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Abstract 
Final design of the 2.3 GeV/c lead beam K2 i s given. The K2 beam starts 

from the production target In slow extracted beam. Momentum range i s 1 GeV/c 
through 2.3 GeV/c. Nominal total beam length i s 27.9 m and solid-angle 
momentum acceptance i s 6.25 msrZAP/P. Using a platinum target of diameter 3 « 
and length 6 cm, 2.0 GeV/c beam fluxes of 1.0"* ID K and 5 . i , V 1 0 K~ per 

12 - '— 
10 13 GeV/cIncident protons are expected a t the f inal focus. 



1. Introduction 
About two years ago, it was settled to construct two low energy separated 

beam lines, K2 and K3, as tbe first two secondary beams from tbe slow extracted 
proton beam EP2, and prerlratnaly design has been studied . 

A slow spill primary proton beam (EP2) Is extracted from tbe long straight 
section III-2F of the KEK 12 GeV P.S. by a half integer resonant extraction 

2) method . After travelling through a matching section, the primary proton 
beam is splitted vertically by the three way splitting system, which consists 
of an electrostatic splitter and two Lambertson type magnets. Ibe details 

3) 
of the system are reported elsewhere . One of the splitted beam is trans
ported to the production target of the K2 beam line, and another to that of 
the R3. The last one is transported to the target for experiments which use 
the primary protons directly '. The layout of the slow extracted proton 
beam lines and the secondary beam lines in the counter experimental hall are 
shown in fig. 1. The K3 beam is Intended to provide kaons and antiprotons 
with a momentum below 1 GeV/c, and has a large acceptance of 7.2 msr . 
The K2 beam is designed to transport the well separated kaons and 
antiprotons with momentum 1 ~ 2.3 GeV/c to its experimental targets. Since 
the first experiment which is to use the K2 utilizes a large acceptance multi-
particle spectrometer (TELAS) with a frozen spin polarized target Inside it , 
The special attentions are paid for the mass separation and the beam size at 
tbe target. A branch of K2 named K2-B has been studied by reversing the 
deflection angle at B2. It will be available for some experiments in spite 
of the dispersive beam at tbe final focus. In this report, we present the 
final design of tbe K2 beam In detail and K2-B briefly. The beam characteristics 
for both modes of operation are listed in table 1. Beam optics is discussed 
In section 2. Monte-Carlo simulations are presented in section 3. Tbe conclud
ing, statements are contained, in section 4. .. 

2. Beam Optics 



2-1. Beam elements and operation 
The physical layout of the beam is shown in fig. 2, and the parameters 

of the beam elements are shown in table 2. The two rectangular bending magnets 
are labelled Bl and B2 respectively and the seven quadrupole magnets are 
labelled Ql to Q7 as shown in fig. 2. A sextupole magnet is labelled SEXT 
and a steering magnet is labelled SH. A new type electrostatic separator 
has been developed in KEK , and now it is available. This 6 m separator 
labelled SEP is provided for the mass separation with the two correction 
magnets CM1 and CH2 placed at up and down stream of it. The design high voltage 
is 750 kV between 10 cm gap. Three focus points are in this line. FX is 
the horizontal focus at the end of SEXT and F2 is the vertical focus placed 
at 2.5 m behind Q4 (17.8 m from the target). FF is the final horizontal 
and vertical focus located at the experimental target in the spectrometer. 
Momentum slit is placed at Fl and mass slit is placed at F2. 

Refering to fig. 2, primary protons are incident upon the target placed 
at the 10 cm upstream to the entrance of 31. The central production angle of 
the secondary beam is 0°. The secondary beam receives the 23.0° appilar de
flection by Bl, and is separated from the primary beam. Ql and Q2 focus the 
beam at Fl norizontaly and make it parallel vertically through the electro
static separator. The electrostatic separator deflects the particles vertically 
depending on the velocity of the particles. This angular deflection is 
canceled for the wanted particles by CHI and CM2. The momentum slit at Fl 
defines the momentum bite of the beam, A sextupole magnet is provided to 
cancel the second order chromatic aberrations and to make the vertical beam 
size at the mass slit minimum. Quadrupole doublet, Q3 and Q4> focuses the 
beam vertically on F2, where tbe mass slit is installed. Opening width at 
the/-center.of the mass slit invariable. jOptlmfRlrig thê  strengths of Q3» 
Q4, Q5 and B2, spatial dispersion and angular dispersion vanish at final 
focus; beam sizes through Q6, Q7 and at the final focus^(FFV are minimized 
in consequence. The Q6-Q7 doublet brings the beam to the final focus 



which is nominally choseu 3 m downstream of the Q7 exit face. The strength 
of SM is adjusted in order to cancel the additional bend of the beam by the 
fringing field of the. spectrometer magnet. In K2-B mode operation, the bending 
magnet B2 is excited in reversed polarity. The quadrupole doublet Q6-Q7 is 
re-arranged along the reversely deflected line. 

2-2. First order optics 
First and second order beam optics was calculated with the computer 

8} 
program TRANSPORT . At any specified position in the system an arbitrary 
charged particle is represented by a vector (single column matrix) X, whose 
components are the positions, angles and momentum of the particle with respect 
to the reference trajectory, i.e. 

X ' 
y 
y' 
£ 

lAP/pi 
where x and y are horizontal and vertical displacements, x* and y 1 are horizon
tal and vertical angular divergences and AP/P is the fractional momentum 
deviation of the central ray from the assumed momentum P. & is the path 
difference between arbitrary ray and the central trajectry. 

To first order, a square matrix R describes the action of the beam 
elements. Thus the passage of charged particle through the system may be 
represented by the equation 

X = R - Xo , 
where XQ is the initial coordinate vector and X is the final'coordinate vector 
of the particle. R is the matrix of the system elements.. In KZ beam design, 
the strengths,of the quadrupoles Ql through Q7 are calculated as the result of 
fitting the values of the specif led matrix elements to desired conditions,' 



namely, 
point to pararell transformation: [y'/y'fl] « 0 through SEP, 
point to point Imaging: [x /X'Q] = 0 at Fl, 
point to point Imaging: [y /y'nj = 0 at F2, 
point to point Imaging: [x /X'Q] " ty /y'n,l = ° a t re> 

and 
achromatic beam; <x/AP/P] = [x'/AP/P] - 0 at FF. 

Figure 3 shows the first order matrix elements along the beam line, where 
Cx, S x, Dx and D ' x mean lx/xo], [x/x'ol, [x/AP/P] and [x'/AP/F], respectively. 
Cy and S y mean, [y/yol and ly/y'o], respectively. C represents the magnification 
factor when S is zero . 

The beam design-was carried out at a momentum of 2 GeV/c, xo and yn are 
0.15 cm and X'Q and y'g are SO nr and 6.5nr,respectively. Upstream to the 
mass slit, the combination of the quadrupole Is FDrDF In order to obtain 
the good mass separation . F and D mean horizontal focusing and defocusing, 
respectively. Figure 4 shows the first order matrix elements of the K2-B 
mode operation. Momentum is not recomblned because of reversed operation of B2. 

2-3. Second order optics and higher order effects 
Second order beam envelopes have been calculated with TRAHSPORT as shown 

in fig. 5. The spatial aperture of the elements are cross hatched. The 
second order chromatic aberration at the mass slit Is minimized by the sextupole 
magneto The horizontally focused beam is dispersed at the momentum silt and 
different momentum components pass through different regions of the sextupole 
as shown in fig. 6. The sextupole magnet focuses the high momenta and: de-
focuses the low momenta and then every particle Is focosed vertically at the 
mass slit. If sextupole Is turned off, the vertical envelope at the mass 
slit become loose as shown by the dashed line In fig. 5. The effects of the 
third order spherical aberrations of the quadrupole magnets are estimated by 
the modified program TURTLE and are found to be negligible small. 

-«-



3. Monte-Carlo Simulations 
The beam design has been studied further with the Monte-Carlo simulation 

121 
omputer program TURTLE . It Is th 

program and the counterpart of TBAHSPOBI. 

121 by computer program TURTLE . It Is the second order Monte-Carlo simulation 

3-1. Solid-angle momentum acceptance 
Nominally the 10000 particles are emitted from the target point at the 

initial condition of xn = 0.15 cm, yn,.» 0.15 cm, x'n » 70 mr, y*o - 8 mr, 
AF/F •» ±52, and the target length is 6 cm. At ¥1, opening width of the momentum 
slit is set 11.5 cm for the momentum bite ±3Z. Total number of particles 
which reached the FF are 3549. We can calculate'the solid-ange momentum 

12) 

acceptance as follows , 

AR • AP/P = IT • 70 mr • 8 mr • 2 x 51 AP/F • ^ | g g | 

= 6.25 msrZ AP/P . 
3-2. Hass separation 

Hasa separation i s performed by operation of the electrostatic separator. 
We treat the separator as a vertical bending magnet In DECAI TURTLE. Deflect
ing E f ie ld i s assumed 75 kV/cm. 

Tuning the separator and the correction magnets for the wanted part ic le , 
the ef fect ive angular deflection (A8) of the unwanted particles In the e lectro-

13) s tat ic separator i s given by 
A B ••• e E L t-k x i - eELCu'u - U'B) 

Pc vBw " BuJ 2(PcF ' 
where e i s charge, E i s e lectric f i e ld , L i s f i e ld length, P i s momentum and 
c i s l ight ve loc i ty . Bw and Bu are ve loc i t i e s normalized by c of the wanted 
and unwanted particles respectively, and yw and Jlu are the rest masses of the 
wanted and unwanted particles, respectively. Vertical separation. (Ay) between 
the wanted and unwanted particles a t the vert ical focus i s given'by 

Ay - f - A9 , 
where f is vertical focal length. Figure 7(a) shows the mass separations and 

-5-



vertical Images at P2 with the relative yields of 2 GeV/c n+, K + and P, and 
fig. 7(b) shows that of 1T, K" and f. 

Mass separation factor (S) Is defined by ' 

S = separation/ image size (2a) , 

where a means the standard deviation of the distribution. Hass separation 
factor between ir and K Is 0.36/0.18 at momentum 2.0 GeV/c as shown in fig. 7. 
When the* sextupole magnet is not powered, vertical images are as shown in 
fig. 7(c) for it+, ""+, and P.. Images become broad and poor mass separation 
is performed. Particle yields are calculated by the method discussed in section 
3-4. Fig. 8(a) shows the vertical phase ellipses for ir+, K + and P at P2. 
Acceptance area of the mass slit to reject ir and P sufficiently Is cross 
hatched hexagon In fig. 8(a). The beam divergence to satisfy this hexagon 
is represented by 

y' £ b/l at y = 0 
and 

y' £ (b-a)/i at y - ±a , 
where a is the half aperture at the center of the mass slit and b is the half 
aperture at the end of the mass slit and S, is the half length of the mass slit 
as shown in fig. 8(b). 

The half apertures, a and b, are settled if the half length i is deter
mined by considering the effects of the leakage through the material of the 
slit and of the scattering of the particles from the jaws of the slit. At 
2.0 CeV/c, the half apertures, a and b, to reject ir sufficiently are 1.25 mm 
and 2 mm respectively, If £ = 50 cm for brass. 

3-3. Beam" characteristics'at thV-final focus 
Beam characteristics at the final focus in the K2 mode operation are 

shown is. fig.?, theTURTLE distribution o£ x; x'.y'anay* in 2o" value and 
iP/P at FF are 0.95 cm, 25.4 mr, 6.51 cm, 3.56 mr and ±3Z AP/P. The same 
characteristics in the K2-B mode operation are shown in fig. 10. 
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3-4. Particle yields 
Particle yields transmitted through beam line are given by ' 

^ ' i - ^ •("^•P-ra-a-F. 
where d2N(0°)/dndP is the number cf particles produced at 0° from the target 
in the desired solid angle per incident proton, Aft - AF/P 1B the solid angle 
momentum acceptance, F is the momentum of the particles and r^ is the correction 
factor from integrating d2N(0°)/dndF over the predicted XQ' distribution. 
Then ra'ia the decay factor for unstable particles; 

r 2 = exp(-f) , 
where X is decay length and z is the length of the beam. The factor a is 
the targetting efficiency and F is the flux of the incident primary protons. 
The d2H(0°)/dBdP values are obtained by Sanford and Wang . That for 
antiprotons are calculated by Wang taking the kinematical reflection effect 
into consideration . The particle yields are expected 1.0 x 10 6 K +, 
5.4 x 10 s FT and 1.2 x 10 s F of the momentum 2 GeV/c per 1 0 1 Z incident protons 
of 13 GeV/c at the final focus point in K2 beam. 

4i Conclusion 
A well separated beam below 2 GeV/c was designed in this report. The 

expansion of the momentum range to 2.3 GeV/c is available for the experiments 
but it emphasizes the increasing difficulty of the mass separation because of 
Ay - F~3. The solid-angle momentum acceptance is 6.25 msrZAF/P. At the 
beam end, the beam yields at 2 GeV/c are 1 x 10° K+; S.4 x 10 5 K~ and 
1.2 x 10 5 F for 1 0 1 2 incident protons of the momentum 13 GeV/c, ir/K ratio 
with unseparated team is ISO for ir-K and this ratio is reduced to <1 at 2.0 CeV/c 
by operation of the electrostatic separator. The beam size and the divergence 
• at the final focus are minimized by the reduction of matrix elements 1 and 
D' to zero. In K2-B mode, the matrix elements D and D' are not zero at the 
final focus and also momentum bite is limited to ±1.0X by the aperture of Q7, 



but K2-B are usefull for some experiments using K and P. 
The first components of K2 should be installed next year and the first 

K2 bean should be produced several months later. 
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Beam Charac te r i s t i c s for K2 and K2-B 
V 

Momentum range 

Target 

Central production angle 

Beam length 

Solid angle acceptance 
Horizontal acceptance 
Vertical acceptance 

Momentum bite 

Solid angle momentum acceptance 

Electrostatic: separator 

Characteristics at mass slit 
Vertical magnification 
Separation(cm)/image-size(2o", cm; 

Characteristics at beam end 

K2 K2-B 
l.U - - J ue</r 

3 mm diam. 60 mm long Pt 
0° 
27.9 m 

1.02 msr 
50 mr 
6.5 mr 

±3% ±1% 
6.25 msr%Ap/P 2.10 msr%Ap/P 

Horizontal magnification 2.125 
Dispersion 0.0 
Vertical magnification 2.117 
Horizontal i-J3ge size(2o") 0.95 cm 
Vertical image size (2a) 0.51 cm 
Horizontal divergence 27 mr 
Vertical divergence 3.6 mr 

Yields expected for 1 0 1 2 PPP 
2.0 GeV/c K+ 1.0 x 10* 

5.4 x l O 5 K -

1.0 x 10* 
5.4 x l O 5 

P 1.26 x 10 

6.0 m long, 10 cm gap, 75 kV/cm 

-0.896 
0.361/0.18 0.36/0.16 

a t 2.0 GeV/c K and IT 

.1.435 

2.04 
0.43 
27.5 mr 
3.5 mr 

3.3 x 
1.8 x 
4.2 x 

10 5 

105 
10 4 

Table 1 
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ELEMENTS FOR K2 BEAM LINE 

ELEMENTS LENGTH 
[m] 

FIELD AT 
POLE 
[kG] 

APERTURE 
[cm] 

TOTAL 
LENGTH 

[m] 
TARGET 
DRIFT 0.10 0.10 
BEND: Bl 1.50 17.85356 8.0 1.60 
DRIFT 0.60 2.20 
QUAD: Ql (NQ518) 0.90 7.5948 12.5 3.10 
DRIFT 0.65 3.75 
QUAD: Q2 (Q408) 0.40 -8.39030 10.0 4.15 
DRIFT 0.40 4.55 
V-BEND: CM1 (4D406) 0.30 2.40 20.0 4.85 
DRIFT 0.45 5.30 
SEPARATOR 6.00 75 kV/cm 10.0 11.30 
DRIFT 0.45 11.75 
V-BEND: CM2 (4D406) 0.30 2.40 20.0 12.05 
DRIFT 0.65 12.70 
SEXI 0.20 12.90 
MOMENTUM SLIT (H. FOCUS) 12.90 
DRIFT 0.65 13.55 
QUAD: Q3 (Q408) 0.40 -7.15020 10.0 13.95 
DRIFT 0.85 14.80 
QUAD: Q4 (Q510) 0.50 8.66510 12.5 15.30 
DRIFT 1.50 17.80 
MASS SLIT (V. FOCUS) • 17.80 
DRIFT 1.00 18.80 
QUAD: Q5 (Q306) 0.30 -2.58890 7.5 19.10 
DRIFT 0.70 19.80 
BEND: B2 (8D240) 2.00 18.00000 10.6 21.80 

(-18.0 for K2B) 
DRIFT 0.70- 22.50 
QUAD: Q6 (Q42Q) 1.00 -4.14240 10.0 23.50 
DRIFT ; 0.40 23.90 
QUAD; JQ7 (Q420) 1.00 4.98310 10.0 24.90 
DRIFT : 3". 00 27.90 
FINAL FOCUS 27.90 

Table 2 
- 1 1 -





FOCUS (FF) 

F I G . 2 PHYSICAL LAYOUT OF THE K2 BEAM 
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FIG. 3 K2 FIRST ORDER MATRIX ELEMENTS 2.0 GeV/c 
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FIG, 6 MODE OF OPERATION OF THE SEXTUPOLE 



10 ,4i-
8080 

A 3941 

10 3-

I 

t io 2 

ui 

UJ 
> 

LU 
0£ 

10 

-1 -L-

-10 -

106 

aooS 
-»w. M 

I0..05 
* 

. 8 -6^4—2 0 2 4 6 8 10 12 14 

SEPARATION t mm ] 

F I G . 7(a) VERTICAL IMAGES AND SEPARATIONS (POSITIVE) 
-18-



IOV 
« 

I0 3 

IO z l 

if) 
UJ 

TV 

fA 14 

UJ 
> 

§ 
UJ 
tr 

I01 ft 11.7 

-1000 10.00 
L. 

|3.72 
£ j i-

12 -10 -8 -6 - 4 - 2 0 2 4 6 8 10 

SEPARATION fonmj 

FIG-. 7 ( b ) VERTICAL IMAJES AND SEPARATIONS (NEGATIVE) 



SEXT OFF 

-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 12 14 16 
SEPARATION [mm] 

F I G . 7 ( C ) VERTICAL IMAGES AND SEPARATIONS (POSITIVE) 
-20-



8 

.. 6 \ * * 

4 

n 2 
ft . 
E : 
u rv 

u 
V 

- 2 

- 4 

-3 

- 2 

1 ; » ' 
-15 -10 -5 

FIG. 8(a) K2 BEAM PHASE ELIPSE AT MASS SLIT 



to 

fa = 1.25 mm 
b = 2.00 mm 
0.= 50 cm 
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