¢ Brookhaven

National Laboratory
BNL-101799-2014-TECH
AD/RHIC/RD/17;BNL-101799-2013-IR

Gradient Errors and Correction System Summary

H. Hahn

April 1990

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



AD/RHIC/RD-17

RHIC PROJECT

Brookhaven National Laboratory

Gradient Errors & Correction System Summary

H. Hahn

April 1990



Gradient Errors & Correction System Summary

H. Hahn
b1 Errors
Effects:
—  Tune shift horizontal & vertical
— Half integer stopbands ~ LBby Lei2?
—  Af/B for on-momentum particles ~ Dby Lei?¥
—  Horizontal dispersion ~ X P X pblﬁew

Uncorrectable closed orbit error for off-momentum particles
Reduced acceptance
Reduced luminosity if #*, X increased

Increased beam—-beam effect (77)

Source of errors:

b; in dipoles
Ab; i.e. mostly length errors in quadrupoles (insertions dominant)
Feed down for sextupoles if closed orbit off

No installation errors!

Correction:.

Sorting of arc dipoles + QF/QD reduces AB/fB & stopband

(No by random correctors in arc required.)

Closed orbit error control (eliminates sextupole feed down)

Trim .power supply at each insertion Q) eliminates insertion errors

Correct 8*& X at X-ing point

Correction of horizontal dispersion by using b; at QF in arc (2 families/ arc)

(same lead arrangement as for transition jump however power supply conflict?
CDR wiring has to be changed.)



—  Correct residual AB/B & stopband

Parzen — Insertion Quads

Ruggiero — Need b, at QF (different lead configuration from transition jump)
Need b; at QD (Incompatible with a;)
Compromise — Bypass on QF & QD in arcs

(This solution is in effect a stop band correction system in the arc. It is separate

from the gamma transition system and leaves space for the a; correctors.)



a; — Errors

Effects:

Stop bands
Difference resonance (coupling) v, = v,

Sum resonance 57, 58th harmonic
Coupling (v, vy — v1, v2 | Bs, By — Br, Ba)

Driven by average (systematic) a;
Betatron function distortion

resulting in loss of acceptance

Driven by sum resonances
Tune splitting (v1 - v2 > 10 x 1073)

equivalent to lacking control over betatron tunes
Vertical Dispersion
1) at X-ing points: loss in luminosity

2) at injection & beam dump

Sources:

a3 in dipoles
dominant contribution to systematic ay

Rotation of quads: INSTALLATION ERROR
B* =6m Arc Quads & Insert Quads contribution

B*=2m Insertion quads dominate

Vertical closed orbit errors in sextupoles (feed down)

Correction System

Sorting of dipoles but improvement limited due to quadrupole installation error
Vertical closed orbit error control (eliminate feed down)

Coupling correction

1) Skew correctors at Q2/Q3 and Q5

2) Error correction at the source with a; at QD in arc

Compensate systematic a; in each arc (this is dominant source of coupling)



— Betatron distortion correction
Sum resonance stopband correction with a; at Q2/Q3 and Q5
individually adjusted

—  Vertical dispersion correction

S.Y. Lee: ay at Q9
together with a; at Q2/Q3 and Q5
(This solution would provide space for b; stopband correctors at QD)

Parzen: a; at QD in arcs
(Wiring configuration simulates Q9 and allows simultaneous coupling

correction)



