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It is well known that charged particles emit bremsstrablung radiation when they
are accelerated. Classical electron bremsstrahlong oceurs when a photon is ennt
tedd by an electron aceelerated in the field of a nuelecs. The hremsstrahlung pro
cess also occurs in the scattering of nucleons, for which it is the lowest energy
iieclastic process that can occur, Like electron bremssteahlung, nucleon nueleon
bremsstrahlung also requicss the exchange of a virtual particle to conserve energy
and momentum, In electron bremssteahlung a virtual photon is exchanged bt
with two nucleons a meson can be exchanged, Unli%e electron bremsstrahlung,
in hueleon nueleon bremsstralilung the photon can originate from the exchanged
meson, This exchange contribution has heen shown in caleulitions to be a signifi
cant fraction of bremsstrahlung events, Thus bremisstrahling serves as a probe of
exchange currents in the nucleon nueleon interaction. Beeanse of a lack of a fee
nevtron target or an intense neatron bean, few measarements ol aeutron proton
bremsstrahlong exist, each having poor statistical acearacy and pooe enegy reso
Fition. The white neairon source at the Weapons Neatron Beseareh (SWNR ) target
area ot the Los Alamos Meson Physies Facilty (LANMPE Y prodaces uentrons with
energies from below 50 ta above 100 MeV, Uding time of Hlight technigues aud a
ligatied hvdrogen target, we are measuring the ontgoing photons of energies up to
250 Me'Voat gannma ray angles of around 90 relative to the incpedent beam, Miotons
seattered nt very forward anples are also detected in comncnlence with the gamma
1oy .

1. INTRODUCTION

Nudlean nueleon bremestiahilung is o fundamental process that anvolves the emireion of
acaunna say durmg the nnddeon nocleon strong, imteraction  Tnan melastie collision of 1wo
nieleons, a photon is the only particle which can he prodoced at the lowest ieudent energies,
Lhe phaton may orginate from the accelerated proton. 1 can alao oneate from the e
son exchanged hetween the nucleans partienlary b the aneson e charged, Neutron proton
bremsstrahlune ¢ NPR)Y ismote probable than proton proton lenestrahlone (PP PPR m
Jowest onder does ol allow 21 radiation amd the contalation froan meson exehanpe oo small
NI'B s predominantty dipode, and meson exchange s cadonlated to contabate sigmficantly 1o



Scattered protons are detected in an array of 16 phoswich detectors X oin the plane of the
gamma-ray telescopes. The detectors are arranged in 2 rows of -1 on either side of the heam,
spanning angles from 8 to 10" degrees. Each is 60 em from the target and subtends an angle
of 8°, Each phoswich detector is an £ AE telescope: a 3 mm thick AF scintillator aptically
coupled to n 26.7 em thick seintillator with a photomultiplier tube mounted on the back e,
The thin plastic has a Fast response while the thick seintillator has a lnge decay constant.
Short and long gates are set on the output signal to permit particle idemtification.

A hardware event trigger consists of simmnltancous signals frow o Ra Fa, o plastic seintillator,
and a Va/l element in a gomima ray telescope, These st ocenr within a resolving tinge of
100 nxee and within a 2206 nsee gate after the beam burst. Sharp coincidences (10 nser)
between elements are deternined in off line analysis. The time of fight and pulse height
signals from all proton and gamma ray clemeats are stored in memories and read into the
VAX computer only after cach macropulse. Deadtime is approxinately 36,

3. RESULTS

At present we are still taking data and the results presented here must be conspdeced
preliminary. Relative gamma ray production rates for nentrons of incident energies 138, 208,
200 331, and A0 MeV are plotted as a function of gamma ray enerey in figure 30 Phese rates
are for just one of the telescopes at 30° and represent 21 hours of rinnme, mehuding tareet in
and tareget ont, and are less than 5% of the total inclusive data taken, Time idependent
background has been subtracted, as well as empty target data, Farget ont rates are i general
B0% ol the target-in rates,  The resulting statistical ervors are approxmnately 80 for the
neutron bins and gamma:ray energy bins. Count rates have heen normalbized 1o the sine
number of incident neutrons per neatron bin,

These count rates can be converted to NPB cross sections usiog the measuared nention tlx,
target thickness, and detector etliciency and solid angle. We have caloalated the eflicieney of
the gamuma ray telescopes using the code EGS 100 but plan to measare it for confinmation,

The vate of gamma ray production elearly rises for nentrons above the ' production
thresholidl due to both 2 decay into two photons and the lugh ratio of 1 production 1o NPB
Crosa section,

Measnrements of ditferential eross sections for ontgoing photons aned protons in coincidener
will provide more stringent tests of NP calealations than will inclusive cross sections, These
tmeasnrements will also reduce background due to 2" production at the ligher incident energies,
hecnuse lor a given proton energy only a certain g@annma ray energy is sienatically: permissible
Lo NP We have only a lew days ol preluninary data on v p oomeidences, T hese resalt .
will he treated in a \||'lhl'l|lll'||| [Parprer.
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Figure 1. Nentron proton biemsstrabhlung experimental apparatns.

Ficwe 20 Ao NI'B ganuna-ray telescope.

Ficure 3. Count rate ol gamma rays at 907 ax o [unction of wamma ray and incident
nentron energy. Uonnts per neutron bin are normalized 10 2.5 - 103" incident neatrons, The

logarithin of the resulting number is plofted.
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