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ON SETTING MAGNETS IN THE PEP BEAM-TRANSPORT LINE n 
H:- v • 

A. General Considerations: Conditioning, Direction of Excitation, 
Rate of Excitation I C J 0 ? JOJJJ; 

In some situations one nay wish to "condition" a magnet—i.e., cycle the 
magnet between certain maximum and minimum values of excitation current some 
prescribed number of times so as to establish a magnetic equilibrium in whicn 
the magnetic strength repeats at every point in the cycle. The situations in 
which this option should be exercised are: (1) at initial turn-on, (2) when
ever the magnet polarity is reversed, (3) whenever the excitation cycle is 
significantly modified. The number of cycles of conditioning needed for the 
PEP beam lines is three at most. 

The setting of the current of each principal magnet will normally be in 
the direction of increasing current and starting fron the minimum current of the 
power supply in order to avoid uncertainties caused by hysteresis effects. 
(This uni-directional setting of operating currents does not apply to steering 
magnets nor to steering by means of shunts in the series strings, because in 
these cases the incremental,small-amplitude hysteresis effects should be small 
enough to be unimportant.} In order to operate a magnet at a lower excitation 
current, the current must first be decreased to the minimum of the power supply 
and then increased to the desired value. (Note: it is not necessary to raise 
the current to the maximum value before reducing it to the minimum value. After 
conditioning between certain minimum and maximum values of current, the excitation 
curve beginning at the minimum current is independent of how one arrives at that 
value, provided one stays within the range between the given minimum and max
imum currents. This condition is violated somewhat when the magnet is turned 
off, but if the minimum current is small enough, the resultant magnetic error 
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is negligible. For all of the PEP beam-transport magnets, we assume that eac 
of the minimum currents is indeed equivalent to zero current with respect tc 
hysteresis effects.) 

For any excitation cycle the rate of rise of magnet current should be 
limited to the maximum value specified in Section B4. If this value is exceedec 
it would be prudent to repeat the conditioning cycle. 

B-l Determination of the Excitation Current for the Principal Bend Magnets 
Each principal bend magnet (PM-1 and-2, Bl Bll, and BVA, but 

normally not the steering magnets) is characterized by a specific angle of 
bend t. (in radians). At beam momentum E (in GeV/c) the corresponding magnet 

si 

strength (BL). (in kilogauss-meters) is 

(BL). » 33.357 f- E 
J J 

To determine the required excitation current I. in the j magnet use 
the measured functional dependence f.(I) of this magnet for a specified ex
citation cycle, which is represented by a polynominal expansion: 

n=o 
This equation could be solved for L . It is normally more convenient to invert 

J 

the magnet calibration data to express the magnet current I- as a power series 
in the magnet strength (BL).: 

l i s 9 J ( B L ) E I V B I V 
n=o 

since in this form I is more easily determined for a given (BL). Near each 
magnet control should be displayed the value of excitation current as calculated 
above plus some indication of how close the actual current is to the calculated 
value. Also, immediately available to the operator when requested should be 
the angle of bend 9.. 
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For the two strings of bend magnets that are electrically in s-erie^ N' 
each beam line (B3, -4, -5, and B6, -7, -8, and -9), an additional step TS 
needed because the magnets are not identical so that they require slightly 
different values of current. Each of these magnets can be individually shjr,;t-; 
by a transistor circuit by a small amount (approximately 20 amperes at all 
beam energies). For each of these series strings: (a) calculate the current 
wanted in each magnet I.» I., ...; (b) determine the largest value 1 anion:: 

J K ifloX 
I., l k, ..,; (c) calculate the required shunt currents 11,, Ll^, .,. as 

The largest value of il that will be encountered is about 1.5 amperes at 15 GeV 
and proportionately smaller at lower energies. 

This procedure just described will calculate the minimum operating values 
of the power supply current 1„. and the shunt currents il.. This set of currents 

max j 
is a proper operating set but is limited in its steering potential. The 
transistorized shunts pass current in one direction only, so that steering by 
means of changes in the shunt current away from the values of this operating set 
is limited to one direction for the most part. To achieve convenient two-sided 
steering, albeit at the expense of halving the range of steering, let us add an 
offset of 10 amperes to each value in the above set of I , ...,11., 
resulting in a new set of operating currents designated by primes: 

lmx - W + 1 0 a m P e r e s 

AJ.' = AI. + 10 amperes j j 
et cetera. 

(d) Then set the power supply to the value of current I' and each shunt to its 
max 

value of current Al. 1-
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The current in each power supply will be read by means of either a trans
ducer device or a resistive shunt whose voltage V is a simple function of tne 
current. For example, the calibration of the transductor used in the maqnetk 
measurements of most of the principal bend magnets can be adequately representee 
by the equation 

I = 99.8 V + .0125 V Z 

Each power supply will have its own transductor or resistive shunt. The 
transducers have not yet been calibrated, but individual diffprencs 

3 are expected to be in the range of one part in 10 . 
Near each magnet control should be displayed the following quantities: 

r 
max 

Ll.' (for each j in the series circuit) 
J 

I offset 
B-2. Steering Mechanisms 

In each beam line small-angle steering, or trimming, of the beam 
paths is accomplished by one of three mechanisms, depending on where and in 
what direction the steering is to be done. The three mechanisms are: (1) 
Power supply variation where the magnet to be varied has its own power 
supply (or is in series only with a magnet in the other beam line, as in the 
case of 41B2 and 42B2). This method is used to trim the bend angles of the 
bend magnets PM1 plus PH2, 40B1, 41/42B2, 41BVA. 42BVA. 41B10? 42B10. 41R11, 
•rid 42B11. (2) Variation of the shunt currents AI. (described in Section 61) 
used to trim the currents in the bend magnets in series circuits. This method 
1s used to trim the bend angles of the bend magnets 41B3, 41B4, 41B5, 41B6, 
41B7, 41B8, 41B9, 42B3, 42B4, 42B5, 42B6, 42B7, 42B8, and 42B9. (3) Excitation 
of the special steering magnets. To provide steering capabiTity perpendicular 
to the bending planes of the principal bend magnets, small steering magnets 
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have been added. In each injection tunnel there are seven small vertical 
steering magnets BV1, ... BV7, and two small horizontal steering magnets. 
BH1 and BH2, whose steering capabilities are approximately : 1.25 milli-
radians at 15 GeV (and proportionately more at lower beair energies). 

For each type of steering mechanism, the operator should be able to 
produce a change in current by increase/decrease buttons. The resulting 
current and bend angle should be conveniently displayed. 

B-3. Bump Magnets 
The function of the d.c. bump magnets is to produce a controllable 

d.c. "bump", or distortion in the closed orbit of the storage rin«, in 
the region between SH] and BH4, and no distortion outside this region. 
The bump can be specified uniquely in terns of the amplitude and the 
slope of the bump at the downstream end (with respect to the injected 
beau) of kicker K2. The angles of bend for the 4 bump magnets are related 
to this amplitude X and slope X. ' at K2 as follows: 

e, = 0.1653 X k + 0.3743 Xfe' 
e 2 = -0.1663 X k - 1.3743 X ^ 
6 3 = -0.1447 Xfc + 2.6737 X f c' 
6 4 = 0.1447 X k - 1.6737 Xfc' 

For Xk in mm and X^' in milliradians (at the point 34.5 meters from 
the adjacent Interaction point); 6 is given in milliradians. These 
formulas are derived for the centers of the BH1, BH2, BH3, and BH4 
magnets positioned at 26.23S, 32.250, 46.1, and 53.01 meters from the inter
action point. X k is defined as positive for the d.c. bump being on the 
inner radius at the end of K2 (34.5 meters form the I.P.); X b' is defined 
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as positive for X|< increasing in the vicinity of K2 when going in tne 
direction of the injected beam.' The angles 6 are defined as positive wiien 
the bump magnets have the sane magnet polarity as the normal bend magnets 
in the storage ring. Nominal values of X. and X ' are 17 mm and 0.46 
milliradian. 

The currents in the 4 bump nagnets are derived from the 4 angles 
e.. .,i-M as described in Section Bl. The four power supplies ShOJld be 
activated in small steps so that the four currents at the end of each 
Step are in the ratios of the final currents. The step size for the largest 
current (which normally will occur in BH2) should not be larger than D.2 
ampere. The excitation should be as fast as practicable, but the average 
rate of rise of current should not exceeo the maxircun dl/dt rate given Section 
84 for any of the magnets.^-

DISCLAIMER 
This report was prepared ai an tccoiini or work sponsored by an agency of the United Stales 
Government. Neither toe United Slates Government nor any agency thereof, nor any of their 
employees, miles any warranty, eiptcss or implied, or assumes any legal liability or responsi
bility Tor the accuracy, completeness, or usefulness of any information, apparatus, product, or 
protest disclosed, or represents thai its use would no I infringe privately owned rights, Refer
ence herein 10 any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom-
rnendaiion, or favoring by the United Slates Government or any agency thereof. The views 
and opinions of authors untested herein do not necessarily stale or reflect (nose of the 
United States Government or any agency thereof. 



B4 Magnet Parameter L is t 

A. Pr incipal Transport Bend Magnets 

Power 
Supply 

Location 
region 

Bend 
Anglj; 

mi 11iradian 
1 min 
amp 

max 
amp 

Max 
d l / d t 

amp/sec 

VOLTAGt R 
a_t_CAJl 

Analog Anal 
c. o n.?. r.°! f l ° . n j 
Vol ts vol 

MtGE 
AC 

Magnet 
Ci rcui t 

Power 
Supply 

Location 
region 

Bend 
Anglj; 

mi 11iradian 
1 min 
amp 

max 
amp 

Max 
d l / d t 

amp/sec 

VOLTAGt R 
a_t_CAJl 

Analog Anal 
c. o n.?. r.°! f l ° . n j 
Vol ts vol 

og 
tor 
t's" 

For 
Current 

amp 
40PM1 plus 
40PM2 30 5.515 (total) 0 540* (pulsed)* , . 
40B1 30 65.643 0 804 20 0 • 10 0 • 10 1000 

41B2-4ZBZ 30 65.643 0 804 50 0 10 o-> 10 1000 

41B3, -4 , -5 30 131.285 (each) 0 825 60 0 10 0-> 10 1000 
4283 , -4 , -5 30 131.285 (each) 0 825 60 0 10 0 - 10 1000 

41B6 , -7 , -8 , -9 30 131.285 (each) 0 825 60 0 10 0 - 10 1000 
42B6 . -7 . - 8 , - 9 30 131.285 (each) 0 825 60 0 10 0 - 10 1000 
41 BIO 8 41.68 0 800 60 0 • 10 0 > 10 1000 
42B10 10 41.68 0 800 60 0 • 10 0 •> 10 1000 
41B11 8 41.68 0 ( n o t \ 

Vavai1J 60 0 10 0 ' 10 1000 

42B11 10 41.68 0 / n o t \ 
\avai iy 60 0 10 0 > 10 1000 

41BVA 30 5.932 0 134 60 n • -5 0 - 5 120 
42BVA 30 5.932 0 134 60 0 . -5 n • 5 120 

*40PH1 plus 40PM2 are e l e c t r i c a l l y i n p a r a l l e l and are pulsed with a one-cycle sinusoid of 600 Hz 
character ist ic frequency. Po la r i ty of the magnet at beam time is control led by t r u i g r r l iminq. 

file:///avaiiy


B. Steering Magnets 

Magnet 
Circuit 

Power 
Supply 

Location 
region 

Bend 
Angle 

mllliradian 
min 
amp 

41BV1 
through 
41BV6 

30 ± 1.25** 0 ill 30 i 1.25** 0 

ill
 

8 i 1.25** 0 

III
 

10 • 1.25** 0 

Bend Shunts* 30 t 1.6** 0 

B4 Magnet Parameter List (cont.) 

21 

21 

VOLTAGE RANGE 
at CAMAC 

Max Analog Analog For 
max dl/dt Control Monitor Current 
amp amp/s'ec ~m\ts "volts amp 

+5 - .5 

+5 - -5 - 5 - 5 

+5 » -5 - 5 - 5 

21 none 
?0 none 

5 - -5 

10 10 

60 

60 

60 

' 60 

60 
#The 14 bend magnets 41/42B3.-9, which are in series circuits can be individually trimmed by 
transistorized shunt circuits. 

**at 15 GeV beam energy. 

C. Injection Bump Magnets 

3BH1 B 
8BH2 8 
8BH3 8 
8BH4 8 
10BH1 10 
10BH2 10 
10BH3 10 
10BH4 10 

+ 3.1 
- 4.8 
+ 2.3 
- 0.6 
+ 3.1 
- 4.8 
+ 2.3 
- 0.6 

0 40 30 0 • -5 0-5 60 
0 no 30 0 • -5 0-5 120 
0 20 10 0 -5 0 • 5 60 
0 20 10 0 • -5 0-5 60 
0 40 30 0 -5 0 • 5 60 
0 RO 30 0 -5 0 • 5 120 
0 20 10 0 -5 0 • 5 fifl 
0 20 10 0 -S 0 • 0 Ml 



B4 Magnet Parameter l i s t (cont.) 

D. Quadrupole Magnets 

Power 
Supply 
Location 

Focal 
Length 
meter 

min 
amp 

max 
amp 

Max 
dl/dt 

amp/sec 

VOLTAGE RANGE 
at CAMAC 

Magnet 
Circuit 

Power 
Supply 
Location 

Focal 
Length 
meter 

min 
amp 

max 
amp 

Max 
dl/dt 

amp/sec 

Analog 
Control 
volts 

Analog 
Monitor 
volts 

For 
Current 
amp 

41Q1.-8 30 5.B8 0 100 20 0 + 1 0 0 - 0.5 100 
4ZQl,-8 30 5.88 0 100 20 0 - 1 0 0 + 0.5 100 
4109,-lZ.H. 
-16 

30 5.88 0 100 20 0 - 1 0 0 - 0.5 100 

4ZQ9.-1Z, 
14,-16 

30 5.88 0 100 20 0 - 1 0 0-0.5 100 

41Q13 30 5.88+ 0 100 20 0 - 1 0 0 • 0.45 150 
4ZQ13 30 5.88* 0 100 20 0 - 1 0 0 - 0.45 150 
41017 30 5.88+ 0 150 20 0 - 1 0 0 » 0.45 150 
4ZQ17 30 5.88+ 0 150 20 0 - 1 0 0 -«• 0.45 150 
41Q18.-24 8 6.34 0 100 20 0 - 10 0 - 0.5 100 
42Q18.-24 10 6.34 0 100 20 0 - 10 0 + 0.5 100 

variable in eta-prime tuning. 
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C. DETERMINATION OF EXCITATION CURRENTS OF THE quADRUPQLE HA3HETS 
The focussing strength of a quadrupole magnet can be characterized by its 

focal length f (meters) = Bc/B'L, where B'L is the integral of the magnetic 
gradient J B'd;. (kilogauss) along the length of the magnet and Bp (kilogaus;-
meters) is the momentum of the beam particles in Magnetic units. The requirec 
B'L at beam energy E (GeV) is: 

D'l = Bo/ f = 33.357 ^ 
As with the Jipole magnets, trie magnetic strength of the j quadrupole can 
be expressed as a power series in excitation current I-

( B ' L ) J = CJo + Cjl ] j + cj2 V + "* 
or inverted to pive the excitation current as a function of the magnetic strength, 
the more convenient forn for a transport line: 

*J ° dJo * dJl { B ' L ) j + V ( B ' L V + ... 
In the initial system of operation the focal lengths of all tne d.c 

quadrupoles, except Q13 and Q17 in each line, will be fixed quantities, as 
specified in Section B4. Quadrupoles qi3 and Q?7 have individual power supplies 
so that they can accomplish "eta-prime" tuning, i.e.. variation of the slope 
of the dispersion curve at the end of the bean-transport line so as to match 
that of the storage ring at that point. To provide eta-prime tuning, Q13 and 
Q17 are to be varied together, Q13 normally lower in current and Q17 higher by 

the same amount, from the nominal current corresponding to the nominal focal 
length (5.83 meters) of these quadrupoles. Adequate simultaneity will be 
achieved if the current changes are accomplished in a series of 0.25 ampere 
steps with Q13 dropping by 0.25 ampere and 0,17 increasing by 0.25 ampere (or vice 
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versa) In each step before going to the next step This variation should be 
accomplished as quickly as is feasible. However, the average dl/dt during 
such eta-prine tuning should not exceed the valise specified in Section B4. 

In the initial system of operation, each transport line will have three 
series circuits of fluadrupoles: 1) Q1 through Q8, ?) Q9 through Q12 plus Q14 
through Q16, and 3) Q18 through Q24. (In addition, as mentioned before, two 
quadrupoles, Q73 and Q17, have individual power supplies.) If it should prove 
necessary to improve the match of the transverse phase space of the injected 
beam to that in the storage ring, the option of putting the 5 quadrupoles 36 
through 310 in each line on individual power supplies may be exercised. In this 
case individual control and monitoring of these 10 quadrupoles will be required. 

Each oT the quadrupoles, excepting Q13 and 717, has a by-pass shunt 
circuit, which nornally is open. A push-button control in MCC will activate 
the relay that completes the shunt circuit and drops the current in the selected 
quaarupole Momentarily to half its previous value. This push-button control 
is not computer activated, and it is mentioned here only for completeness, 

D. CONTROL POIHTS 
The following magnets in each beam-transport line will be controlled at 

HCC only: 
PM1.-2 
Bl i rough B9 
Ql through Q12 
Q14 through Q16 
Q1B through Q?4 
BVA 
BV1 through BVG 
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The following magnets in each line will be controlled either at MCC or 
at PCR, with PCR having primary control: 

Q13, Q17 
BIO 
B7 
(41/42) BKl, BH2 (horizontal steering magnets in lines 41 and 42) 

The following magnets in each system will be controlled at PCR only: 
Bll 
(8B/10A) BH1 through BH4 (bump magnets in Regions 8B and 1GAJ 
(8B/10A) Kl through K3 (kicker magnets in Regions 8B and 10A) 


