
) (_'"©'f' SLAC- PUB- .-5 78,'7

l_ Beam Based Allignment of Sector-I of _e SLC Linac* _t_)

P. Emma

Stanford Linear Accelerator Center, Stanford University, Stanford CA 94309

misalignments. A simplified illustration of the concept is
ABSTRACT shown, in Fig,2.

A technique is described which uses ttie beam to
simultaneously meastu'e quadrupole magnet and beam position
monitor (BPM), transverse misalignmenm. The technique is
applied to sector-l: of the SLC linac where simultaneous .:::::: .
acceleration of electron and positron beams with minimal .._":*::_i_ii......_ -. [::_-

x 3 iii!!!iil/:i: O_ ' _ib,

steering elements and BPMs m',_es quadrupole alignment _iiii!ii!ilil A ) 2

critical for high transmission, of ,,lielinagetransverse emittance
positron beam. Simulation results as well as me.asm'ements
are presenteO=

I_. 'I:NTRODUCTION BPM..1 QUAD.1 COR.1 BPM-2
Sector..l of the SLC linac is a -100 meter beam line

segment which accelerates electrons and positrons from 2(X) Fig 2. Simplified illustration of beam based 'alignment scheme
MeV to 1.15 GeV for in.jecuon into Lte damping .rings. The Ali transverse position,offsek_are token with respect to an
largest sex.Lionis a 60 meter dense system of 62 quadrupoles orbit:toryreference line which, in practice, may be defined as
wrapped around five 40-foot rf wave guide sections to form a (for example) a line through the first and last BPMs in the
strong focusing FODO array designed to minimize beam size beam line. The beam position measurement (mi) at BPM..i is
for optimal positron transmission (Fig 1): The limited, space assumed to be the sum of all upstream beam line kicks from
allows for only one BPM, one horizontal, and one vertical', quad off, ts, steering correctors, incoming launch conditions,
steering corrector per wave guide. Simultaneous steering of and gPMoffset its in (l).

the two beams to optimize transmission is a difficult task _x,/-"]_lwhich has ilis:orically produced a peak ¢+ transmission of m, = xi- bi = . -b;

-90%. Optical survey alignment techniques have not _ No' ( )routinely achieved the 100 tam rms quadrupole alignment "x,= Rrn_:°x_+ R_ci0c_+ _2 R (Q_:'_I- R(Q_)
desired and beam.ba_d 'alignmenttechniqueshave worked weil / J , (1)
at the SLC [11,so the same was sought for xector-I. where bi is the stout offset at BPM-i, R is the 2x2 transfer

matrix from BPM-1 (BI :i), or from corrector-j (C.i:i),or from

II. DESCRIPTION OF THE CONCEPT quad-./' (Qi:i), ta BPM..i, or simply the matrix across quad-./

Quadrupole antl BPM transverse misalignments are (QJ)"xi' tj, and qj are, respectively, the incoming launch
calculated by assuming Ltlelinear optics between "allbeam line position/angle vector at BPM.I (the first BPM in the beam
elemenu;are known then acquiring enough non..degenemtedata line), a correcmr kick angle vector, and a quadrupole position
to construc_ a linea least squares fit for the unknown offset rector defined,as
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()))x_ . -. _ _ _ arrived atby calculating the_ functions at allbeam line

0 . qJ elernenu_ per trajectory.. By turning off ad]acem pairs of quads

7,_ - t xl e) _ 0 (2) (maFD o,' DF pan')the transver_ ems baron size. never ex ceeuJs• twice the nominal value maywhere within sector-1. This

NCi and:NQi are the number of correctors and quadrupoles scheme produces 62 trajectories (Nt = 62: one fbr all quad:;
upstream of BPM-.i, and I is the 23<2 unity matrix which tlwned on and 61 with one unique adjacent wtr ot"d3e 62 quads
derives from a thick-lens quadrupole kick. The quad off._;et:is turne.d off-- NB = g, Nu : 192, Nm : 496, DOF= 30a).
descrit:wA as onlya displacement of the quad center without an The beam line section chosen includes the firsl 8 BPMs
attempt to.resolve qtmdruI'x_le pitch. This (:1)is written ibr the after the. e+ injt_tion IX.tint and o_ly those 62 quads (QW's)
horizontal plane, with no X-Y ,,:oupting _ncluded (although its wrapped around: the rf' wave guide sections of girders 1-2
inclusion, when necessary, is astraight forward m_lification)_ through !-6 (fig 1), The other qtmck,;were assumed m have
Accordingly (I) may be written for each of the BPMs in the. zero offset. This as:;amption only changes the definition of
beam line and Sen tliis Set ot!equati':ns written again for a the reference line. No alignment was attempted, upstream of
new trajectory with dii_,thre.ntquadrupole strength SEttings and the e+ injection point, and only trajectories of the electron
different incoming launch conditions _to accommodate for beam were used because of its small transverse emittance
upstream launch, variations).. In this way a matrix equation compared to the positrons. Furthermore, the. rf was switched

(per plane) is ¢onsirucmd: from NB BPMs, NQ quadrupoles, and off tn girders 1-2 through 1-6 to produce a 200 MeV constant
N_ different beam. lxajectories. The correctors are assumed to energy electron beam and the quadrupole strengths were
have known calibrations, however a _'ale factG per corrector rescale.d such that focal' lengths were that of the acceVcrated
may also be included in ti_e fit ii: necessm-y. There are N, beam. This removed the uncertainty of the exact energy
unknowns (per plane) corresponding to NB BPM OffSetS, NQ profile through the beam line:
quadrupole l_)sition offseu;, and 2 incoming 'launch parmnek:rs Fig 3 shows simulation resulm for calculation of the
per trajector_7 _'also subtracting the 2 arbitrary reference line horizontal quadrupole offsets given mc simulation input
pm,mne.ters) conditions liated in %'able 1 below. Error bars in fig 3 are

stat:istical errors from the fit results using 50 _.m BPM
N, :: N_j + NQ + 2Nt - 2 , (3) resolution, equ'.fl for at1 BPMs.

and Nm total measurements,
- BPM rms'oi'fs_eLs .... 2(_) _.ln -_

N,, = N_j .N, (4) ..... Qlmd m'ls offsem _ ... 2(X)_m
The minimum number of di£l'erent trajectories needed lo BPMrms madtmck noise 50 t.zm

uniquely solve the sy.,;te.mis _ Quad rms k errors .... i . !,%

Nz_+ N¢2.- 2 _xl launch .ems vm-_ation 2(X).lam
N,, - N, >_0 _ N, 2 .rI ' launch rms varmuon 200 _arad

N_ .- 2 (5") .....
Table i. Simulation inpul con|:tition.,; for fig 3 and 4 (all randnm

However, u_disentangle quairupole offqets from Bt-_,, offsets distributions m'e gaussi;m with fig cumfft.
requires changing the strength of each :!uadrupole al least once.
For any quad with no su-engfl] v;mat.ion its ot:f'_:t cannol be ' ' t ..... 1 .... I ' ..... J

resolved and the suauc kick imparmd by ils offset will only 0.a 1" -j

arise as additionS: off, ts tothe BPMs downstream of thai q_md T ' I
(i.e..redefinethereferencelinecoord::,'uesys|,m). " ; r i r.

Stability of the lint_tr system is a function c.,fthe difference o.n .

,n quadrupo,e strengths from one traje,'tory to the ne:_tand d,e _, ix_ _'Iv _ _f -._ ?t !_ ! (_i'_["' i

betatron phase placement of the BPMs. This ques|ion is 3

addressed in' simulations of the particular applicatMn. The _.-,.:_
quadn_pole strength ch_mges can be implemented by rescaling [--

(or switct;fing oP:'_ one, several, or all quadrupoles per tL :[
,, ]

traje.ctory. -..-!........... ! .... ! .... '_{1 40 80 fl[]

7,/meter_

TIL SIMULATION RESULTS

Feasibility studies as well as sot'tware testing was Fig 3. Quadrnpoh: horizonlal pesi_ion offsets resuhing from
conduced ill: simulation by generating mm_y trajectories based simulatinn conditions of Table 1. The mm offsets (solid) and the

on the sector-I lattice with random quadrul_le and BPM fim'-doffsets (dashed) m'eshown and agr_ a_frequencies >.l#.

misalignments as well as realistic random variations in the The fitted lmmch conditions (not shown) also agree well
upstream 'launch conditions. In addition, quadruIx_le focusing with the known simulation input condition.s, however these
strength (k) e_zors and BPM readback noise was inu'oduced to accurate fit resulu; are only achieved by a 'chi..squared'
examine stability of the linear system• In addition, a practical
...u,..,.,, r,-,,...,_,49,;on" _f ,h_,,nnnrl q_r_.nmh_:ryer traie.ctorv was
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minimization which fort:es a 'soft constraint' of the t:iued covrector setting,'; are then used in: tJaec',a.lculation (1); Fig 5
parameter; .around zero as m (6). shows fitted horizontal quad misalignments for two c_.ltaset_.

z =Z a- + ±-
i.,l o'',2 j..l: j,,v _S/"pj - c: 1._;taken ;n"te.r'13 quads were morea horizontally ba,a'.d on the(6) data of fig 5a (;vertical alignment c_._rr¢.-,:tionsm_tshown):

only the weighted dift'erence_; to l.he.IVm meamxremenks, mi,

but al._a_to minimize, within the soft cor_straint value of ,_j, 0._fl I i}

then" differences _._ the. c.onstrairmcl vah, es ¢:./.(=0 in this _ _ !_:_ ,_{_ _.5_:{, _"_ { i
appli_mtion), This is necessary batcause tl_is alignment met.hod / I ¼,.

is not sensitive to h'_w .eque.ncy (.<f/d)v_iations of the quad' ] o,,, _!. l?:i,__ II _- ]:_ _ l._.( ]

occur at frequencies lower than approximately the D.'mmm g __,_
frequency, and th{rretbre the kick r)roduced by switching on c:r
oi:i: the quad is sm_]:. Small me.asnreme.nt: errors conspire u) . j

cause an anomalous low t_equency variation in the fh re.,:ult.q, l_-'--_--_V _' ....... -' -F-' '-' 7tiThis is ,,_'.enin the horizontal quad oft_ets of fig 4 which were

fitu'.d with tl'm same sirnuhuion conditions of Tat, le-I, andnO,soft constraints, applied, o.,', I-;l :! } *:_

._ " Fig5. Horizcmtalrru.','k,_uredquad _fffsels.b_ibre (a) _mdafter (b)-_'8 _ ..... t ......... ) .... '_ runnel corrc_tiuns we'remade basedt_n(a). Tlm ('h-st20 qllad,_;
_{I 4o _n m} (Z=I0 m 30 m) have never mt'..a:;ur_treproduuibly.

The large mis_ignment flyers (>300 Rrn) pa,,;t girder 1-2

Fig 4. S_u'nedata as fig 13w.ilhm: soft constraints, applied (i.e.. _V5 (fig 1) were removed. ,,_owever the 20 q_m_-utmles on gn,der 1-
=-_). The low _equenW c_rnb_.menldrifts -1 mm off the trim 2 have never been measured reproduciblT. Tile reason,,; are nol

curve, however tile high frequency chm'acIer it; still _:eprmtuced. known, except to comment thai thtr.; i.,;the mosl de.nse quad

BPM offsets (not. shown) , however, are more difficuJ_ to section and the three BPMs in front of girder 1-2,1-3, and 1-4

measure accurately since their betal.ron spacing i,; < f/3 The are approximately ntr apart in betatron phase and therefore
s{)ft constraint values, _$/,u:md in the fit of figs 3,4 are about blind: m some upstream quad offsels. Sy:-_tematic,_tend to
2-3 times the input rm_{values used. These are estimated in dominate in this area.
real application.,; by relating the rms of a measured beam The peak positron transmission after alignn.,nent waa not
trajectory to expected:qtmdrulx_le r'ms misalibmment.,_, significantly improved, However, the necessary tune-up time

for attaining goc_cltransmission was decreased and the total r-ms
IV. BEAM DATA RESULTS of the corrector strength,,; used in l.he regicm was signit:icant.ly

reduced malting 'beam line .'.;ettlproom reproducible°Data acquisition was l_.'rformed with on-line _fl.ware to

galher the 62 quadrupole strength settings, 13 correct.or V. A_KNOWLEDGMENTSC" ' "
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