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Extraction Beam Lines for COSY-Jiilich 

A. Had, S. A. Martin, R Wagner, C.A.Wiedner*, 
Forschungszentrum Jtilich GmbH and Max-PlankWtut fUr Kemphysik, Heidelberg (*) 

Abstract 

The cooler synchrotron COSY [I] will accelerate protons 
from 40 MeV up to 2.5 GeV. The 3 experimental areas at the 
COSY J[ilich cooler synchrotron require for the extracted 
beams a very small and stable beam spot at the target 
positions. The beam size has to be demagnified from the 
extraction point - the exit of the magnetic extraction septum - 
to the target by a factor of about 20 for the two areas, 
accommodating the BIG KARL spectrometer as well as the 
Time-of-Flight ~experiment. The beam lines consist of an 
achrornat directly behind the extraction followed by a system 
ofdemagnifyingtripIets(R~l-R~~~1/M). 

LBBAMPAR&h@XERS AT EXTRACTION 

For the TRANSPORT cakulations the CQSY tune with Qr = 
Qy = 338 and the corresponding ‘IWISS parameters of tab. 1 
havebee-nused. 

[Tab. 1: TWISS fW atE%uXionfortJIeCOsY-Tune1 
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It was assumed that the angular dispersion vanishes at 
txtracti~point(R26=O);theradialdispersionDx=R16 
wasvarkdina*largerange:05DxDx55 
From the values of the p-function at extraction the 
TRANSPORT beam parametersarCdyd>tainedtitbe 
assumedmomentum&qendentbeamanittanceE=x-E.They 
an!lis&dintab.2 

lF--F Ez’ E’ Ei2 1 IL THEKDOFRONTSECT’ION 

nefhmtesldsystemofdleextfactiollbeamlineisdesiglK!d 
toac&veadispenionfkebeamattheend.It4xmsktsofa 
ma&hingqI&lupol&ubl~folbwcdby4cunbiifuoctioo 

Sinm theTWISS parameters ax,y are finite at Cxtractioa bending magnets. The magnets have a gradient of 
point, we assumed for the TRANSPORT calculations tha: the a 15: f1288.in TRANSPORT notation. The fmat end pvstem 
curespoadingmatrixekmeatsRl~=0.14mm/kaddR3q shoddbetietocoanpensatt for diia-cat dkpersioas at the 
~0.07mminnrd..T;orthebeamammomenaunofp=33GeV/c extmctionpoiatWworksforO*Gmhfig2;!the 
was tkmma$ for tbc momentum spread dp/p = f 025%. llx7 envelopes are shown for two different values of D. This 
TRANSPORT p- fortixelxamafecddatedfurthe ~theinbtgeodenceofthebeamradiushomthe 
diff~beamIilKa, uoknown dispession at the extraction point. 



Fig. 2 : Horizontal beam radius for 
dlsperslons of D=O and 0~2.5 

at the extraction Doint 

25 

20 

15 

10 

5.0 

.* . . . ..- I.. ..- 
4 -- .-- 

25 

20 

15 

10 

5 

O.&l”“, - 511 ? 
I I i ; ‘IO 

0 10 20 30 40 
Posltion / m 

5030 
)- 

III. RESULTS OF THE TRANSPORT 
CALCULATIONS 

1. EXTERNAL Bm 2-MEDICALAREA 

The beam umptance of beamline 2 was assumed to be 
ex = ey = 2,.5 mmmrad. The beam dimension at the target 
positionwasspecifKdtobe: 

x=yc f2mm 
‘Tbqfore’as optical solution a doubly achromatic waist iu 
bothcoordinateshasbeen8pccifiicom~tolhecaliia 
&sign [2] two further qua&pole singlets - 3MQ21 and 
3M422-havebeeu added. 
l%egmdi~tsoftbequadrupolesofbez3mhe2forabeam 
momentum~ofp=33OeV/candfordiffacntdispersiorurat 
extraction are 8ummarized in tab. 3, the resultiug be-am 
dimeasionatthe~positi~iscontairaediatab.4,again 
fordi&eutvaluesofthebeamdhpersion. 

Tab. 3: GradieuefortheQuadNpoIesofBeamhe2for 
~;~v~attddiff~tDispcrsionsat 

D 3MQll 3MQ;2 3MQ13 3MQ15 3MQ21 3MQ22 
3MQ14 
IT/ml rml rnw 
- 758 -10.07 8.72 

:; 
5:OO 

- - 6.16 6.80 IO.64 10.37 4.980 5.927 - - 8.02 8.50 -10.19 -10.35 7.80 9.13 
- 5.96 9.32 7.273 -9.16 -10.36 11.33 

Tab.4: BeamRadiiattheTargetof 
Beamline 2. 

D Molu.8pf. x 
r 1 
0” 

dp/p [%I I 1 
1:lE 

1.25 8:: 2.97 1.25 2.27 

t: i:: 
5:o ii:: 

3.41 3.25 
2.21 

Y 

2:’ 

x-2 

1:88 1.88 
1.46 

ZEX’IERNALBEAMLINE3 
TIME-OF-FLIGHT=TOF 

Also for this beamline we have assumed an arbitrary 
emittauce of ex = ey = 2.5 mmmrad. Compared to the 
previous coucept two additional veatical beading magnets - 
3MBE34 and 3MBE35 - had to be included to enabIe boiig 
the beam by 80 cm at the ‘IOF - targti position. An ion 
opticalcousequeu0zisasmallbutfinitevaticald&ersiou. 
The beam dimensions, radialIy and axially at the target 
position, were specified by the experiment to be 

x,y<flmm. 

The remIts of the Transport caIcuIatiou a~ plotted iu fig. 2 
fortwodiffiXeJltdisphispersions. 
TbegradientsfortllequadNpolesofthc?nlP-beamIineare 
listediutab.5,thebeamdimensionatthetargetparitioniu 
tab. 6, for the different values of the beam dispersion at 
extmcthaudabeammomentum of p = 3.3 Gev/c. 

Gradie.zltsoftheQuadn@esofBaunhe3(ToFJ 
atp=3.3GeV/kfordiffereJltDispe&onsat 
Extfactia 

D MQli MQl2 MQ13 MQlS MQ31 MQ32 MQ35 MQ34 
I MQ14 MQU W33 W38 MQ37 
0” 608 rrtml IT/ml -1.40 IT/ml 3.86 IT/ml 431 5-41 frhnl IT/ml -4.78 frhlll -9.14 856 rr/ml 

1.25 3s a15 3.60 -4.23 548 4.81 -9.14 8.56 
2.50 5.al -207 5.06 -6.29 5.33 -4.70 423 a63 
5.0 4.16 -1.19 4.25 -6.10 s.49 4.n 435 am 

Tab.6: BeamRadiiattheTOFTargc%fordiffemut . . I>lspemMls@)atExtractionpointand~~ 
the T-t 

D WP X Y pIDP 
r 1 [%l 
0” 05 

r 3 
0:: 

I1 
0:; 

km] 
co.73 
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3. EXTERNAL BEAMLINE 4 
BIG KARL. SPECTROGRAPH 

For this beamline again an emittance of 
Ex = Ey = 2.5mmmrad has been assumed. The gradients of 
the quadrupoles of the BIG KARL kamline are listed in tab. 
7, the beam dimensions and divergences at the target are 
contained in tab. 8, for difkrent values of the beam dispersion 
and for a beam momentum of p = 3.3 GeV/c. 

bb. 7: Gradients of the Quadrupoles of Beamhne 4 (BIG 
I= 3.3 Gev/c. 
0,Ml 125 23 5.00 
431 1.38 057 2T33 
-1.58 123 227 1.07 
5,@J 4.13 329 3.49 
038 3.11 5,69 5.95 
-5.52 -5.03 -5.65 1.81 
138 724 Q7 -7.16 
lb.0 836 4.62 -082 

-10.0 -5,98 -2.12 8.30 
556 635 6.49 6.54 
-4.91 -5,fso -5,64 -5.98 
8,12 8.15 8.16 W9 
-751 -73 -7.46 -7.42 

m 

T/m 
T/m 
T/m 
T/m 
T/m 
T/m 
Th 
T/m 
T/m 
T/m 
T/m 
T/m 1 

Tab. 8: Beammdii and divergewes at the BIG KARL Target 
for diffmnt Dispersions at Extraction. 

D Momqr. x X’ Y Y’ 

1.25 0.5 0.52 0.51 5.01 
2.5 0.5 IO.53 Ei 0.47 7.04 
5.0 05 1.43 7:15 0.43 6.92 
5.0 0.1 0.45 7.14 0.43 6.92 
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