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PHYSICS WITH LOW TEMPERATURE ANTIPROTONS

Michael V. Hynes
Los Klamos National bboratory

LOS Alamos, NM 87545

ABSTRACT.—

The nrlvent of the new beam cooling techniques nnd their application to
antiprotnn prodllction hw alreitdy made pnssihle major advances in high energy
phvsics. ‘rtlt?sl? same t~r.hniqlles offer uniqu?]y excitin~ posslhilities for
ultralnw ener~y physics. Through a comhinatlon of d~celeratfon stap,cs,
anttprotons produced at several GeV ~wh~re the production cross section 1s ~t n
maximum) can he made avnilable for experiments at thermal velocitieti. iIi Eh
prccjsion measurements of the antfproton nlilSS and ma~nettr momcrlt can lw
perform(~ii. Comp;lrison of these mensuremcnts With thgsv for th(’ proton wII1
test tllc CPT invnrtance of internfil haryon dynarnic~ nt nn unprrcedcnterl lcv(~l.
Tn adclitl(]n thtl Rravitattonnl constant for nilt’tmilt,tor c~n ho mensllrecl fnr LI1(*
first timr, nncl to hl}:h nccuracy. Fltrh of thrso me:l:;urrm~llts will provtdr vrry
impnrlnnt fnformilttoli on th~ dyn~miral symmetry befw(~t~n mntter nnd nntfm;ltt~r
in mlr unlvers~~. Antlprn-onfi at thrrmal Wlnrl ftps Will nlso m:!k.(1 tllrs(’
fllnfinmrnt;ll pnrLiclc~ nv;l l;:hle for expcrimpnts 111 c(ln(!cnsr(l rnilltt~r 311(1 fltnmlr

pllysfrfi. TIIr rerrnl EpO(SIII;lt 10n ttlnl llntfprnton~ mnv frrm m~tnsl;lhl(m ~[:~f(ts III
R(lmr form’: nf normi-11 mattrr cOIIl(! op(,Il mnny n(~w ;IVPIIII(SS of b~lsi(- Jlll(l Jllll)l [(,~1
rent’nr(.11.
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1. Introduction

In coll&boration with groups from Texas A h M, Rice University, and UCLA,

several of us at Los Alamos have keen studying the experimental aspecLs of

implementing the gravitational mass measurement of the antiproton originally

‘) The basic approachdiscussed by Goldman and Nieto. In this experiment

involves a time of flight (TOF) measurement where the antiproton is launched

either up or down in a gravitational field. Such an approach is jn analogy to

that used by Witteborn and Fairbank 2) for the electron measurement. In order

to bring the TOF distance and timing into an experimentally tractable ran~e,

very low antiprotoc energies (velocities) are required. Indeed these energies

are better de~cribed in terms of degrees Keivin rather than !.n electron volts.

me srale for these energies and how they relate to the physics and

experimental eauipmnt used at other energies is displayed in Fig. 1. The

thermometer shown in the figure is calibrated in electron volts down the left

hand eide with

I%e physics of

whereas on the

the corresponding temperature in degreee

interest is schematically indicated on

left , the experiment~l equipment u~ed is

Kelvin on the right.

the right hand side

listed. The realm of

hi~h energy physics is somewhat arbitrarily indicated to start &t ln]4 ‘K (Inln

16 OK (1012 ev).eV) and extend upward witho~lt limit thr[l ]Cl Tne SPS for

2 7 x 10’5 0InGtance operat~~ at - . K (2.5 x 1011 eV). Normal 1.EAR operations

span the temperatures between 1.5 x lft 13 - 5.8 x 10 10 ‘K (1.3 @V - 5 MeV) with

some I.lck. On the I]ppcr end of this ranR@ the 1;, experiment runs with all th~

Rt13p experiments at the lower end. As shown in thr figur(’, ~ntlprnton

temperatures in the ranqr of 1 - 10 ‘K are required for tht= gr:lvity exprr!mrnto

In order to m-hfevc t!)is nntiproton temporat[lrv wr urc pr(]posin~ tn INII 1(1 nn
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presumed to be available from LEAR. For energies substantially more than this

(> 5 WV),. a small drift tube linac may be required. The RFQ will decelerate

the antiprotons to approximately 100 keV with very liitle (< 10%) errlttance

&rowth. me lowest anergy available from the RFQ is still being studied. The

100 keV output energy was chosen to Illustrate the use of an energy shifting

cavity located after the RFQ. This device

of the beam energy hy as much as ? 80 keV.

be -de available. A debunching cavity

eui:able drift length to once again rotate

the best en?rgy resolution. For example,

allows for a continuous adjustment

7%US beams between 20 - 180 keV can

follows ~he energy shifter at a

the output phase ellipse to achieve

at 20 keV the beam energy spread

would be t 0.5 ke\7. As shown in the fi~ure, the beam now can be used dir~’rtly

for experiments. The RF mass spectrometer experiment which will measure the ~

inertial mass to I x 10-9 could use this beam. Many of the stop experiments

could eliminate their degrader foils using this new beam as well. (3TI the other

hand, the hcam can be transported to our planned

redllctton. Using an ton trap in such a .:apacity

measurement) has been discussed by the groups from

In our ion trap scheme, we envision usln~ a

ion trap for further energy

(and indeed for the gravity

PisFI and Ck?noa.4)

large, possibly cylindrical,
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voltage as the rear electrode. The beam burst will now also turn around ●t the

front electrode and is thug trapped. Fast rise time, high voltage pulsers have

6) Which degigns can bc readilybeen built at Los Alamos for other applications.

adapted to an ion trap application. The trap ~ssembly can now be lowered in

voltage adiabatically to normal ground potential. Additional cooling using

resistive damping of hage currents 7) and electron coolfng 8) can be used to

further reduce the antiproton temperature. Subsequently, Lhe antiprotons will

be n,oved to an “harmonic trap” at cryogenic temperatures for further cooling.

This whole process may take several tens of minutes after which another burst

cmn he caught, cooled .nd added to the previous cooled burst(s) in the trap.

in a fqst extraction mode 107 to 108 ~’s could be in each burst. Thus in e day

lo]n ;’s could he stored in the trap at low temperatures, ready for

experiments. ThP rnld antlprotons can be launchcrl, one or several at a time

nncl he transported to the experiment at hand or experiments using the

antiprotons in the trap as a target can be performed.

TWO ion trap limitations need to be considered in desi~ning experiments

for Buch a system. Firstiy, the number density of antiprotons is limited by a

space-charge-like effect which leads to radial decunfinement in the trap and

9) Becausesubsequent ~ 10sS. the magnetic field is the source of radial

confinement in the rraps we envision, the limit to the number density is a

function only of this field as shown in FiR. 4. The fields we plan usinp in

our tri+ps will be between 5 and 6 Tesla where lclo ~’s/cm3 can be safely

stored. Secondly, collisions with residual gas molecules in the trap will lead

to a fixed 10ss rnte. The experimental execution time combined with this 10SS

rate sct~ the vacullm required in trap. To estimate this loss rate, th~ cross

s,’ctions from Rrf. (10) Ior F + H annihilation can b used. The results of

tl~i~ estlmat~l ~re fihown ~,i FIR. 5, wl~~~re conto~lrs of cunstnct annihilation rate

‘11
10 I I I I I I I I I 1 m a

n
m
I
E
v
c

I
.

10 UiSTABLE \

T
n\

10

9“ ~-l

1 2 3 4 5 6

B(TESLA)



-6-

are plotted as a function of antiproton temperature and regidual gas pressure.

’15 Torr and temperature of about 10°K are required toPressures better than 10

keep the loss rate below 10-6 ‘l.6ec This vacuum requirement may seem extreme

but the storage trap we envision will be at liquid helium temperatures or

better ( 4°K) . At such cryogenic temperatures residual gas molecules are

simply frozen out on the walls of the cooler container. The only thing left is

helium vapor which can be readily pumped asing a super cooled adsorption

’15 Torr can be obtained usingeurface. Vacuums considerably better than 10

cryogenic techniques. Loss rates can thus be enormously reduced.

111. Experimental Possibilities

Originally our Interest in low temperature antiprotons arose from our

plans for a gravitational mas~ experiment. In designing a system to achieve an

antiprotol~ temperature approl (late for this measuvernent it became obvious that

many other experimental possibilities could be opened in atomic physics,

chemical physics, condensed matter and solid state.

In atomic physics for example, many

could he carried out using the ion trap

antiprotons. One can

vacuum isolation line

pressure. To have one

envision ejecting

into a gas cell

interaction length

of the experiments planned for ELENA

as a aourcz or a tarRet of thermal

the thermal antiprotons down a long

or polarized gas jet at very low

of gas will require approximately 0.3

Torr press~res (assuming u = 10 -16 cm2). Such low pressures are completely

iree of Stark mixing effects and one an imagine now usin~ the Stark mixin~

effects as a possfble prohe of chemfcal and molecular dynamics as onc increases

the pressures involved. There are also some very excitin~ possibilities for

ohtaininp, a polarized beam of antiprotons usinF, the ion trap as a fiource.

In conden6ed matter physics, ions have been u~ecl as a probe of superfluid

dynamics. ll) Anciprotons are a unique cllargecl ion with very diffvrent dynamics

than normal matter ~on~. Their interact~onfi in a s(!perfluid may reveal some

interesting surprises. This last speculation is driven by tl~e fart that atomic

scale barriers of - 1.0 eV and - 1 A JP2ri to vf’ry small harrit’r penetration

coefflcientE. The res~llts for a barrier p(.net riltt(l[l Ctilctllnt[nn for

antiprotons are shown in FiE. 6. In tllr fi~~lri. tht’ transmission t-orff[rlenr

(T) in plotted vcrslls the Ixtrrier width (a) in An\:stroms for ~cv~rill harrier

hvi~ht~ (Vo). The nntiprntrJn PnrrRleE crt’ R190 indirntt’rl. With Ellcll filml!l

trttnfimir?nlon prohnhilitir~ on nn atomic Hcnle thcrr m~y exist. m~t:l-nt:lhlr

ntatefi of nntiprotonki In normal mntter. Thv prinriplr rrafinn fnr tlIr HIII.111

tr:in~mlqsion coefficients for al]tiprntnnfi is L-IIIVto thrlr m~~.s. Thll!; lll’Fhnt [ V(’

muone or other neRntively charRed pnrf Irles (Ilot electrons) or 1OWIII- mnss WI1 I

not exhibit the mcta-stnhlr HtntP hrllavior.
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Conclusion and Summa:y

In order to execute the gravitational mass experiment for the antiprnton

low temperature ~’s will b required. Tne beam line system we er,vision

for achieving these temperatures can make antiprotons available at a wide

variety nf low energies. Extending the operating band of energies available at

LEAR to very low energies opens many new experimental poasibillties in addition

to the gravity

1. T. Goldman

me~surement.
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