SLAC-PUB-7206 June 1996

Presented at the 5th European Particle Accelerator Conference (EPAC96), Sitges (Barcelona), Spain, June 10-14, 1996

INTERACTION REGION DESIGN AT THE PEP-II B FACTORY*

M. Sullivan, G. Bowden, H. DeStaebler, S. Ecklund, J. Hodgson, T. Mattison, M. Nordby, A. Ringwall, J. Seeman, U. Wienands, D. Walz Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USA L. Bertolini, M. Kendall, J. Swan, B. Yamamoto Lawrence Livermore National Laboratory, University of California, Livermore, CA 94550 USA D. Humphries, F. Younger, M. Zisman Lawrence Berkeley National Laboratory, University of California, Berkeley, CA 94720 USA

1 ABSTRACT

We describe the Interaction Region (IR) for the PEP-II project[1], a collaboration of SLAC, LBNL, and LLNL. The near IR region inboard of 3 m from the interaction point (IP) is designed to focus the 3.1 GeV low-energy beam (LEB) and bring it into head-on collision with the 9 GeV high-energy beam (HEB). We describe the overall design parameters of this area and the integration with the detector geometry. Permanent magnet (PM) dipoles and quadrupoles inside the 1.5 T solenoidal field of the detector are described. The beam separation is initiated by a dipole field made from PM blocks in a stepped conical geometry in order to maximize detector solid angle coverage. The beam separation is completed by a hybrid PM quadrupole - dipole. The vacuum chamber is designed to mask synchrotron radiation (SR) away from the beam pipe located around the IP and to absorb the power (70 kW) generated by the SR, image current losses and higher-order-mode (HOM) losses.

2 BEAM SEPARATION SCHEME

The separation of the two beams after the head-on collision is initiated by a horizontally deflecting dipole magnet (B1) located between 21 and 70 cm on either side of the IP. These magnets are tapered in order to maximize the detector angular acceptance and in order to start the beam separation as soon as possible after the collision. The first parasitic crossing (the next place where the beam bunches pass each other) is 0.63 m from the IP and the beams must be separated by at least 7σ (where σ is the largest of the four beam sigmas) in order for the passing to have a negligible tune shift. In PEP-II, the separation at the first parasitic crossing is 10.5σ. The two beams share one more magnetic element (Q1) that completes the beam separation and is located just behind each B1 magnet (from 90 to 210 cm from the IP). Q1 is a hybrid magnet in that it contains a dipole field and a quadrupole field. The quadrupole field supplies vertical focusing to both beams and the dipole field shifts the magnetic center of the quadrupole field 20 mm horizontally so that the HEB essentially goes through the magnetic center of Q1. This configuration produces the maximum amount of horizontal beam separation in Q1 by bending the offset LEB away from the HEB. Both B1 and Q1 are made of PM material. These magnets are immersed in the detector solenoidal field and the need for a compact design led to the choice of PM. The separation of the beams by B1 and Q1 is enough to allow the next machine element (Q2) to start 2.8 m from the IP. Q2 is the horizontal focusing magnet of the final doublet for the LEB and is a septum magnet which has a fieldfree channel for the HEB. The center of this magnet is tilted (20 mrad) in the horizontal plane and offset (6 mm) horizontally from the LEB in order to maximize the space for the current septum. The next two machine elements are septum quadrupoles Q4 and Q5 (both 1.5 m long) which form the final-focus doublet for the HEB. The HEB goes through Q4 offset from the magnet center by 14 mm. This offset steers the beam and redirects SR generated by the outboard Q5 magnet away from mask surfaces that are near the IP. Q5 is centered on the HEB trajectory. Fig. 1 shows a layout of the IR out to ±7.5 m.

Q D 1 Q D 1

Q D 1

Q D 1

B 1B 1

B 1 B 1

Q 4

Q 4

Q 5

Q 5

Q 2

Q 2 s u p p o r t

t u b e

3 0 0 m r a d

� 7 . 5 � 5 � 2 . 5 0 2 . 5 5 7 . 5

M e t e r s

C e n t i m e t e r s

� 3 0

� 2 0

� 1 0

0

1 0

2 0

3 0

I n t e r a c t i o n R e g i o n

9 G e V

3 . 1 G e V

3 . 1 G e V

9 G e V

Q 1 Q 1

Q 1 Q 1

Figure 1. Layout of the interaction region of PEP-II showing the separation of the two beams. The dashed lines marked �300 mrad� define the angular acceptance of the detector. Note the exaggerated vertical scale.

*Work supported by U.S. Department of Energy, under contract numbers DE-AC03-76F00515, DE-AC03- 76SF00098, and W-7405-ENG-48.

3 SYNCHROTRON RADIATION

Synchrotron radiation fans are produced when the beams go through the B1 magnets and, in addition, the deflected LEB in Q1 produces a strong fan of radiation. We distinguish SR that is generated by bending the entire beam from that generated by the beam going through a focusing element. The former called �fan� radiation is generally more intense and has power levels that are roughly 100 times higher than SR produced in a focusing element which we designate as �quadrupole� radiation.

As the LEB enters the IR and travels through Q1, it generates a fan of SR that strikes the beam pipe inside the B1 magnet. This pipe has a series of mask surfaces that intercept the 3.5 kW of SR power and prevent the SR from directly hitting the detector beam pipe. In addition, the mask surfaces are sloped so that photons striking a surface can not directly scatter to the detector beam pipe. The LEB then goes through the two B1 magnets, generating two nearly overlapping fans of SR since the B1 magnets have opposite polarity. Nearly two thirds (5.7 kW) of the radiation from these fans travels out of the near IR and is absorbed on two surfaces, one at 9 and the other at 19 m in the incoming HEB beam pipe. About one third of the radiation (3 kW) strikes a mask placed in front of the Q2 septum and the rest is scattered along the outgoing LEB beam pipe inside the Q2 magnet. Fig 2 shows the radiation fans generated by the LEB in the IR.

Q 1 Q 1

Q 1 Q 1

3 0

2 0

1 0

0

� 1 0

� 2 0

� 3 0

0 � 2 � 4 2 4

Q 4

Q 1

Q 1 Q 1

Q 1

Q 2

Q 2

Q 4

B 1 B 1

B 1 B 1

3 0 0 m r a d

3 . 1 G e V

9 G e V

C e n t i m e t e r s

M e t e r s

I n t e r a c t i o n R e g i o n

Figure 2. Layout of the IR showing the SR fans from the LEB. The shading indicates the relative power of each fan. The darker shading means higher power density.

The HEB produces a fan of SR when it goes through the Q4 magnet on its way to the IP. This softer, lower power fan (1 kW) strikes a mask located 50 cm from the IP that shields the detector beam pipe. Again, the mask is sloped so that photons striking the mask can not scatter to the detector beam pipe. The rest of the Q4 fan goes past the IP with most of it striking the septum mask positioned in front of the Q2 septum and the remainder following the outgoing HEB and being absorbed on a surface about 20 m from the IP. The two B1 fans generated by the HEB are very intense (50 kW) and do not strike any surfaces until the fans are well outside of the near IR. A special power dump surface inside the outgoing HEB beam pipe starts intercepting these fans at a grazing angle. The dump is located from 15 to 21 m from the IP. Figure 3 shows the HEB fans near the IP.

Q 1 Q 1

Q 1 Q 1

3 0

2 0

1 0

0

� 1 0

� 2 0

� 3 0

0 � 2 � 4 2 4

Q 4

Q 1

Q 1 Q 1

Q 1

Q 2

Q 2

Q 4

B 1 B 1

B 1 B 1

3 0 0 m r a d

3 . 1 G e V

9 G e V

C e n t i m e t e r s

M e t e r s

I n t e r a c t i o n R e g i o n

Figure 3. Layout of the IR showing the SR fans from the HEB. The shading indicates the relative power of each fan. The darker shading means higher power density.

4 THE VACUUM CHAMBER

The center part of the vacuum chamber is a doublewalled pipe of beryllium. The inside wall is 800 μm thick and the outside is 400 μm thick with a space of 1 mm between the two walls for water cooling adequate for 1000 W and temperature control. Estimates from HOM calculations indicate that there will be about 100 W of power lost in this region.

The beam pipe inside the B1 magnets is complicated. The surfaces of the masks must be precisely machined in order to correctly shield the detector beam pipe. In addition, the SR power that strikes these surfaces must be removed and not heat the PM material. Since the strength of the PM material varies as a function of temperature, a separate water circuit will be used to cool and maintain the temperature of the B1 magnets. The beam pipe will be made of dispersion strengthened copper.

The masks in front of the Q2 septa intercept a significant amount of SR power. Consequently, in order to lower the power density, these mask surfaces are sloped

H E B

L E B

S e p t u m M a s k s

Figure 4. Cut away view of the septum mask vacuum chamber in front of the Q2 magnet.

with respect to the incident photons by a ratio of 50 to 1. These mask surfaces will also be made of dispersion strengthened copper. Figure 4 shows a side view of the septum mask. HOM calculations indicate that in this region about 6 kW of power will be dissipated in the chamber walls. This is primarily the result of one large beam pipe turning into two smaller beam pipes. Extra chamber cooling will be included to absorb this power.

5 PERMANENT MAGNETS B1 AND Q1

The B1 PM is composed of 13 slices of PM material. Each slice has 16 uniformly magnetized blocks with magnetization angles oriented according to the Halbach formulation[2] for making a dipole magnetic field. Figure 5 shows a layout view of B1.

S R m a s k i n g s u r f a c e s

B 1 M a g n e t

I P

Figure 5. Layout of the B1 magnet. The shaded area is the PM material. The masking surfaces indicated in the drawing are where the SR power is deposited.

The present design of the Q1 magnet is a hybrid with a quadrupole and a dipole component. This is accomplished by constructing a quadrupole field using 32 blocks of PM material and then, outside of these blocks, adding a 16 block ring of PM material that makes a 2.1 kG dipole field. This dipole field effectively offsets the center of the quadrupole field by 20 mm horizontally. Figure 6 shows the block placement for a Q1 slice and also shows the resulting magnetic field.