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Abstract

The use of the Hall C achromatic arc line 25 an energy anal-
yeer is proposed. It has o dispersion of 12em /% with all
the quadrupales, sextupaoles, and beam correctors switched
off. The transverse position and the sagle of the beam at
Iizutmni’ii:milpm:ilﬂrmulu:ﬂdh:lpi:ﬂ
wire scunners spaced by 2.5 m, and the lrangverse posi-
tion of the oukgonig beam is measured by another puir of
wire scanners b the exit of the arc. After the absolate
hnnuug’umﬂnud.lhtmiillh:mmﬂ inte nar-
mal achromai made by snergizing all the elements and the
beam position probe located st the mid-point of the are is
used Lo monitar the beam energy in the operational mode.
A complete error analysis shows that an absolute beam
energy measurement with ip-3 necurney can be nchieved.
Relative ENerEY messurements ad the 10~ level are also
obtainahle

I. INTRODUCTIOM

The Hall C benm line is sketched in Figure 1. The arc
achromat section of Hall C beam Ene consists of 8§ dipale,
12 guads, 3 sextupole, and 8 pairs of beam correctars [ver-
tieal and horizomtal), which trsasporta the beam with sec-
ond arder achromaticity.

The beam energy measuremeni by the arc specirome-
ter was proposed asd developed by [1), [2], and [3]. The
position and the direction of the beam entering the Hall
C arc line are determined at the entrance by a pair of
high-resolution harps (wire seannesa). ‘The position [and
direction) of the beam a4 the exit of the 34.3° bend {I.l.-l
m downstream from the point of tengency) & dedermined
by amolher pair of calibrated barp(s). For this procedurs
anly the dipales are energized. During this absoluie mea-
surement all other arc magnetic ddements such as quads,
sextupales, beam correcion are ofl, The current in the cal-
ibrated [absclutely) bendinmg magnets is varied o st Lhe
positicn o be along the cemiral ray of the magnets in the
are, With this information the beam momentum can be
determined. Thes, this method requires aseurale position
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Figure 1: Hall C beam tmnspori line

{and bmplicitly direction) measuremenis st the Barps and
an sceurate delermimntion of the magnelic feld nlegral
[ Bdl as a function of current 1 in the sre dipoles.

The quadrupoles and sextupoles are them energised to
the values required by the measared energy inm the normal
nchromatic transporiation mode. ‘The erbit cortectors am
uhnldhmlﬂihzbﬂnﬂlbummm
dewvice situnled sl the midpoint of the schromat. Under
the assumpiion that the beam momentem b aschanged
during this dransition period, we can transfer the absolute
momentum ealibration to the schromatie mode which is
very sensilive to relative shifts im the beam momeninm.
Varations in beam energy can then be measured as vani-
aiions in beam-position sl the midpoint. This achrematic
mode will, also, be capable of obtaining relative ensrgy
measiurements with substantially grenter accurncy than the
ashsalute mode,

Basic OpTICAL PERFORMANCE
OF THE ARC SPECTROMETER

II1.

The beam eavelope aleng the Hall C beam lines is shown
in Figure 1. The initisl benm conditions st the point of
tangeney ate; A x = Ay =00l em A s Ay =
0.01 mr. For & pfp = 0, the solid line describes the beam
envelope of the normal schromatic transportation Bnes,
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Figure I: Beam envelope along Hall © beam lines

B #(*) Sie [cm) Ry Rz D = Ryy (m)
1 42875 0.0z D.B084  EO234 20,1422
1 B.ETEO 0.033 11015 30332 08T
3 11.8683 0045 12265 40410 -1.5838
4 1V.160 0,060 L4516 50498 =2.90%2
5 ZlL438 0.OTE 16866 6.0686 -4.5017
& 26.725 0.5 1.EBIT T.B&75 - A5
T 30013 0124 20767  B.07TE3 -3, 1608
& 34300 0152 ZITIE D.0E51 12052

Table 1: The major first arder matriz elemenis of N-dipole
sysiem

&nd the dashed line is for the same beam line, bat switcking
off all quadrupoles and sextupoles in the are sectbon as well
a8 in the final maiching section.

For & N dipole magnet system the dispersion D ~
Hl = L2, where L iz the fotal path length of cen-
tral trajectory, and § is the integral deflection angle of Lhe
M-dipale magnel sysiem. The main elemenis of the flest
order mairix ak the exit of N-dipale aysiems are listed in
Table 1

III. ERROR ANALYSIS

The proposed measurement method is planned to obtain
absclute energy measurements ab the SE/E = 10-% level.
Anslyses Lo support an estimaste of ereaes at this level are
required. A initial ertor analysis was obtained by [3] and
the same methods were also used to study varistions and
changes in the proposed energy messurement configura-
tipn. Im this section we deseribe the ertor analysis meih-
s, including estimates of the expected ervor sourees, and
repart results of the analyses, The various error sources
and their estimated contributions imelade:

A, [mitial herp location and direction

Surveying arrors at each location should be an the arder
of 100pm,. However, with an entrance harps separsiion of
Lm, this implies an initisl direction error of 100 wrad. This
100 perad ercar translates into & 0.5 &m position .:'hq“ &5
the end of the sre, where the dispersion s abagt 12 m.
This this error alone would give Spfp = 0.4 = 10-% it is
the largest estimated source in (3] analysis,

B. PFinal harp localion

In the error analysis, it was sssumed that s random 20 pred
missleering occurs every 10.4m (an assumed intermedinie
monument loeation ], and this sccumulates to obiain a dis-
location st the end of the 41.8m are. This correaponds
te & mislocation of 200 pm al every arc cell. It somewhat
avershoois the estimate of an rms total erpror of 200 um dis-
pacement al the end of the arc, afler smoothing. The total
eflect on the beam is as pms erver of §pfp = 0,05 x 10-%

C. Location, erientation errors, ond variafions in
dipole integrated fields

Flacement eerors ase nssumed to be on the level of lmm,
they have GBitle effect. A 1 moad roll error is also ineluded;
it changes vertieal poaitions butl does nol greatly change
borisontal (energy measurement plame) loeations. A ran-
dom dipele-to-dipale bead variation of 2.5 % 10-Y rms was
l.llu]nl.:lu.td_ Illddluqu“ﬂmrquﬂjmn
than 10=4,

D. GQuad and sieering magnel effect

Iz absolile emergy mensurement mode, the guads and
steerers are assumed to be off. Remanent fields could add
some bending and therefore some ervor to the energy mes-
surement. In the initial analysis, these are assumed to be
negligibly small [contributing ervors Jess than 107% of the
dipele bends), and are not exphcitly included. In the re-
cent experimental testing, n less than 5 x 107" pemament
field contribution to the | Bdl was found.

E. Heam size effects

[t was sssumed thal the beam size ai the entrasce to the
are wios beas thas 100 wm by 10 pyrad. The beam size waould
then be less than 1.6 mm st the end of the are, and would
add & width of 10 to the nal harp position uncertainty.

F. Frield normalization error

Ap imporiest ereor which i not explicitly included ia [3)
simulaticns is the error in mesn magnetic feld (s a fzpe-
tion of emerent] In the dipales. This sheoluie normalization
will have to be obtained by & mew set of carefal abealate
mensurements on lwo or a few sample dipoles. Cureest
mensurements ase absalute sl caly the 0201 level. Analysia
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L=1m L=325m
N  SE/E SE/E
1 #0=10~* 2303
2 21x10-*  1.0x 107
4 1.14x10"Y 044 % 107
& 0.50x10-% 0.23x 807

Table 2: Error analysis bom DIMAD simulation

assumed this abssluie calibeation could be dome to batter
than the 5= 10~ level and expected & 2.5x 10— ermor lewel.

The varbows error sources were combined with random
errol generatiom msng transport program DIMAD. DI-
MAD is an established, "debugged™ transport code which
i also the basie toel sied in the CEBAF lianapoct de-
sign. Howewver, ii is not optimized for error anelysis snd it
has the disadvantage that every evalunlion requires s sep-
arate run, and therefore cannot be nsed to develop large-
statistics random variation studies. In [3] analysis, 10 ran-
dom erter seeds wers fun and obisined error eslimates of 3
=6 x10-%. Analysis mentioned above indicates that sn nb-
solute beam snergy messurement st the 1.0 to 1.5 x10-2
level is obininable,

IV. OPTIONS FOR THE ARC
SPECTROMETER

Following the peevious ssalysis, some wariations on the
measurement fechnigque were explored. Varation of the
placement of the faal harp was consldered. The 34.3" arc
bas B dipoles, and the finel harp could be loeated after
any ome of these. E:mr-l.l.lqu:fm 1, 2, 4, and 8B -d.ipulc
configurations were simulated using the sams mathods and
the resulis are summarized in Table 2

A shorter configemiion would permit more sccurate
alignment, Heowever the dominant errar is the nitial mis-
.l-l.-bu:'..,; and the resulting displacement inerenses Bnearly
wilh Mp, the nmmber of dipoles. The energy-dependent
displacement ls propertional Lo the dispersion D, which
increnses as N3, so the energy error SE/E decreases as
1/Np. Accumulation of random errors also decresses ns
1/ Np. Thes, the longer aee s favosed.

The dominant ergar is the ereor in the iritind dicection,
and that eror waries inversely as the initial intechnrp dis-
tance Imeressing that from the initially propeosed valss of
1.0 m Lo 2.5 m (& mazimum valee with the existing geome-
try) was considered, The errar anslyses showed 8 decresse
in the Np = B SE/E error from 0.5% 10~ (0 0.23% 10~ and
u decresse in Np = 4 error from 1.14x10°% 1o 0.44x10-%
The current plan is to increase that intetharp distance and
chiain the = 1= reduciion in error size.

The ceror spalysis actaally uses only Lhree harps. The
proposed configuration includes three pairs of harps: p.un

al the b-u,;inni.n;, center, and ead af the arc. The batps al
the center provide an energy messurement with bransport
quads on asd Lhe arc tuned to schromatic mode (360°
phase sdwnce), when the dispersion has a 2 m maximum
si the eenter. Thizs messarement will be cafibraied by the
propased absalule snergy messuremeni. The ceater harps
will also provide an additicnal Np=4 messurement in the
ahsalate energy calibration, which will be an impeortant
consistency check. The final harp pair will alss provide
an independent swmluntion of beam direcibon, and can be
used s & comsistency check and to reduce steering srror
[by +2) effects,

The proposed method will be capable of obtaining rel-
ative energy measmrements with sabstantially grester ae-
curacy. In that mode the fleld normalization erear B lnap-
plicable and missteering effecis are reduced (by the strong
focusing and 1807 entrance to are center phase advance).
The dominant error should be harp misslignment and mes-
surement ancartaintics, The sum of those errors should be
less than § x ~ 0.2 mm. The resulting error in §E/E (rel-
ative) will be on the level of fx/Th ~ 10-9,

V. SUMMARY

The results af the simulations shewn above indicats that i
I8 possible Lo make an absalule beam energy messurement
to an meewrmey of about 1077 with the srrorn discwsssd
above for Lhe surveying with smocthing and assuming the
interharp distance is extended from 1 m Lo 2.5 m. There is
mo need to change the Bardware or the optical tuning of the
nchromat in the original beam line design. As the major
precision beam position probes the apgrade CEBAF hatp
« the "Superharp” is tested and completed, u special align-
menk technique for the superharps must be carefully con-
shilered and implemented. AL least two of the production
arc dipode magneis must be mapped to obisin an absclute
field integral messurement with an accuracy of 2.5 x 104,
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