacths saclace: %m“;y ~ 15 eV/A
Lo My~ 10“ C"eu/(.t'

o Su.Pe(‘\équ MW!’S gfg\ h: +r-.p{-'"¢}
by U_ 'Fewc-mogndf -

-S54 -



PoséiL!e 'Sources o‘F- M:?\;f;t;lés'
TY-‘appeJ n Ma.‘H.‘e.f'

1E0f'l'ln's Crus‘t S |ow Movufb\ts f)ossinj 'Hnmng‘n

the carth will |oge anerqy Lr inducin
Cu(fla{s in  +he Core, MOMPO‘Q.S w fﬁl‘\
oscillite back and Sorth Witk their taratna points

near the surfece become -‘-mffd in fermmequetic
materids  near He m;rilh Surface, ™

Possible Sourcess Trpm oce deponits | magnetic sands , Core samples
Collectim Times: o %11 xlo‘w fur mjue'h(. Sands
~ Qf.lo’a.nsn For leéimu‘hr; rww ore

“eJteor"fes Monopdles could have been -|-rnﬂvd in
as'l'eroigh or P s atf -|4e 'Hme o“ accretion from
Solar nebala ) o Could hae been collected over
a \ma time as these bodies mooed +hem Spece,
Some  meteoeties reu.\ninﬁ the carth's surfue
Can retain 4rappel saperheasy mamopdes depending
on the maximam decelemtron,

PoSS'IuQ Souﬂ:ﬂsf SM‘“ ﬂ-r"cul-u md:eor:"es hida IMM
in deep oW,

co“QCL?M 17'!2 . P "'K log ‘jeﬂs

. 55 -

(-




Etpeﬂmcnh

SQILID Fluxmeter Search -fcié"'Mo?\opb\es
in 400 kcj of Old Tron Ore

Kobe U.nivef'si'\'\, ) '.Tafnn
T. Ebisa and T, Wo“:amnbe

..‘:25‘.’.‘%;&“_:. Kebe, Tapm

Tcd\m%ne Heo‘t SRMP‘CS O'g m netic sonJ (Fe,o‘)

and maj‘oem‘\‘e (FC;O.;) +l\fov~2k Curie 'Eem ratuce,
Dctect monopoles which diffuse dowaward LY 3(«47
ana Pene"mr a Nuo‘omn Coi\ - SQUIO maﬂne'l'.omder

_D_d_e_c_{‘i:_ Super'conduc‘tmj Nno’owm c.:\ Scn é 3 fufns
s.c. Pb S\ucuma
Furnece o heat umf\es

Preset Status: Taking data , prepint esuty
Dalte. fefbfhi on Yoo \(a}

Resaults : M [y 2 | s

. &3 -

e e —— - ————

KObe De'l'ec.‘tor __,.,,,:

DEUKQ +o l\tol‘ 'Fevmmagne{:m nna'ler-l. + Cune 'l‘.euferu ve

Thermocouple
Siliconit Heater
e (SiC)
\
Firebrick \
L.—-* ’
| ?|| /~Iron Ore
e | ([ Thermocouple
3‘:.’:.::?\- ..::_':". P .
Sample Case] |- % , : |
(sus-304)g |3 |[lIl: ] BB
21em 1 2| B
// / \
y //
@ : 2cm
To Power Supply ! .,,ml:rg,_ ek s
\



, Meteoriteg

Two Gener| Types
lIron ~% Fe + 62 N + <)% other (kamaci}c)

Crys‘hni'v\e S-|~m<‘lure 30«33?5')'6 Cool'l
Occurred in |o.r32f bodieg ,ea.dt;g'mhls.

Stony

2 57. Fe ia mm  Side smhs (c."\onJﬁ*e‘)
Beliesed not 4y haoe remeltel since
occredion fa asterids, ., SX10? yean oao

[ ]
L Mc\na

N po!es Ccu\,J haoc hmn "‘f‘aﬂﬂeé ¥

me nelafa acereted 4o adbo-‘-!s aud P!MJ!
or Aslemids aud meteors could hae  eolloche]

overy o 'f l'ni"i‘m Years tn ‘I'l\.e'."r j8uen
'H\m-v’\\ Sf’au:e. J ey

ted

ite

- 59 - I

5-"{

DR T

Do Monopa'es Remain in Me.+eori‘}es
Dur?ng Their Fall +- E‘ar‘Hq?

Depenés eng 'Monof’o\e mass

m — —— * Angle of incidenc
e \3 (meteocriles dsglm{im\

-~

Daceleration, =, P U

'A:'ms.f'h%!
— 7 F0-lo00g

-

Dec:elem',.‘fon § ON Im

Pac‘l' CA\\‘-H\ amum:l (]efhv\f!q .

Tatmized ia eleep Snaw.,

= An‘l’arc{'i‘c Me‘l‘eori'l‘e's ,

- Lo -




B . - - .- -

- 8; o>
What monopele mass can remain o 2 32
. - - [ 4 - < 35 . .
-\-mppccl tn O metem’ne lmpad:ma =0 :_3_5 --: .
Yhe Earth? S 5
« Assume maximam deceleration = 10004 ~ 2
o Use Gaoto et 4. $or imoae fone on maﬂneli"\'e § NS

F?mqae ~ 5 ev/ﬁ

Con‘l’a‘inmen‘l‘ Y'eauﬂres: ’ - §§
1000 Mg = § eV/A S ’% -
=
M & §xi0" Gev/r (coorst cone) S
- S ) >
o Lower impach decelerations ( Say 100g) ceuld g z
Con'llﬂv\ h?ﬁ\\&f Mass Mcmo‘obles ) €9, My, w ot€ ; %-

* Lower Masg le
Moo MeS  are mpre eqszLA Cau‘}ni‘nc:)

=> Select mdeor;les hich landed 5 cl@eP Snow.

A Y\‘t&‘r({‘i‘c ma:eori"‘QS §

(ueder) emoAs

’L‘- - B?—'




b3~

\ A /,’ ;{,
/e

Ice ablation

Transanlgrcrlc
Mountains

e

5 oot
e Rt




i, 1

Fig. 3. Antarctic meteorites: (a) ir i - Mnﬂnl '

. z ~ on (Alan Hills No. ). (b} i
(€} chondrite (Allan Hills No. 3). which was Found in three pi::n al ll::u:l‘lloh-;}"‘"s i
siruight line. The scales ate in centimeters. mervals slong 2

- by -

o E T Ca——— -y
RBTAWR . N i
v G

Kilometers
300 200 100 0

now_accumulation . Equilibrium line
4 Ice ablation

- bb-
T T R WA T TV ST « gy

3000
2000 ¢

c

s

s

>

2
1000 ©
-0
T I—

— =

Y

P



Y .y

H\mi‘.qLi‘{Jy ”oq' An“'o.rc{k me‘l‘eoﬁk!s s

R
~—MNe FALL
T ———

~ ’ : /”l FiLL

LT Y

» P g

>6000 have basn collecke] by —h
Amervan ¢ Sapanese  expeditions, @
Cell.":'c".‘?ens; KCP"‘ q‘}': ) L Cv_THERMAL SMIELD
LIGLND  Hy
o« NASA's Lunar Sciewce Ins-h-L.ﬁ ' H-'_u}om £4_sweLos
¢ Na+?"“‘l I"‘lf'ui Sor Polap nwau;'« ' -kav - i’-‘-’;c"-"jj oo
Sdmp“-’s are reaéily aum\a(ole RV 1Y o
Measuremeds are  Nov- deshrckive. <l &0

" . /ﬂ”m g

- ’-‘-‘\ |
e gt L‘:% Cros Secttanel Vie.

‘__ _%" FeALEy mcyars

- L3 -
. Ly -



>

w g
lg g
3.y @)

Y
-

e i

1 - -

a— g =

‘ —u!.:\._l

[ R}

[

. 3.0.3 %

b Y WA WA ¥

i . b1 swlasy fi
_no..vi.aruo_ asw 000) saqny 402G . - 4 't
—— wiyraL u FRoys o~ ol
A9 4 wD5¢i 4oL IS 1w Aops 2> 9
N Tyh 43,4 o0t sPtM3s VW Wi Seray Sl
-

e OIRE vl PJ.J.W Aroa) ) Nu—uﬂ»@& ‘W
§r-0Tne s T -0 03¢1/5 | 0°000T | ISCIOTTEICMEIN su1cTI0N I 1
er-01s° Y 1 - 2% acer/s | 9ot o Evaung s 3y

greonarey £-0TAT*E = 4QTep 't et WLITIINI DUIETING | WEVIORI-AFTIENIS Tt
. greotmt peblsg ¢ - L 0 + *u18 omIQTING OANOI *01
| presue's 20 = g0t e $°0T | "IMIDB 4 L4THa | WSS Owrwinss EIX-an0uS-1M ‘8
£r-0T 4"t $°6 - p0tst to'e .1 eI | sIans wxweemeas T3y Swer zmoM *9
pr=0145°C 60 = o013 £t et TYNOTZNOETY SAIN wvr0n mvave-vians ¢
pr-01=8°1 ge01e% - nuz.o s s°00m |  MGSYTIIZNIOS =1N wepTYy ussa -9
Lr-01eT Y g-01a€ = o 0Tup ' LI {1 TTOLINOAON TMIM WVGOCE | TMMOBMY-YIOFINAIN °§
2r-01e1°8 20TC = y G1=2"T i I1'0 e SLOIVIIIINISE | WMINM UBMOTIIVI CUCANIS-RVIA ¥
£ya0tst T = pttsy e oert SUOLYTIZZAION | IWIN YOI
p1-01s8°t (9138 = ot sto'e "t * BOLVIIIINTSE pe1oTION )
[p-01s°1 10T = g0t Tt e mosvriiangoe putoTIon 01308 ¢
£y-01=0'E 2°0 « g0t tz-ot s-0t | SMOIYTIIININS suatIoe ooow *z
ge0Tart ¢-O1RE"T = j_ot=g oz 1 TYNO1IR040M ow1aTIoN ™ oY
(148 7.8 710} {(muzei) | (%8 700 T
1 87y wadan xa | SoevE-4 g | WOLIIM w10 KI0IvECTY] “

/29 “

_ E.I__. €8, 0
Shouiagig el g \

i

Monof)ole_ Dg‘ted’Hq .

Y
Ion's%o.'\"o'f\. / Exc¢ i“'a'ho m

b

Techn i%“ S

welyRRiveT SE.,W. Stimsay 39 xycsism

17,
L
£
L\ 4
LY
-t
£ 3
P
4 =n
Z 1
P
s -
,.xa
G
by

— T(ack e-k\-\

-~ b1~



Acceptance
Comparison
Experiment Counters Acceptance Tracking | Expandable
llomestake 192 ~ 1300 m2 gp No No
(2.4 m)
Baksan 3200 | ~1800 W sp No No
(0.5 )
MACRO 572 : '~ 12300 m2 sp Yes Yes
(6 m2) '
Sensitivity: )

MACRO = 4 ev/y at Parker Limit

90% CL Sensitivity

5 = 0,1 x Parker Limit

 PRIMARY
ACKGROUND

-3 -




R

2, HOMESTAKE LARGE AREA LIQUID SCINTILLATION DETECTOR |
: 4 LAT .
|
.
d Al et
IONOPOLE PULSE TIMING IN
T uOMESTAKE QI;ZTECT%
PULSE WIDTH + -, -!
\ - ? ' 1
¥
50 em
WIOTH=
ins
B )
\
I
. Ry
I s




l
|

Oo loce p.ﬂ—nn..hY ﬁoﬁ.f;r—ﬂ.w mvﬂv%.k.n Llhﬁ.—:ﬂﬁﬂ n.n-..af:).h._..ul »nuil
T~ mnesr”:o»ﬁwv.w

1

oo

. High Flux mmoa.mmoﬁo_.. np elats satirin
Brookhaven National _
_-aco.::oQ RCA 8850

24 keV Nevtrons 1Omm
; / (50,00075) Vo r RCA 4900 |
* . .............l Q
3mm 25 micron Al window /w:..a S~ Y, moﬂn _-nmmmuﬁ
NEIIO \mﬂ.@ *
i70em 6Li-Glass
Scintillator

Light Tight Box

I

Iron Layers

5

inlillation Counters

~-3s -



| PE COUNTS

| PE COUNTS

 2PECOUNTS

400

g 8 8

-
o O

N » O
c O O

-

{
I it 3
R
! X htantt ]
b .
8+7.5°; Ep=400eV
- rs37.5cm §
t-l457mm
- gease me2EiRla0g PE
- ¢a36cm P “”(z |
i -“.ht“.“i A ot {'*'
1 0-45-.5 12 keV *
R r-36¢m’ ke ““/' PE
TOF(p)=237ns |
i Io::c)i-rro o H ”{
oI Min.
itV ruULN

50 IOO I50200250300350400

T(Li)-T{NE-110) (ns)

Clear Yinamad Pel S frem ToE oF nadren

give recotl protm enevay

s B

e ooy - GEE e

—+ Summer [18¢ (2‘”481’ bc.'am)
-*' gpri.rr R ALY

04— 7
. //
' +
2 7/

7

T 4 //
\§ o-

!i ﬂ L5xl \, +
"
Sl | e

f""+
/’ —{—
7
2
0.1 |— -t-/(ﬁ) = 3.1X00°

) I.(Ep]:

{l

o l l

1ot -‘— —'_T"'—“"‘

116 2xi02 2x(03
PROTOU ENERSY ,Ep (V)
- £ -

2x0?



"3 a1 1,
LA i o
. : ¢t
R A - o 4
Iml:._ > > > MNS“.
o g
- Y

o ¢ //// W/\y.%\/.//m Wru
HE Wx«m\/// g ¢ &
y "N %/ A
mv AARRY AR L.. ﬂ,
¥, ™~

Scintillation Yield (eV)

10—2

[ _

10! __wo.< 102 103
Proton Energy (ev)

104

~ ¥ -

. F9-



oy P
v e}
0 ~
- 0
— - a~
o o) g
< v a—
n + P
3 2] §' &
P Z N
= = o
5 3 ¥
o —— QL 7))
o1 2 o
? > o &
':' -o
2
—l -
. D> g‘s’
N-. —
L]
—b

P:0:P = 4V L4V

. 3[«

Monepole Detection With the Streamer=Tub®s™.

Gas: He + n-pentane ¥EE) +CO. } /'*H;\
5?2 1S 289, - -—5--:-—0 h 2
o— —
Drell et al. (1983) mechanism 9 f Y.
. Ty |
Energy He + M -» He"+M n
Levels He™ +CsH,, \
.z e r(Csudhe
-co o) oo

Monopote induced level mixing modifies kinematic constraints
on energy loss

Implementation: bare monopoles ——> He excitation
' n-pentane fonfzation (Penning effect)

l \ a
) g hY S 4
)i AW N 3
T X —~
l AW S
b AW m
)y \ e
L AY N
L A% N

Track in Both Stereo Yiews Lineraly Delayed Hits

B - Theooh. )
O-Theh.d

@ Background: radioactive gccidentals

o Trigger concept ~ Mont Blanc Experiment . - |
99 p P 0“!(-9(-\0\}4’:[3,,.:‘-!0 1

Oind Tmitabin CsHey
{5...:. & 103

SPQ‘H-J ﬂccunw,‘ ~ lem
pnsu\w AC(.;-.N.(Y v 0.2°




a. Large Area Detector at

the Gran Sasso Laboratory

o dedicated to the study of the
Natural Pénetratln'g Radiation

Monopoles > most semsi -l-.-.le seankh 4, dode

Astrophysics V.H.E. v and. v astronomy > Sqf:‘-'f“““-‘

»iat rouney
° v - oscillations

COsmic Limes
u's, multi u's %ck—hhc:: h’:«-’
Radiation time variations, anisotropies -
. exotica
Ouservtors * 5 1502, 2 5m b walegan
~J/+mkl-1_
b3 -

2060 m"‘

Ly any massive, lows “selecly | peacteds, f..iu""d"“d“"“f

EARTH  GALAXY
sim ] SUPERCLUSTER
|0-10 1 1 | l
_:.;' 10-1 L - 907 C.L. upper Limibs |
ol INDUCTION EXPTS.
“"m lo-12 L. TOKYO(HE+§H4) -
L.
< 10°° |- -
3
L j0-14 |- / n
w . BAKSAN
D 108 | pARKER LMiT_ /4 (SCINT.) .
| O ~[()i6 2 /} . KITAMI
| Z 10-16 |-Mm~I0"Gevrc J ~ (T.ETCH)
l -
% ol MICA~*  MACRO 5 YEARS |
1 | H |
KR 05 0% 03 o2 o o
Lame Aoephne MONOPOLE VELOCITY, 8
L"’. P-m:jz
s tr'fu.:... % 288 SCINTILLATORS
Z ////;DRELL STREAMER TUBES
Y ; Liian] Tk
PBriod 103 4
T
FCor G’rQ‘J UM-‘:FQJ mbﬂb?“es Hﬂl -~ 'O GeV

- §L, -




mx_oml.sms._‘o._ Io,:m

- ot the

.m.qbs mpmm.o 29.*"05&4 _..P_ooqn,*o..w

M
A L
c =
R
L o :
“ rb-——’ .
e CONNECTING , SALLERY
& U V& u
L
T
z L
$— ROME NORTH_ SIDE HIGHWAY TUNNEL TerAmy —p
Gran Sasse  Rock Prtile
u. )
!
! Etlensie HirShaver .
3000 | EAS array  undergreund lab. *
Peptn
’l p=-
2000 A N wr : A 3500 mue ._H.
.- . ? - [ Vil
. H. —— .
£ 1000 -
0 1 N 3 . A 5 1 .~ 8 W ] 0 .
Km ‘ —p
qNOjﬂ. . lﬁmﬂp’o

Fig 3

TR T R T e T TR o ansablant A ot o DO




fier

pene,‘l‘m‘ting Packicle Tdewt

MACRoD ...

-

Vertical
Tubes

Horizontal

-
LR Ly

s

e

LALAY
P
wanh e
Vs \..» "~
Biv

e
N at et e
AR ANTYNIYIVINY

Liquid
Scintillator

S
e
[ rna LN

Harizontal
Liquid Scintit!gt

ar

Vertical
Liquid Scintilators
and
Streamer .w:umu

Heorizontal
Streamer Tube

Track-etch
Deteclor

\
Pty
e

ey
[

st
IR

yam Ny
NI A

ey N s,
BSOS M

round

He0) 4o lower boc

4

wer 67

qmand

SR wb any deem T P e S ap—

hs |

g9




o ]

SC.m" “a‘hov\ COun‘lef O(J'l’lC-S

TOP VIEW Usee Hotel indemad refl
23.3° = evchrad acfle.

Dimensions: .

FScmXidm 225:m

Viewed by 2xPmTs (8'¢)
at each Gﬂcl

- ga

— - & - -

Hovamase AV 6" drpnetec PAT

2049t 5——,
FACEPLATE— | f+~————190 ¢ MIN—»f

T

75

RV ‘j

64412 [a 610

20-PIN BASE
JEDEC NO. B20-102

52.5¢ e
| MaX

: DY|3 P Ic
DYlZ

e m—aa e e - ——— - T T — N T AT T

-t

Pt



‘2"\ \ong Sc:n'\"\“ﬂ*‘od' BDKQS

%

Tube Output (arb. units)
3

.9 1 4

-t e oy

| LIGHT YIELD VS PoSITION ’ |
Ll N LI - - T

| X 8% omT of encht end-

+ 5. TUBE @1300v

Y=Cio(1/R* CpE M4 0 ag -V

N. TUBE: C,~24.8 C;=50.0 Cy=11.07 Afm1.8 m A2=0.1
5. TUBE: Cy=17.8 Cymd0.1 C;=23.0 Alm1.6 m A2=5.8

O N. TUBE ©1100V T

e BRI IO s

e a 10 1]
Distance From PM Tube (m)

Sol:d amle nesr Pmy

Alenuation o L?%_ Scwtillgh o, (7\" 3l\)
Total Tatemed Refledim < 23.3°

Coll ectiom efliceny of PmT

- -

spaoa g&aua Toj we Saya&fw _50 M;ﬂcud o

(tn) qnl K4 wolxd sduwysiq

ot

Number of Photoelectrons = ™ ~.

] v

"
3
~

<

r
]
1
(]
]
)

7
b

<
L+

(o'd) AR €

- es Emeaaas e e R e ™
-_ e m .

L S A L

('0'9) AN 01

() ASH 05

—;‘:‘I‘L-

NOILISOd SA TIZFIA LHOI
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MACRO DETECTOR |

GENERAL (COMPLETE DETECTOR)

ACCEPTANCE: 11000 ridsr
DIMENSIONS: 72m X 12m X @ m HIGH
DEPTH: 3500 mwe
PRINCIPLE ELEMENTS:  STREAMER TUBES
LIQUID SCINTILLATOR TANKS
TRACK-ETCH DETECTORS
STREAMER TUBES

* 18 HORIZONTAL LAYERS INTERSPERSED WITH
0.35 m ABSORBER OF LLOW ACTIVITY ROCK,
5 LAYERS ON SIDES

*CELLSIZE:3ecm X3 em X 12 m

* GAS MIXTURE: He+CQ£|»n-pentane

* SPATIAL RESOLUTION: 1 em

* ANGULAR RESOLUTION: g.2°

* TIME RESOLUTION: 150 ns

LIQUID SCINTILLATOR COUNTERS

* 3 HORIZONTAL LAYERS WITH 4.5 m SEPARATION
* SIDES CLOSED WITH ONE LAYER

* DIMENSIONS: 75 em X 50 cm X 12 m (horizontal tanks)

25cm X50ecm X 12 m (side tanks)
- *TECHNIQUE: TANKS LINED WITH CLEAR TEFLON SO LIGHT
" IS COLLECTED BY TOTAL INTERNAL REFLECTION
* ACTIVE MASS: 100D TONNES OF LIQUID SCINTILLATOR

* INSTRUMENTATION: ADC'’s, TOC's, WAVEFORM DIGITIZERS
* TIME RESOLUTION: 1 ns -

TRACK-ETCH DETECTORS
*3 LAYERS OF CR-39 AND 4 LAYERS OF LEXAN
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—mmemit s smere oz SLIUrULE:

* by excitation-iowization wethods.,
© beyoud he astrophysical bounds (12000 m"pr)
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Cosmic. Ray Muons at Gran Sasso (Min, Depth ~ 3600 MUE)

* MACRO single-u's « 107/year
multi-u's « 3 x 105/year

f(N,) vs.! depth (8,4) = Primary € spectrum

== Chemistry of primaries
(Test models)
(ORIGIN of Cosmic Rays)
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Cyg _X3(10kpc)

"7',... «-ekr Pe.:-l

Detection of (y's) muons from Cyg X3~ ~. - Y—-and v-Asironomy

Surface detector measurements {KIEL,...) ' e Llarge Ali‘(fea |
_ - e u-identifier

Ede"""c Aic Shower e high angular accuracy
¢¢(>10 Tev) » 3 x 10-1lcp-2s-1 Aeron, a8 ~ 0.2°

¢y(E) ¢ €2 D.F. ~ 1%

y - air interactions (Monte Carlo)

Vela XI{l.4 kpc)

LMC X4{I0k 4
)| o.n & aon above 200 GaV (I0kpe) / .
TN PN [ Y]] B"‘.ary

Vector dominance model

Signal ~ 20 ev/year -
Rriodic sigual o

-

) High u content (KIEL) (¢ od (7)),
Signal ~ 300 ev/year .Fw MRACRO < .H‘E
Mont Blanc and Soudan u signals |
> Phase !
— ~ 10,000 ev/year in MACRO : ) = i .
e (D‘: . - " [
4. (E) = 124 (26)'x v 1 pward u
Mont Blanc ~ 15 m® 5000 MWE ——> ~ 10 ev/year "y 'T(__i IDF), X T: Events/year
VELA XL E2 . 20
MACRO x 100 x10 —> ~ 10,000 ev/year v
(¥teo mwi) ' LMC X4 —= . 3
— — L > AS“J‘?:“_‘“" ae ¢ 1° ~ 0.1 events/year
qq - qS_
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NEUTRINOS FROM STELLAR' COLLAPSE

_OO -200 (10-20 MeV) ._.m _OO NOO\‘

. | f@ //,
tIO._.onmoo_b._._Oz NEUTRONIZATION . OOOEZQ ...\V
"Fe->i3a 4+ 4n-100MeV . & + p—>n + 10%% ergs
erﬂ + 26n E—
| %S\zqm T~10s 1053 ergs T~107s T peak ~ 30ms, Tgecay~ 18
dt i s peak ms, Tdecay
® Vv Opacity: 1) O increases with E. 2) VN elastic coherent scattering by 2° exchangeé.
. TP, a ~ &2 ~ 3136 for Fe.
Lo MeY; 10°° 10 MeV _ ., 2
® DETECTION: ¥, +p—>n+ o+r ‘Q Om_.n.mwm.mmam. erg /10 Me = 1012 V,/cm
0=3x10 . :
MACRO s 75x 10V ER cnf = | m+\m:ommu.u
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