DA®ONE TECHNICAL NOTE
INFN - LNF, Accelerator Division

Frascati, June 8, 1994
Note: L-17

OPTIMIZATION OF THE DAY-ONE INTERACTION REGION

C. Biscari

A new layout for the DAY-ONE Interaction Region (IR) is proposed. Relaxing
slightly the transparency conditions it is possible to decrease the vertical chromaticity
which in the previous version! was higher than in KLOE and FI.NU.DA. IRs.

66 "Accumulator-type" quadrupoles will be now probably purchased from Tesla
Engineering Ltd. We need 54 such quads in the DA®NE lattice. In addition, if the y-y
tagging experiment will run together with the KLOE experiment, it will need 4 "large"
gquads, thus leaving 4 more "Accumulator-type" quads available. We can therefore use
12 or 16 of these quads for the DAY-ONE IR, plus four quadrupoles coming from the
ADONE ring. The characteristics of these quads are summarized in Table I.

TABLE | - IR quadrupoles general characteristics

Magnetic Maximum Gap between

length Gradient poles

(mm) (T/m) (mm)

Type 1 (Accumulator) 300 12 100
Type 2 (ADONE) 532 3 220(h) x 90(v)

Along the IR the beam vacuum chamber is common to both rings; due to the
crossing angle at the Interaction Point (IP) the Beam Stay Clear (BSC) increases along
the IR away from the IP: the aperture of the magnetic elements must follow its shape.
Type 1 quads have a small aperture and for this reason they can be used only within
~ 1 m from the IP, while the ADONE quadrupoles are large enough to be used in any
place in the IR.

It has been chosen to add one more quadrupole to each IR triplet, as in the
present FI.NU.DA. designz, so that one more free parameter is available to adjust IR
phase advances or optical functions.

The ADONE quad is used as the last one of the quadruplet. Since the other three
quadrupoles cannot be placed within 1 m, one quadrupole can be placed exactly
centered at the IP, thus saving space and still leaving four free parameters.
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The IR layout is described in Table Il. Figure 1 shows the optical functions and
the separation along half IR. Half IR transport matrix is given in Table IlIl. The main
IR optics parameters are listed in Table IV. The separation and its slope are the
nominal ones. The tunes have been chosen similar to those of the present KLOE
design3, but there is flexibility enough to change them by about 10%, without af-
fecting the matching to the arcs. The vertical chromaticity for half IR is smaller by
one unity with respect to previous design, thus decreasing by 4 units the total ring
vertical chromaticity. The BSC, computed with the usual assumptions4 is plotted in
Fig. 2, and is compared to the actual apertures of the magnets.

TABLE Il - DAY-ONE IR elements for half IR

Length Position Center position K2 G
(m) (m from IP) (m from IP) (m'2) (T/m)
QO 0.150 0.000 0.000 2.866310 4.873
Drift 0.290 0.150
Q1 0.300 0.440 0.590 -0.896576 1.524
Drift 0.300 0.740
Q2 0.300 1.040 1.190 -4.967798 8.445
Drift 0.340 1.340
Q3 0.532 1.680 1.946 1.550163 2.635
Drift 2.838 2.120
End IR 5.050
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Fig. 1 - Optical functions and beam separation for half IR

TABLE Il - Half IR first order transport matrix

0.820717 4.700000 0.000000 0.000000
-0.151649 0.350000 0.000000 0.000000
0.000000 0.000000 -5.062550 0.125243

0.000000 0.000000 -1.645972 -0.156809




TABLE IV - IR optic parameters

@lp

Bx (M) 4.5
Oly 0.0
By(m) 0.045
Oy 0.0
Ax(m) 0.0
Ax'(mrad) 12.5
@ splitter input
Bx (M) 7.9400
Oy 0.1945
By(m) 1.5019
Ol 0.6145
Ax(cm) 5.8750
AX'(mrad) 4.375
Dy (M) -0.040
D,/ -0.020
For Half IR
AQy 0.144
AQy 0.420
Horizontal chromaticity -0.37
Vertical chromaticity - 2.46
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Fig. 2 - Quadrupole apertures, BSC apertures (solid lines) for 10,12.5,15 mrad crossing angles,
and corresponding beam central trajectory (dotted lines)

The IR has been matched to the ring (D19 optics). The total ring main parameters
are listed in Table V. Figure 3 shows the optical functions in the short and in the long
arc. The quadrupole gradients and the optical functions are listed for the short and
long arc in the Appendix I. The dynamic aperture computed with the DADNE code® is
shown in Fig. 4; it is larger with respect to the previous one by about 4cy in the
horizontal plane; the tune behaviours with momentum and amplitude are given in



TABLE V- General lattice parameters
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Qx
0Qx*(hshort)
8Qx*(hlong)
Bx**(short) (m)
Bx**(long) (M)
Cx

Oc

5.18 Qy 6.15
1.1896 dQy*(hshort) 1.5599
1.4004 3Qy**(hlong) 1.5154

6.19 By**(short) (m) 0.66

8.20 By**(long) (M) 1.32

-8.5 Cy -18.8
0.0062 Sextupoles families 8

* From IP to midpoint of straight section
** At straight section midpoint
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Fig. 3 - Optical functions in the short and in the long arc
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Fig. 4 - Dynamic aperture of the lattice for Ap/p = - 0.5%, 0., 0.5%
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Qx vs Ny Qv vs Ny
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Fig. 5 - Tune behaviour with amplitude in units of o's for Ap/p =- 0.5%, 0., 0.5%
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Fig. 6 - Fractional part of tune versus momentum



L-17 pg. 7

Compatibility with the compensators

The superconducting solenoids which will be used to compensate the solenoidal
field of KLOE® and FI.NU.DAZ2. detectors can be installed in the DAY-ONE IR since
they are compatible with the quadrupole layout and vacuum chamber apertures; this
will make installation and commissioning of both experiments easier.

The compensators can be also turned up to study the effect of the solenoidal
field, of the residual coupling and of errors in the compensation on the machine and
on beam dynamics.

In this case the two compensators installed in the same IR should be powered
with opposite currents, so that coupling is canceled outside the IR. In between the
two solenoids, the seven quadrupoles should be rotated by the same angle, corre-
sponding to the total rotation introduced by each solenoid:

Due to the focusing effect of the solenoids the optics inside the IR changes; two
solutions are presented, one for the nominal current of the solenoids, corresponding
to Ot ~ 22°, and one for half its value. The gradients of the quadrupoles with the IR
layout are listed in Tab. VI, the optical functions shown in Figs. 7 and 8; the optical
parameters are given in Tab. VII.

TABLE VI - DAY-ONE IR elements for half IR with compensator on

Length Center position | K2 (Orot=11°) | K2 (Orot=22°)

(m) (m from IP) (m-2) (m-2)
QO 0.150 0.000 3.20 3.35
Drift 0.290
Q1 0.300 0.590 -0.85 -0.80
Drift 0.300
Q2 0.300 1.190 -4.86 -4.70
Drift 0.340
Q3 0.532 1.946 1.38 1.15
Drift 1.273
Compensator 1.150 4.060
Drift 0.415
End IR 5.050
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TABLE VII - IR optical parameters with compensator on

Orot 11° 22°
@IP (normal modes in the rotated plane)
By (m) 45 45
Ol 0.0 0.0
By(m) 0.045 0.045
Oly 0.0 0.0
Ax(m) 0.0 0.0
Ax'(mrad) 12.5 12.5
@ splitter input
By (m) 8.7228 9.8601
Olx -0.1047 0.1702
By(m) 1.3421 0.9840
Olx 0.1703 0.2717
Ax(cm) 6.4902 6.6924
Ax'(mrad) 5.5388 2.8920
Dy (m) -0.032 -0.029
D,/ -0.020 -0.030
For Half IR
AQ, 0.159 0.164
AQ, 0.415 0.421
Horizontal chromaticity -0.32 -0.45
Vertical chromaticity -2.48 -2.52
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Fig. 7 - Optical functions and horizontal projection of beam trajectory for +12.5 mrad
crossing angle in half IR with compensator on and O,=11°

The BSC with the compensator on are compatible with those corresponding to the
layout without compensator. Fig.9 shows the BSC corresponding to the case with
maximum compensator field (Qrot = 22°) (solid lines), compared to the BSC without
compensator (dotted lines), already reported in Fig. 2. Both are computed for a
crossing angle of 15 mrad and a vertical bump of 2.5mm at the IP.
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Fig. 8 - Optical functions and horizontal projection of beam trajectory for +12.5 mrad
crossing angle in half IR with compensator on and ©,,=22°
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Fig.9 - BSC with compensator on (Orgt=22°) (solid lines) and BSC
without compensator (dotted lines)
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APPENDIX I
Short arc

EL. TIP BETX ALFX BETY ALEY DX DPX o3 QY cx cY

[ aQ 7.9400 0.1945 1,5019 G.0614 =3, 040000 ~0.020000 G.000000 a.goooon S.006000 0.ahu00
11 4 T.4736 0.1248 2.17290 -0.9077 0.042074 0.132385 &.030019 0.127064 ©.010023 0.003433
12 1 7.3993 ¢. 0737 3.5038 -1.1583 ¢.091943 0.132985 0.038049 0.146412 g9.010023 0.003433
13 1 F.35%83 0.0737 3.5038 =-1.1%83 0.091943 £.132%85 O.Q3B04Y 0.146413 3.010023 0.003433
14 1 1.3710 0.0387 4.124% -1.3254 0.125190 0.132985 0.043437 0.156887 G.0.0025 0.003433
15 1 7.3710 0.0397 4.1247 -L.325¢ 0.125190 ¢.132985 0.943437 0.156887 0.010023 0.003433
16 1 7.3602 -0,0113 5.zlzv =1.3760 0.175053 0.132983% 0.051544 0.149772 0.010023 0.003433
17 F4 6.6117 2.4162 $.8738 -4.1588 G.204872 0.063975 D.058268 0.177897 DL21364% -3 150025
18 1 4.8442 2.0025 10.6266 —-5.2234 0.230462 0.4663975 0.069526 $.185348 D.213865% =0. 166020
1% 3 4.7924 -1.819%9 11,1670 3.5676 0. 278485 0.262376 9.075840 d.189559 -0.07%338 0.550%2
20 1 5.5573 -1.%938 9.7892 3.32i8 G. 3230940 b.26237% ¢. 086009 0.192604  ~0.07%338 0.85177
21 1 6.3932 -2.179%7 8.5096 3.0759 0.383415 0.262376 0.691351 0196032 -0.07%338 G.ablvz
22 1 T.3011 -2.38%6 7.328% 2.83¢0 $.435890 G 262376 0.096G10 0_20eLa3 ~-0.07%9338 G, 351927
23 2 1.8328 0.6560 5.52%2 =0,0591 Q.486892 Q.04198 f.1021a8 P.207168 0.168E77 0.333723
24 1 6.9011 0.5099 &.7271 -0.1820 6.546249 0,616 €.1185%50 G.226439 01688572 0.333723
25 4 3.4360 2.3868 T.2332 —-0,3342 0. A168425 0.452569 D.149454 G.2491¢7 0.439756 0.a80325
Z6 1 1.2734 1.2174 7.6H96 -0.4264 1.0B9966 0.432569 3.195757 .261925 0.439756 ©.480325
a7 a 0.905% ¢.0582 6.4548 4.2574 1.34393¢0 1.269315 0.242408 0.26B475 0.3B3590 0_877356
28 1 0.9143 -0.1323 4.8704 3. 6648 1.5%7793 1.269315 0.2776172 0.274153 0.383590 ¢.877456
29 1 G.914a -0.1323 4.8704 3.6648 1.597793 1.269315 0.277672 ©.274153 0.383590 0.8 ahe
o i 1,1982 ~0.5775 Z.8126 2.4796 Z.105519 1.269315 O.340080 ¢.292768 ¢.38359¢ 0.B77354
3l z 1.3361 6.1532 1.56861 0.551% 2.238165  -0.4¢1759 G 376731 4.318379 ¢.461836 0.7635%
32 1 1.4280 -0, 3064 1.z2037 0.0521 1.997110 -0.401759 .448247 0.390358 0.461936 0.763586
33 3 1.4280 ~0.3225 1.2037 0.065¢ 1,%37119 -$.379291 0.448747 0390358 0. 60648 GLVEEEAY
34 4 1.4821 -0.3512 L. 1985 -0.0613 1.966577 -0.381382 0.457630 o.401002 0458915 %06
35 3 1.4821 -0.3679 1.1985 ¢.0121 1.966577 ~0.359%238 0.457¢30 0.491002 0457608 G 78009
k13 3 1.4821 ~§.4012 1.1985 ¢.0391 1.966577 ~}.315008 0.457030 0.401002 0.454955 0.%62237
a7 4 1.512% -G, 36456 1.18&8 G. 0056 1,953015 =0.360701 0.461295 0.406337 0455955 0, ¥52:30
38 3 1.512% -0, 3986 1.19¢8 0.03z25 1.953015 ~0,316757 0.461295 G.4a06337 D.453744 0. 734271
33 3 1.5129 -0, 4156 1.19¢8 0.046¢ 1.953015 =0.294785 G.461205 0, 406337 ¢.451892 D, 755344
440 4 1.5818 =-0.4423 1.1948 =0.0212 1.525303 —0.295%61 G.469555 0.4:7028 9,450398 0.'7489810
41 3 1.5B818 —0. 4601 1.1948 ~0. 0078 1.929303  -0,274256 0.469555% 0.417024 G.daps6z Q. 1haEB0
42 3 1.5818 -0.48779 L.1948 . 0056 1.929303 ~0.2525507 0.469555 0.417028 0. 447565 G.745184y
43 4 1.6605 -0.5029 1.14893 -0. 0615 i.B058549D0 ={.308195 0.477438 D.427709 0.4549563 0.7481780
44 3 1.6605 =0.5215 1.1993 -0, 0481 1.49¢5590 ~3.316757 0.477438 P.4270709 0.45307 [ ¥
45 3 1,6605 =0.6713 1.1993 ©. 0601 1.9055086  —0.3144861 0.477438 0.427709 0.44115%7 0.1v1432
46 4 1.8467 -0.4773 1.2015% =1.0742 1.841374 =0.653249 0.459197% G 449057 2. 484253 0. 81434
47 3 1.8467 -0.6439 1.20158 0, 0342 1.841374 -0.487146 G.491979 0.445057 o408y 0. 4%2972
48 3 1.84867 —-0.6647 1.2015 0.0477 1.8413%4  -0.466430 ¢.491975 0.449957 0.4639343 0.85904t
43 4 1.9550 ~0, 6834 1.1%982 ~0.01 93 1.840578 -0.549904 0.498702 0.45%708 0.475262 G.He336T
30 3 1.9550 -4.70%54 1.1992 -0.0058 1.800578 ~0.529647 0.498702 0.458708 0.473511 0.864434
51 3 1.9550 -0.1274 1.1992 9.0077 L, 800578  -0.5093%0 0.498702 &.4557cC8 0.471°r61 . Be99506
52 4 2,011 -0.7435 1.2034 -0. 8592 1.759783  -0.506584 ¢.505047 &. 470350 ©.473167 0.860525
53 3 2,073 -D. 7663 1.2038 =-0.0457 1.759%83  -0.487146 8.505047 0.470350 0.471306 0.B61623
54 3 2.0m11 -0.9539 1.2034 0.062% 1.759783 =0.328402 4, 505047 0.47035% ¢.456425 D.BT0242
55 L 2.3377 . -0 6784 1.2047 -0.4711 1.695568 =0, 469707 0.516€608 0.491634 U 47347 0.836207
56 3 2.3377 -0.66%2 1.20497 0.037%e L.69556€ -0.316757 0,51 6608 0.431 634 0.4566%6 4.844855
5% i 2.337M =0.3155 1.2047 0.,0512 1.695568 =0.297481 0.516608 0.49%1634 C.45%4603 0.B45934
kg 4 2.4853 =-0.9227 1.2018 —-0.{4ike 1.671854 =0.293G64 G.521907 G 50224h% GoAnb2l4 [V I e
3] 3 2.4853 -0,9507 1.2018 =0.0021 1.6718584 -0.27425¢6 f.521807 $.502259 0.453%a5 CLBA254E
L] 3 2.4853 =-0.%787 1.2018 G.0114 1.671854 ~0.255447 0521307 G 502259 0,451 764 C.BA3EY S
6] 4 Z2.6429 ~0.9824 1.2054 -0, 0554 1.64814) =0, 335209 D.52689t G.512880 0.45888% O.B5737
62 3 2.6429 =1.0122 1.2054 -0.04l18 1.648141 ~0.316757 0.52689) ¢.512880 0.456520 0.B5345¢
63 3 2.6429 -1.2506 1.2054 0. 0669 1.648141  -0.16B084 0526851 &, 513800 0.437592 0.862109
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64 i 28295 —-1.0734 1.2000 2.0000 G.6z25308 -0.400500 o.531557 0.523310 [UNE L o) ooB94818
L3} Kl 2.9858 -0.865E 1.2099 -0.0660 1.5B3924 =0, 630025 D.535947 T.9348140 . 486837 PN A T
L] a E 1:113 -1..348 1.2054 n.¢4'8 1.583929 ~0.487146 0535947 G_.534140 4. A654£04 IOo836000
67 4 2.9A58 -1.i88]1 1.26054 0. 04554 1.533924 -0.4609326 0.5359497 0.534240 toARANEY LoanTnTy
LE:] 4 31728 -1.14603 L.2CLs =G.0114 1.54312% -0, 2471007 0.540097 0.544782 SoABBASA D943
L3 3 3.1728 -1.15880 L.2Gia G002l 1.h43129 —0.52936457 T, 540097 3,5494762 0.A65613 BLURLELTS
7o a 3. 1trza -1.2317 1.20.8 L4.0158 L4312 ~0.51228¢% GLaaaa97 C.o44762 v 46z L L]
7 4 3,3697 -1.Z19¢ 1.2047 -2.¢312 VL 502334 -0,504047 G.oE44003 C.553387 0. 468792 GL9qANIE
-] 3 33697 =1.Z2575 1.2047 -0.0376 1.502334 -0.4E7146 2.5449903 G553 G.denhigy PRRE ERETY
13 1 3.3697 -1.5615 1.2047 0471 1502334 =0 351628 0544003 3_ 555387 2.441536 N P
T4 A 3.7%11 ~1.0379 L.2034 —0.062% 1.438117 —2.446484 0.552120 DLBTERT] D.o485497 ¢OIZhAG S
15 el 3.74911 -1.3789 L.26G34 0.0457 1.438117 —3.316757 0.50i12¢ O.07hHET G.4576R2 S.83000y
i3 K 3,791 -1.422% L.2034 a. 0592 1.438117 —0.300577 0,551 0576671 D.oa04259 2 93008%
kN 4 4.017'4 -1.3961 T.13%2 =0.0077 1.414424 -0 290168 0.5543%3 J.5B7313 GLongolan PIREEFEL]
“a 3 4.0174 =1.4413 L. 1332 0.005& | 4144048 —3.274E%6 0, 504393 0, oBY3YE Hoabbndh 0.83430%
vy 3 4.0174 =1.4865 L.1932 a.0192 1.414404 -0.258343 G.554393 0.5873:3 U.45298% 9938 3EG
i 4 4.2537 ~1.4350 L.2GL3 =G 0477 1.39G692 —-0_332402 G . 557482 0.597063 0_ 4673517 04431054
H1 3 42537 =-1.5028 L.20L5 =G, 0342 1.395682 -9.318757 OL.H914E2 GLIREl [ T GLRaaley
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