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‘The. first six months of this research project have been most
successfu% and the prospects for the remaining half year are
~quite good.

- = i .
This program began on September 1, 1972, but the research

projects were actually started the previous academic year while
| :

‘the project director was a Nafional Science Foundation Science - _

.Faculty-F%llow at the'College of William and Mary, and on léave
- from Virginia State College. | |

Hié research advisor,,Wiliiam J. Kossler, and co—workers
ngbert 0. Funsten, Neil Heiman, and Mary Grayson Foy are
working on these projectS'although,.of coﬁrsé, they receive
no financ&al suppbrt'froﬁ NGR 47-014-006. This collaboration
between Virginia Staté and William>énd Mary is wérkipg very
well, enabling thescoﬁbined research grouﬁ to do far more than
either could alqne.

The services ofAtwo V.S.C. physics'studenfs were‘obtained
at the»beginning éf tﬁe félllseméster and they have-continuedv
to work moét successfully. They are Leroy S. Jackson,.a senior
physics>majér-from ﬁeaufort, Souttharclina, and James M.C.'Lin,
a graduate student from Taipei, Taiwan, The Republic of China.
Lin plans_to write his master's thesis on'one of fhe problems
.being studied under-thié program; and will fill the full-time

‘assistantship position funded by the grant this summer.
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/ ~ PION - NUCLEUS INTERACTIONS

This project studies the spectra of prompt gamma rays emitted
following nuclear pion absorption. Examination of the spectra shows
which states of which daughter nuclei are excited and the branching

ratios for'these.States. Measurement of the Doppler‘broadening, if .

any, of the spectral lines gives the recoil momentum distribution’

e . RS

of the ‘particular daughter nuclei.

The 600 mev, synchrocyclottbn at the Spacé@Radiation Effects

Laboratory in Newport -News, Virginia serves as the source of'pions.

An absorption event is_recorded by fhevpassage of»a.pion'through

-three scintillation paddles in front of the target with no subsequent

éignaliin the.fourth péddle,béhind the target (see figure 1). This

is called a 123%Z. Gamma rays‘are'detected by a Ge(Li) detector

placed'adjacent to the target just outside ‘the beam path. The

 Ge(Li)'and:its auxiliary equipment are shown in figure 2, the

apparatus.beingvaséembled in figure 3, and the assembled apparatus.

in figure 4.

Theveléctronicbprocéssidg equiément‘is shown’in:figuréVS; énd
a schematic is given in figure- 6. Therréquisite AND-signals from
the ¢oincide5ce of pﬁiseé 1, é,vand 3, and the anticoincidence of
4 produce thev123z pﬁlses which feed into the start input of a
time~-to-amplitude convértef_(TAC). The stop input to this TAC
‘consists ofpulses.from the Gé(Li) which have been amplified,
shaped, aﬁd put into étaﬁ&ard logic form By a timing filter émpli—*
fier (TFA)>and a constaht fractioﬁ discriminator (CFﬁ). (The CFD-

was purchased through this grént and has brought about a spectaculaf

-improvement in fhe timing resolution of this experiment.) The

H
ts

output from the TAC is analyéed by a multichanﬁel'analyze; and

~ two regions are selected by two timing single channel analyzers
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FIGURE 1. Séhematic of Pion ‘Absorption "‘Apparatus
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FIGURE 2. Ge(Li) Detector and its Auxiliary Apparatus
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FIGURE 3. Pion Absorption Experiment Being Assembled
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FIGURE 5. Electronics for Pion Absorption Experiment
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(TSCA's). These regions are called on-time and off-time and refer,
respectively;’to the time period when the largest number of .gamma
rays are.detected and to a period before-that (see figure 7). Signals
referring to the on-time and off-time regions are used to route the
respective energy signals from the Ge{(Li) into the two halves of the
energy multichannel analyzer (2048 channels to‘each). These spectra
are accumulated and printed out on arteletype (TTY). A pulser sig-
nal is introduced into the system at the Ge(Li) for digital stabi-
lization of the gain.

At the inception of this grant the project director was in the
midst of an experiment studying negative pion absorption on 12C.
Analysis to date shows that the 717 kev (JPT=1+,O) and 2154 kev

10

(JPT=1+,0) states of B were excited, but the 1740 kev (JPT=0+,1)

state of 10B was not. No lines corresponding to nuclei other than

1OB'were observed. Analysis and interpretation of these data are
continuing.

328 was

An experiment studying negative pion absorption on
conducted in October, 1972, The results are summarized in Appendix
I. Further analysis and interpretation are in process and will be
discussed in a talk to be given at the Washington, D.C. meeting
of the American Physical Society in April, 1973.

Negative pion absorption on 14N was studied in an experiment
conducted in January, 1973. The target was lithium amide (LiNHZ)
powder purchased through this grant. The results of this experi-
ment are described in Appendix I also, and will be discussed in
the talk at the Washington APS meeting.

16

Positive pion absorption on 0 was studied in a run conducted

iq:February, 1973. The extremely low count rate for positive pions
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from the parasite channel at SREL‘caused the resulting data to have
such poor_staéistics that it is worthless in terms of nucleai physics
analysis. However, it definitely proved the feasibility of posiﬁﬁve
pion absorption experiments, and the group will definitely perform
such experiments in the future at the Nevis synchrocyclotron or the
Los Alamos Meson Physics Facility (LAMPF), where positive pion fluxes
are many orders of magnitude larger than at SREL.

A negative pion absorption experiment, probably on 40Ca, is ten-

tatively set for late March at SREL, and a run at LAMPF is possible

this summer.

MUON PRECESSION IN SOLIDS

This project utilizes the unique properties of muons to study
the magnetic properties of solids. As a result of the imnate helicity
of neutrinos, muons created by the decay of pions likewise have
unique helicity in their own rest frames. By proper choice of bending
magnet currents backward decay positive muons can be channeled into
our apparatus (see figure 8) at SREL. As in the pion experiment a
logical 1234 signal indicates the stopping of a muon in the target,
the target being in a uniform magnetic field produced by either a
Helmholtz coil or an iron core electromagnet. A heating coil which
serves to vary its temperature surrounds the target and this system
is wrapped in asbestos insulation. The nickel target is shown in
figure 9, and the assembly of the insulation layer is displayed in
figure 10. Figures 11 through 15 show various views of the complete
apparatus.

The 1234 signals go to the start input of a TAC (see figure 16)

andfsignals from a fifth paddle (or, alternatively, paddle 4) go to
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FIGURE 8. Schematic of Muon Precession Apparatus
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FIGURE 10. Assembly of Insulation to Target
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FIGURE 11A. Side View of Muon Precession Apparatus

FIGURE 11B. Top View of Muon Precession Apparatus
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FIGURE 12. Top View of Muon Precession Apparatus

FIGURE 13, Top View of Muon Precession Apparatus




FIGURE 14, Side View of Muon Precession Apparatus

FIGURE 15. Closeup of Target and Iron Core Magnet
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the stop input. This fifth paddle serves to detect positrons from
positive muon decays and the time spectrum from the TAC is analyzed
by a multichanngl analyzer. Figure 17 shows the project director
adjusting this ;nalyzer.

Two experiments of this type were performed in late 1972, one
in late September and early October, the other in late November and
early December. The results of these experiments are given briefly

in Appendix II, and in more detail in Appendix III, the latter being

a preprint of an article submitted to Physical Review Letters.

The next muon precession experiment is planned for late April
and early May at SREL. Further experiments on this problem will
probably be run during the next academic year, most likely at the
Nevis synchrocyclotron operated by Columbia University at Irvington-
on-Hudson, New York.

The results of the muon precession experiments performed upon
ferromagnetic metals indicate that this technique may be most use-
ful in studying the structure of alloys and in the effect of implanted
ions upon metallic structures. For instance, suppose that muon
precession analyses are performed upon a metal crystal both before
and after hydrogen ion implantation. The comparison could shed some
light upon problems relevant to materials to be used in aircraft
and spacecraft construction, as well as terrestrial and sub-terrestrial

applications.

PAPERS AND TALKS
Appendices I and II are abstracts of talks given or to be given
at meetings of the American Physical Society. Appendix III is a pre-

print of a paper submitted to Physical Review Letters, A paper on
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FIGURE 17. Project Director Adjusting Timing Analyzer
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pion absofption expériment§ will probaﬁly be submitted to;the Physical
"Review thié'summer. The project directbr‘has given a talk on;thesé
p;ojects to the faculty of the‘Schoql of Scieﬁce and Technology at
v Virginia State College and hasrﬁeen iﬁvited to giﬁe a similar talk to .
vthevddllegé Sigma Xi chapter..Stu&ewf'workers chkson’and Lin will,:
respectively, gi#g talks on the pion and muon ekperiments at'the Zéne
Four meetiné-bf’Sigma Pi Sigma to be held'.at VSC on April -6, and at
the anﬁual'éeeting of the Beta KappaiChi national honorary science
fraternity %n-Philadelphia on -April 13;
Newspaper'articles‘oﬁ this»pro}ect=have appeared iﬁ the Petersburg‘
Pfogress~1néex, the Norfolk Journa; and Qurd@; &gd_tﬁé'ﬁeaufort
.Gazettev(éeé Appendiceévlv_énd_v). |
FUTURE FROSPECTS
.Deciéions.alréady made indicate a very busy and, nqpefulf ,"
producﬁive éoming sixvmonthsg_Iﬁe piQﬁ runs at SREL in March'and-
: : o - _ . o -
LAMPF this'gummer,.plusithe muon. run it‘SREL in April and May will
fkeep ﬁs buéy pfédﬁcingAéﬁa;a;élfzing data.. Infaddition, further
analysis an&'iﬁtérﬁreéaﬁion-is necessary for ‘much ofnthé'data
- .already accumuiated; We plan to write én_articlé for the ggysical
~Review-on .the results of our pion:experiments. -
Beyond the next six'mOnths.lie:hothuproblemg and.opportuﬁities{
The chief problem is the expected closing of‘SREL én June 30, 1973,
*Thé chief 6pportﬁnity»is the opening of -new facilities, especialiy
Nevis and*LAMPF, in the very‘neér‘future._Thexparticle fluxes to
be proddcea by these machines will'muitiply those from SREL by
_factorsvffom 30 to 100, depending upon the beam mode-béing>utilizéd.

Thése new machines will multiply the quantity of data we can take

-
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 per given time inﬁerval by approxiﬁately~these-factors. They will
-glso allow us to increasg §hg level of sophistication of these ex-
périmepfs by tightening 1ogiéa1'requireﬁénts upon our’daté.

The~ciosing ;f SREL will, of course, mean the closing. of the
SREL instrument pool. Dr..James C. Davenport, VSC physics depaftmeﬁt
chairman, has written the director of SREL requesting a gfant or
1oan'bf‘any=reléVant surplus equipment ‘from the pool.

One problem which'has delayéd us these past six months is the
“-slow1anﬁ;obsorete.méthod of dafa rgtrieyal we ﬁaVe?had‘to use. Data.
?from*the'mulpidhénnel<ana1¥zersvhas been printed on a teletype'énd
.tﬁfs has been -hand pdnched on'IBM cards-for.énaiyéis..Each such’
-prtntouélneqwﬁres,abou:_an hour taken ﬁrém fuhhing.time‘plusvtwo
_ﬁsn4days df‘WOfk'to pﬁhch'it:bntﬁ'cafd;.:Théwmultiplicatton of déta:
iaééﬁﬁulatioﬁ ﬁrising from runﬁing atiNéﬁtSQaﬂd”LAMPthex@ year“will
make‘the present method imb&ssible.:A'gystem_oﬁ data époragg on and
rétriéQaI from magnetic tapé'controlled'By a ﬁiniéompu;er-wili
become a necessity. | |

Because of these developments thé eqﬁipment request in our re-

. newal proposal wili'bg many times largér.than,that requested for
the current year. However, ‘it will be a one-time request :and Will.'
n{permitwus~toﬁperforﬁ high{qgaliﬁylreseargh~inéthese;&re35vﬁbrjmaﬁyj
years to Come.v |

Invclosing.l would like to.expfess my appreciation to NASA for
"funding this progrém. It has been a wonderful opportunity and
- challenge fgr me and‘my students, and is, I believe, producing
worthwhile new knowledge of the structure of ﬁatter in two diverse

areas.
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Respectfully submitted,

Carey E. Stronach

Assistant Professor of Physics
Project Director

February 28, 1973
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'Absfract,Submitted

'For the ’Washington, D.C. Meeting of

The. American Physical Society
23-26 April 1973

Physical Review o Bulletin Subject Heading in o

- Analytic Subject Index © - which Paper should be placed  .
Number__53.4 - ' _ Medium Energy Nuclear Reactions

A

i Nuclear De-excitation: Gamma Rays Follow-
ing Nepative Pion Capture on 32S and l4N.* C.E.
STRONACH, Virginia State College, and W.J. KOSS=-
.LER"and H.O0. FUNSTEN, College of William and
"Mary--Negative pions from the SREL cyclotron
‘"were stopped in 325 and LiNHy targets. Prompt
gamma rays were observed with:a Ge(Li) detector,
and the spectra were analyzed, the strengths and .
widths of the: nuclear de-excitation lines being
measured. States excited in the 32§ experiment
include the 678, 709, and 1455 kev states of
,3OP the 2232 kev state of 3OSi, the 1273 and
2032 kev states of 29s5i, and the 1779 kev state
of 285i. The lén- experiment excited the 4430 kev
state of 12¢, which displayed considerable
Doppler broadening. The analysis yields the re-
coil momentum distribution of the 12¢, which is
approximately the same as that of lay formed by
pion absorption on l6g,1

* Supported in part by NASA and NSF.

1:W.J. Kossler, H.0. Funsten, B.A. MacDonald,
and W.F. Lankford, Phys. Rev. C4, 1551 (1971),.

Submitted by

vy 5 gk
: |

Carey E. Stronach
Department of Physics
Virginia State College
Petersburg, Virginia 23803
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Abstract Submltted
for the 1973 New York Meetlng of the
- American Physical Soc1ety

27 January -1 February 1973 o A _;v‘! k;;l

" Physical Review - - . ' Bulletin Subject Heading

.. Analytic Subject Index 7 - - in which Paper should be placed
" Number__149.6 ' - . Meognetism and Magnetic Materials

UL Prece531on of P051t1ve Muons in Ferromaznetlc Me-
-MQ_jtals. M L.G. FOY, NEIL HEIMAN, and W.J. KOSSLER, College
. Oof William and Mary, and C.E. STRONACH, Virginia State
o College--Polarized ut were stopped in Fe and Ni. The an- -
" “gular distribution of the decay p051trons precessed past
- detectors. The detection rates were fit to: N(t)=Nge~ -At,
”“;'[1+Pe't/Tcos(wt+¢)]+Bgnd P is a measure of the polari- :
- - zation of the stopped put at' the start of timing, T is the
. depolarization time, and w, the prece531on rate, is a v
measure of the field (B,) at the pt site. In paramagnetic
Ni (T>Curie Temperature Tc), we found P=P, (P, is the
. polarization of u .stopped in carbon for callbratlon),
- By =Bey=50G, and T=bpsec. In ferromagnetic Ni (T<T.), the
- parameters were measured as a function of T and Bext;
" e.g. at T=300°C and Bgy+=1100G, u-62°G P/P.=1/3, and
‘t=1/Upsec. Varying Bext from 600G to 2200G dld not strong-.
" ly affect By. The T dependence of By can be approximated
by a Brillouin function with a 1T700G saturation field and
To=610°K. P/P, increased to 1/2 as T, was approached and
f_also increased with Beyt. T remained constant at 1/husec
from 190°C to 300°C but fell as T, was approached. All
oscillations seem to disappear below about .200°C, possi-
bly associated with the change of easy axis of magneti-
zation. For Fe at 270 °c, we found P/PC-O 1, Bu-3510G and
T“l/2usec. _

- Submitted by

Neil Heiman

Department  of Physics
College of Williem and Mary
Williamsburg, Virginia 23185
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Precession of Positive Muons in Nickel and Iron

M.L.G. Foy, Neil Heiman, W.J. Kossler

© College of William and Mary, Williamsburg, Virginia 23185
and

C.E. Stronach

Virginia State College, Petersburg, Virginia 23803

+ » : S
Polarized u were stopped in Ni and Fe. The
: )

magnetic fields at the site of the muons, the initial

polarization, and the depolarization time constant were '

obtained from 300°K to 700K, ie. through the Curie
,"temperature of Ni. This experiment demonstratéd that

precession of muéns stopped in.ferromégnetic‘méterial‘

can be observed and determined what the magnitude of
the internal fields are: 21500 G for Ni and 4000 G

for Fe.
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App.ITI

Ve'implanted polafized positive muons in nickel and. iron. The
magnetic féglds at the sites of the muons ( Bu ) were neasured by obser-
ving the precession of the angular'distributioh of the decay positrons.

The same data'yiéided the initial polarization (P) of the stopped muocns
and the time constént (1) of‘the slow depolarization.' Data were collected
.as a function of temperature from room temperature to 700°K so that we
observedlthe shift frém the ferromagnetic to the paramagnetic state in
‘nickel, This eﬁperiment demonstratéd for the first time that the pre-
~cession of muons stopped in ferromagnetic material can be observed and
_detérmined what.the megnitude and direction of the internai fields are.

That the muon can be a fundamentally im@ortant tool for con-

densed metter physics has recently begun to be recognized,(l) The work
X (2,3)

\

of Schenck, Crowe, énd.éoliéborators hgsfshown that the implanted
pbsitive muon behaves very much like a hydrogen nucleus, and that muon - -
studies can provide iﬁformation aﬁout lattice structure and chémical
‘reactions. The present'letter'prbvides new.évidence of the usefulness of
- implanted muéns for thé stﬁdy of metals‘and hyperfine fields. The behav-
ior of hydrogen inAmetéls is of intrinsic interest aé'onevof.the simp-

(k)

lest alloy problems. It is also a problem of considerable'technolb-

glcal importance.(S)

The behavior of the hydrogen like positive muons in
ferromagnetic metals is of additional intéfest because of the interactions
~with the magnetic medium. Implanted muoﬁs cause minimal radiation damage,
occur in infinitesimal concentration,.leave mno fesidual goﬁtamination,_
have no nuclear or quadrupole intefacéions,'and do not possess a compli-
céted ion core. Consequently the use of implanted muons can not only yield
fundamental éolid state information, but also contribﬁte to the under-

(6

'standing of radioactive ion implantation' ', particularly in.the case of
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ferromagnetic-targets.(T)‘
| The poSifive mqon‘is also an excellgnt probe from the Standpoint
of experimengal simplicity. ‘High count rates!are available with polari-
iation approaching 100%. The muon méan life (2.2 ﬁsec) is long enough for
éasy timing and short enough for high count rates. The decay positrons are
easilyAdetected and the angular distribufions of these positrons is highly
anisotropic.'AThe muon's magnetic momen; has:been determined to a few parts
per million allowing high prgciSidn méasu;ement of Bu.

We implanted positive muons from the Space Radiation Effects
Laboratory synchrocyclotron in targets:of nickel and iron.  The targets.
" could be héatea and the temperatufe monitored; The extefﬁél magnetic field
for ferromagnetiC‘targefs was supplied by an iron core electromagnet. A .
large_Héimholtz pair supplied thg field fof paramagnetic measurements.

Sciﬁtillato;s 1, 2, 3 ﬁere in'éront of the sample, 4 behind and 5
_at 900. ‘A stopped muon -signal ,defined as'a 123H;was used to start a time
to amplitude converter (TAC). A decay-pbsitron detection signal (either a
41 or’'a 51 ) stopped the TAC. The output of tﬁe TAC was fed to a pulse |
height analyzer to obtain a plot of cbunt fate vs time,

Fig. l.provides examples of data for paramagnetic nickel (at
- 670%K) and ferfomagnetic nickel (at 551°K).- Note that the time scales
differ bi about a factor of 10. The d;ta were fit to-the functioﬁ:

.' N(t) = N, exp.(.—.)\t) [1 + Pa exp(;t/r) cos(wt + ¢)] +'lBgnd

| where N; is fpr normalization, A is the muon decay rate, P is a measure of
the initial polarization, a is ﬁhe positron'anisotropy,.T is the depolar;
ization time constant, w is the angular precession frequency, ¢ is the

initial bhase angle, and Bgnd is the background. The éolid lines in Fng 1
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are the fitted function.

the

ti i : i i =
Paramagnetic nickel pesults In thle reglop B]J Bexternal’

externally applied field.  The paramagnetic Knight shift was small and - .

" significant variation of Bu with temperature was not detected. The initial

polarization P was equal to 0.8 Pc, where Pc was the initial polarization

observed in a carbon target of similar .-dimensions. Muons stopped in car-

(8)

bon are known to retain virtually 100% of their pelarization. Therefore

!
carbon is useful for calibration. The depolarization time constant T was

)
4 pysec. The parameters,Bu P, and T did not vary significantly over the
temperature range: 630%K to T05°K, (Tc~630 ®°k). There was no evidence of

muonium formation.

' Ferromagnetic nickel results: In this region we were able to

fit Bu to a Brillouin function, see Fig. 2, with a saturation field of
1550 G. The circular data points were taken with a current of 1.5 A in the

electromagent This correSponded to & field in the gap between the magnet

and target of 1100 G at room temperature. Increa51ng the field to 2200 G

or lowerlng the field to 500 G or even to zero had little effect on Bu. _In
the runs w1ﬁh nlckel below 385.K and in an external field of about 1100 G,
we were not able to detect the preceseion of the angular distribution. On
increasing the magnetic field to approximately 2200 G, we were able to
observe the preceSsion.p The square data point in Fié. 2 was obtained at
2200 G- The 1nternal field is in the same direction as the external fleld.
This was determined by notlng the relative phase of the data from the 4 and
5 detectors and also by noting that the initial phase for each detector was

maintained during the transition from paramagnetic to ferromagnetic behav-

. ior.

Fig. 3 shows the behavior of P and T. P/Pc is seen to increase
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from about 20%.at room temperature to near L40% as T, is approached. We
believe tﬁis,}s due to domain alignmént; "The solid line is a measure of
domain alignm;ht extracted by dividing the measured éermeability by the
- magnetization ‘and normalizing to P. We were unable to saturate the sample,
but increasing the ﬁagnet cu;rent from 1.5 A to 3.0 A increased P only
slightiy,'indicating that the initial polarization even at saturation may
be less in ferromagnetic than in paramagnetic nickel.
T was on the order of 0.25 u sec and appeared to increase

-slightly with increasing temperature and to drgp sharply as‘Tc was apé'

proached. The aééhed line in Fig. 3 is intended only to illustrate this
. trend. Varying Bu by changing temperéture ér.varying the externa} field

hgvthat the depolarization was

. seemed " to have little effect on T,implyi
. o e

not arising from field inhomogneity;

Ferromagnetic iron results: In the temperature fénge from room
temperature to 675°K, Buvwas observed to'ééérease from approximatei& hiOd G
to 3700 G.. P/Pc was abogt 10% and T was on the order of 0.5 u sec. It is:
intérestiné that the ratio of the field in Fe to that in Ni is.not much
different from the ratio of the magnetizations.

There.is evidence that hydrogen atoms are implanted iﬁ the
octahedral.br body-centeréd-site in-nickel.(g) It is reasonable to aséume
that the muon stops in thé same site although it mayinot be as well local-
ized due ﬁo itszsmalief mass. It is interesting ﬁo compare BU for ferro-
magnetic nickel, 1550 G, to a number of possible contributions. Because
éf the site symmetry, the classical dipolar field due to the nickel ions is
zero, Further due to sample geometry, the demagnetizing field is negli-

gible. The hyperfine field at the muon in free muonium is on the order of

. 300,000 G. The Lorentz field UmM/3 for nickel is about 2800 G, nearly

o
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doutle B ./ The contributions to Bu from core polarization and conduction

¢
!

electron pblarization cannot be estimated using conventional techniques
(10 1) because the muon does not possess a core in the usual sense and
its interstitial- location makes extrapolation’of conduction electron
polarization?from previously existing data questionable. Nevertheless the
"major contribution'to the internal field shogld arise from the Fermi

" contact interaction withithe conduction electrons, provided the muon
exists as a ﬁonmsgnetic impurity. Except for unusual circumstances
hyé:ogenflike impurities in metals should be nonmagnetic and in fact the
present result that Bu follows the host magnetization confirms the non- -

(12,13) Under these conditions,

(lh)

magnetic character of the implanted muon.

| one can approx1mate the conduction electron contrlbutlon to Bu by

u =(16n/3)uB 59‘0)

where Gp(o) is the net spin density at the muon. If we neglect other con- o
trlbutions, the observed Bu of 1550 G 1mplies a net spin density of ap- .
prox1mate1y 0.5% of that of the free muon. If we include the Lorentz

field, the spin density is of the same order but of opposite sign. The -

smallness of this numbor may well reficct a cancellation betweenbthe s and

d contributions to 8p(o) at the interstitial'sitc. In fact Friedel(h)
.shows that the electronic deosity attracted to an interstitial hydrogen
nucieus is roughly similar to that of a hydrogen atom in vacuum, and he
 shows. further that the screening in transition metal hosts is primarily

| by.d electrons, although the.s electron contribution is not negligible. It
seems clear that the problem of calcuiating fhe field at the muon site
lacks many of the obscuring complications associated with other implanted

impurities and therefore provides a sensitive and intrinsically interesting

test for the theory of internal fields.
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The present experimént vas performed with a parasite beam, neces-—

 sitating large targets (20 x 20 x 1 cm). The experiment will be continued

shortly using\the prime muon beam. The improved beam will allow us to use

much smaller targets. We can then obtain much more intense and homogeneous

magnetic fields and & more uniform sample temperature. Such circumstances
will permit more accurate measurements near.Tc and in the paramagnetic
region and will allow us to magnetipallj satﬁrafe our samples. From these
impfoved data we should be able to obgerve'critical behavior”near Tc' Im-
pr9ved examination of the temperature dependence of T should help determine
the depolarization mechanism, and accurate measurement of the temperature -

dependenée of the paramagnetic Knight shift should help determine the rela-

tive 4 and s electron contribution to screening charge. Finally by magnet-

ically saturating our targets we can determine the true fast dépolarization
and exsmine the apparent shielding of the external field from the muon

site.
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Figure Captions

|
Fig. 1, Data for paramegnetic nickel at about 6TOOK and ferromagnetic
nickel at 551°K."Note that time scales differ by a factor of 10.
Fig. 2. Bﬁ as a function of temperature. Circular data points were
obtained with 1.5 amperes in the electromagnet. The square data point

!
was taken at room temperature with 3.0 amperes.

Fig. 3. Initial polarization P and depolarization time constant T as -
functions of temperature. The solid line is a measure of domain align-
ment: the measured sample permeability divided by Bu. The dashed line

is only to guide the eye. |
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VSC Physicists Conduct
NASA Research Pm;ecas

PETERSBURG - 'r hree
physicists at Virginia State Col-
Jege are conducting two rescarch

_projects at the NASA Space Ra-

diation Effects Laboratory -in

‘Newport News.

They are Carey E. Stronach,

* assistant professor of physics,

Leroy Jacksen, a senior physics
major from Beaufort, S. C. and
James M. C. Lin, a ‘graduate

‘student” in physics from Taipei,

Taiwan, the Republic of China.
Their first project uses muons
to probe the magnetic properties

of solid crystals in an unusual,

way. Positrons produced by de-
cay of muons are immediatcly
detected and their emissions
plotted as a function of time. An
analysis of this time plot lells

- how fast the muons were rofat-

ing and  how the = crystals

_magnetized.

The other experlment uses

4 tion- about nuclear structure.

VEC Photo

Y Stronach Ad;usts T:me Analyzer In NASA Project

pions which are ahsorbed by
nuclei, The gamma rays emitted
in the ensuing nuclear reactions
are analvzed to give oui informa-

The first experiment has
already produced new knowledge
of the magnetic structure of
nickel. Both projects were per-
formed at NASA on a 600-million
volt synchrocycletron which pro-
duceés beams of pions and
muons. The two research pro-
jects are being supported hy a
finaneigl | grant  from NASA
awarded to the physics depart-
ment at Virginia State College.

Stronach  and three other
physicists from the Callege of
William and Mary will present
the findings en the first research
project to the American Physical
Sociely, meeting in their annual
session in New York. Cxty later
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Appendix V

L waeg ) o & c/ g "
'VSC Physicisis Conauct

- NASA Reszarch Project

 PETERSBURG: — Three
physicists  at Virginia State

‘College are conducting two

rescarch projects at the NASA
Space Radiation Eifects La-
boratory in Newport News,
Va. '

They -are Carey E. Stro-
nach, assistant professor of
physics, Leroy Jackson, a sen-
jor physics major from Beau-
fort, S, C. and James M. C.
Lin, a graduate student in

" physics from Taipei, Taiwan,

{be Republic of China.
THEIR FIRST project uses

muons to probe the magne-

tic properties of solid crystals

“in an unusual way. Positions

produced by decav of muons
are immediately detected and
their emissions plotted as a
function of time. An analy-
sis of this time plot tells how
{ast the muons were rotating

.and how the erystals magne-

tized. )
. . The other experiment uses,

‘ pions which are absorbed by

2 A 4 9 .
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1

nuclei. The gamma rays emit-
ted in the ensuing nucleari -
reactions are analyzed to give ‘ :
out information about nuciear ;
structure. %

THE FIRST experiment has .
already produced new know- -
ledge of the magnetic struc-:
ture. of nickle. Both projects.
were performed at NASA on R
a 600 million volt synchro-¥ -
cvclotron  which produces =
beams of pions and muons.; -
The two research projects are !
Leing supported bv a firan- i~
cial grant from NASA award- [
ed to the physics department
at Virginia State College.

3

Nickel Target Precission Experiment .

Stronach and thres cther Leroy Jackson (left), from Beaufort, S. C. and James
phy:s}_ciﬁs from the  Coilege 44 (. Lin, from Taipei, Taiwan, the Republic of Chir3,
of William and Mary, M.L.G. , e s . the nickel
v, Neil Heiman and W, J., poth students & Virginia State College, prepare e B/
Kossler, will present ihe find. tavget for a muon preciision experiment as part of a xe-
ings on the first research pro- . ‘
ject to the American Physi‘

search project.

. The project.is being conducted by them under the su-
cal Society. meeting in their pervision oi their VSC physics: professar, Carey E. Stron:
annual - session in New Yorl zch, at the NASA Space Tadiation Effects Laboratory iz
City in January of 1973. . Newport News, Va. (VSC Photo by Sironach)



