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A H[GI-I INTENSnV MUON BEAM AT NAl 

l. Mo 
Uni vers i ty of Chi cago 

r. Introducti on 

Historically, the ele~tron scattering experiments have provided us 

with a ~reat deal of knowl edge on the structure of protons and neutrons. 

As the energy required is increasing, the muon beams at the high energy 

proton accelerators become the natural substitutes for the expensive 

electron accelerators. For example, HAL has a 200 GeV muon beam now 

operating. When the machine operates at 1 TeV in the future, this muon 

beam should have the capability of operating at an enera,Y equal or qreater 

than 1/2 TeV. 

The present muon beam intensity at NAL is weak. It is useful for 

the study of the photon-fragmentation region, \~here the values of q2 are 

relatively low and the values of", are large, in muon-nucleon scatterinas. 

But ; tis inadequate for the study of the parton-fragmentation reQ1 on I 

where the q~ va 1ues are hi gh and the "' val up.s are sma 11; new phys1 cs 

phenomena are exrec ted to oecu r there. A new h19h enel"qy and hi qh 1ntens i ty 

muon beam at NAl ~an be just ifi ed wi HI good physics argument, and such a 

beam can be constructed with exped; ency and economy. Also. it can take 

care of the immediate as we' 1 as the future needs. 

In this note, effort is made to present a DIan On the desiqn of a 

0.6 TeV, high intensity muon beam. This plan has been the prodLJct of many 

lnvestinatlons, conducted by many members of the Summer Study group as 

well as those who dfd not attend. tn the appendix, descriptions are given 

on the pas t and the present muon beam at NAL; and a 150 I its confl i ct 

wi th the neu tri no beam expe ri men ts . It is hopeful tha t th i s documen t 

could help those who are interested in this problem. 

[I� The Nelol Muon Beam 

The new muon beam is designed with the following aims in mind: 

1 .� The beam has no interference wi th the neutri no experiments ~ 

2.� The beam goes to the present HLJon Laboratory where two major ~uon 

Facilities are located; 

3.� The beam has the capabil ity of 0.6 TeV or above: and 
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4. The ;./p ratio is of the order of 10- 5 or better to satisfy the 

requirement in doing high q} muon-nucleon scatterinq exDerirnents. 

These goals can be achi eved by the use of a seoara te proton beam a nd a 

FODO channe 1 of reri adi c auadruool e latti ce structure. Such a sys tern 

at NAL has been cons i dered at vari aus aecas ions by Toahi g, Tenjl, and 

Skuja* . The present D1an, as agreed upon by mast members of the Summer 

Study group wha are working in this area, is oescribed as fonaws: 

A. The Proton Ream Line 

The separate rroton beam needed by the new muon beam is 

shown in Fi gure 1. It WilS designed by Teng. Thi s beam requi res 

the followi ng elements: 

2 Electrostatic splitters (10' each) 

4 Lambertson magnets (lO' each) 

42 EPB Dipoles (lO' each) 

to bend the proton beam 26 I (or more) away from the present 

neutrino beam. Also, it requires a few quadrupoles to focus 

the proton onto the production target; and a few more dipoles 

to change the beam elevation. The distance between the final 

proton beam line and the neutrino beam line 1s neQotiable. 

It pure1y depends on the can ven 1ence of COnS t ruc t 1on (e. Cl. in ter­

ference wi th the underg round util 1t 1es ); 0 r the nep.d (or nO t) 

of bend1ng stations for the muon momentum analysis. It is 

important to noti ce that th 1s proton beam 1i ne has the capabi li­

ty of handl i ng 1 TeV. 

8. The Muon Beam Line 

The muon beam line is shown schematically in Figure 2. 

The IOilgnet arrangement 1s listed in Table 1. After the produc­

tion target. a quadrupole triplet matches the beam into a long 

FCIXl channel. Then a quadrupole triplet focuses the beam at 

a hadron absorber wh1 ch removes all the hadrons. A cross-over 

focus at this point ;s necessary to minimize the effect of 

multiple scatterinq. The cross-over an~le produced here 15 

See T. E. Toohi9, UCID 10180, 2DD BeV Accelerator Studies, Aprll,1966 
(Vol. 1, page 409); L. C. Ten9, NAL 1969 SUJllller Study (VoL 1, page 297); 
A. Skuja. Design Study of High Intensity Muon Beams at NAL, June, 1973 

- (unpublished internal report of Oxford and Experiment 98 at NAL) 
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cancelled by a doublet. The last Quadrupole doublet focuses the 

beam onto the experi m~nta1 target. The di PO 1e befor-e the tar-get 

is used to di SDerSe the muon momentum for taooi nn DUrOQSes. 

The FODO channel cons i s ts of th i rteen 30120' s, soaced 

16~' apart. \·Ii th thi s arranoe!'lent, thi schanne1 ha s a momentum 

acceptance of approximately 20% as shown in Figure 3. As a pion 

decays, the momentum of the product muon lies within a band of 

',-40%. Therefore, approximatelY half of the muons produced alonQ 

the decay path of pions will be accepted by the system; and the 

ha 10 is not expected to be excess ive even though no di PO 1es are 

used in this design for momentum analysis. This will be 

calculated. The halos can be eliminated by properly posi­

ti oned spoi 1er magnets. 

At 100 GeV. the characteri sti c pi on product ion angle is 

about 1 mr, and the maximum muon ang1e is about 0.3 mr. The 

:./p ratio for 100 GeV muons produced by 200 lieV protons imping­

i ng onto a 1 Interact1 on length target is estima ted by Skuja 

to be ",10- 5 • For higher energies. this system shOUld work 

better because both the production anale and the decay angle 

become sma 11 er. The system is 1imited to 0.6 TeV only by the 

capacity of the 3Q120's. Also, the total number of ouadrupoles 

is not a very criti cal factor. 

This muon beam should have a small heam spot size (less 

than 2" di a.) at the experimental tarqet. It is Inva 1uab 1e 

in doing spin-dependence studies with a polarized proton target. 

C. Halo Elimination anc! Muon DUIIlp1ng 

Most of the unwanted muon halos can be eliminated at the 

beginning and the end of the FODO channel by spoiler magnets 

which bend the particles dClWnward into the earth. After the 

I~uon La boratory, the muon beam shou1d a1so be dumped into the 

earth because the [lresent muon b!!ml f s only good UP to 280 GeV. 

He believe the plan presented above is a sound, and workable 

one. Tedious calculations on questions such as halos, number of 

muons as a functi on of energy, etc., can be done in the near 

future. The final detailed arranflement can be worked out by NAl. 

Our main concern here is the general !llan. not the exact details. 
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TABLE 1 

List of ~lagnet Arrangement 

Element Length (ft.) Field Gradient (at 100 r,eV/c, KG/in) 

Dd ft space 30� 

Quad (2) 10 each -Loon� 

Drift space 30� 

Quad (2) 10 each 1.090� 

Dri ft space 30� 

Quad (2) 10 each -0.705� 

Drl ft space 164� 

FOOQ (13 quads. spaced 164' apart) -0.755� 

Target� 

Drift space 164� 

Quad (2) 10 each 1.000� 

Dr1 ft space 10� 

Quad (2) 10 each -1.658� 

Or1 ft space 10� 

~uad (2) 10 1.358� 

Drift space 300� 

Quad (2) 10 each 0.872� 

Drift space 20� 

Quad (2) 10 each n.796� 

Dri ft space 100� 

Dipole (3) 20 each 3.1)00� 

Dri ft space 100� 
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In this appendix, the initial and the present muon beam at NAL, and also 

its confl i ct with the neutri no exper-i men ts are $ UI1lIIa r-i zed. 

1.� The Initial Muon Beam 

The layout of the initial NAL muon is shown in Figure 4. Its optics 

are demonstrated schemat1cal1y in Figure 5. This beam was designed by 

T. Vamanouchi, and it was meant to be a by-product of the neutrinG beam. 

The ~/p ratio of this beam was experimentally determined to be 

5 ~ 10-g
, The trouble lies in the fact that the first focus1n9 element 

(two 10' long 3Q120's) was located ",1900' away from the productfon target. 

Most of the muons wer-e lost at apertures defined by magnets located at 

Enclosure lOa, which was the end of the decay pipe, because of the large 

beam' divergence. 

2. The Present Mark II Muon Beam 

The possible improvement of the HAL muon beam has bee worked on by 

many people; partiCUlarly R. Stefanski and L. C. Teng of NAL. L Hand of 

Experf men t 26 .and l. Verhey of Experiment 98. 

The Mark II muon beam optics are shown schematically in Figure 6. 

A 5" quadrupole doublet 1s added at the 1400' posHion (Enclosure 11)0). 

and the dipole apertures are enlarged from 2" x 4" to 4" X 4". With 

these improvements fn geometric factors, the f.J/p ratio is expected to be 

,,2 X 10- 7 • Before the end of this SUrllller Study, there were already 105 

,muons� per pulse seen in the Muon Laboratory. 

Without waiting for the long-range beam to come, the Mark II beam 

can be improved further right away by: 

a.� Replacing the dichromatic neutrino trainload with a triplet 

quadrupole trainload; 

b.� Adding one quadrupole doublet at ",300' before the end of thl" 

decay~pf pe; and 

c.� Adding more power to the area, or usinq super-conducting 

dipoles to Increase the beamline capability to 300 GeV. 

These short-term improvements, together wi th th~ 1ncrease in accel­

erator beam intensity in the foreseable future, could push the muon beam 

intensity up to the level of lOh per pulse. 
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3.� Conf' i cts Between Muon and Neutri no Experiments 

At the present time there are two muon and three neutrino exoeriments 

at NAL, a 11 sha ri ng the same target and decay pi pe. There are the fo 11 ow­

i ng ser; ous conf1 i cts: 

a.� For the long-term p1anni"l:l, the neutri no experiments I.i sh to 

elongate the decay-oipe by apprOXimately another 1,1100'. This 

will not only pre-empt the existence of the oresent muon b"'am, 

but may pre-empt the use of the present Muon Laboratory. 

b .� The na rrow~ ba nd neu tr i no requ 1rement eu ts down the muon i ntens Hy 

and energy seri OUS 1Y. 

c.� The 100 115ec beam soill !Jenera ted by the neutri no horn makes 

the muon expel" i ments i mpos sib1e. 

d.� The frequent changing of target trainload seriously Clits down 

the experimental data-taking time. The net result is the 

ineffi dent use of the precious hi gh-energy protons. 
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Figure I� I TeV Proton Beam for the New Muon Beam 
(Designed by L. C. Teng) 
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Figure 3 Relative momentum acceptance of 
the 0.6 TeV Muon Beam 
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Figure 4 Schematic layout of NAL muon beam 
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