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An application package is developed to carry out an interactive procedure for a transverse beam matching and
correction in INR Linac. The results of multiple beam profile measurements in several accelerator areas are used.
The currents in steering coils are found to suppress the beam displacement. The gradients in quadrupole lenses are
calculated to match the beam. This procedure is successfully used in accelerator tuning.

PACS: 29.27.Eg
1. INTRODUCTION

The Linac of Institute for Nuclear Research of the
Russian Academy of Sciences (INR) is a high intensity
accelerator [1]. Therefore, it is important to achieve op-
timal beam transportation throughout the accelerator
with minimum beam losses.

There are five areas in the high energy accelerator
part (above 100 MeV) where the measurements are
done to observe and to adjust beam characteristics.

2. INSTRUMENTATION

Transverse behavior of the beam is monitored by
wire scanners. From three to five wire scanners are in-
stalled in each measuring area of the accelerator. The
scanner consists of two perpendicular wires, which are
parallel to horizontal and vertical axes. The two-wire as-
sembly is moved across the beam by a step motor. Scan-
ning is made through the whole accelerator channel
aperture in the range of #20 mm. A scan step is set by
an operator and can be equal to 0.5, 1 or 2 mm. The du-
ration of measuring cycle depends on a number of scan-
ners used and is about 10...15 minutes. Processing of
experimental profiles (Fig.1) gives rms size of the beam
and position of the beam centre for both transverse
planes. These data along with information on focusing
structure of the measuring area are further used for data
treatment.
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Fig. 1. Example of beam profile measurement

3. TREATMENT OF PROFILE MEASURE-
MENTS

The results of rms beam size and the beam centre
measurements in the point of wire scanner longitudinal
location for each phase plane represent vertical lines.
The disposition of these lines can be transferred to an
arbitrary point of measuring area by a matrix transfor-
mation.

The results of measurements with several scanners
transferred to a selected position represent a set of lines.
The phase ellipse is inscribed with the iteration algo-
rithm in central part of the phase space separated by the
lines, the sum of distances for all the lines to the ellipse
being minimized (Fig.2).

The parameters of phase ellipses s, B., i Q). B, ¥
and the emittances & and &, are calculated in rms mean-
ing for any point of interest. Below the results of treat-
ment of measurements are presented for a 100 MeV
INR Linac measuring area.
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Fig.2. The inscribed beam phase ellipses related to the
entrance of the measuring area at 100 MeV region
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The method mentioned above has computational er-
rors in determination of the ellipse parameters which de-
pend on mutual disposition of the lines. To decrease
these errors, a procedure is carried out for several points
along the measuring area. Then the parameters of all the
ellipses are transformed to the point of interest by the
matrix transformation and the mean values of the pa-
rameters are calculated. For example, the parameters at
the entrance of the 100 MeV measuring area are the fol-
lowing:

B:=1.01£0.03 mm/mrad; B,=1.48+0.04 mm/mrad;

a,=-1.22+0.04; a,=0.24+0.04;

£=0.63+0.01 mmlthrad; & =0.66+0.01 mmbhrad
The errors shown represent procedural errors of the
method and are only the part of the total errors.

Similarly one can get a series of transformed straight
lines for a beam centre. Ideally, an intersection point of
these lines is a beam centre in a phase space. Normally,
due to errors, all the lines do not intersect in one point,
so the point of beam centre is found by minimizing the
sum of distances to all the lines (Fig.3). Similarly to the
procedural errors for ellipse parameters there are proce-

dural errors for centre determination and the values re-
lated to Fig.3 are:
Xeentre=-0.1320.17 mm; Yeonre=0.50£0.14 mm,;
"enre= -0.162£0.31 mrad;  Y’enr=-0.8020.18 mrad

Fig.3. Determination of the beam centre for the en-
trance of the measuring area at 100 MeV region

Fig.4. Lattice (a) and tracing of the [ -function before (b) and after (c) matching procedure
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Fig.5. Tracing of the beam centre before and after correction (first step of procedure)

4. MATCHING PROCEDURE

Reconstruction of transverse beam phase ellipses
and determination of the beam centers in an arbitrary
longitudinal point is necessary for the subsequent proce-
dure of beam matching and correction. The elements of
focusing structure and wire scanners for 100 MeV mea-
suring area are shown in Fig.4,a. The tracing of the

found phase space ellipse parameters along the measur-
ing area is presented in Fig.4,b. To minimize the beam
size, a specially developed matching algorithm is used.
The gradients in the first four quadrupoles (for
100 MeV area) or quadrupole doublet assemblies (for
other measuring areas) are varied to match the entrance
beam parameters found by the method mentioned above
with the downstream accelerator structure. After
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selection and setting the values of gradients the profile
measurements are repeated. Fig.4,c shows a behavior of
the beam after proper matching. Sometimes the match-
ing procedure must be iterated several times for better
results.

5. BEAM CENTRE CORRECTION

There are additional windings in the quadrupoles to
produce an additional dipole field for beam steering.
Two steering elements for each plane are used in each
measuring area. A standard correction procedure [2] en-
ables to suppress displacement and angle of the beam at
the exit of the second steering element in both horizon-
tal and vertical planes.

The correction procedure is carried out after comple-
tion of the procedure of beam matching.

The steering currents are calculated with a separate
code. Fig.5 demonstrates a behavior of beam centre
throughout the measuring area before and after correc-
tion.

To estimate the correction efficiency a special pa-
rameter was introduced. It is determined as an rms devi-
ation of the beam centre from the ideal axis averaged
over the measuring area. Fig.5 demonstrates an im-

provement of beam behavior after the first step of cor-
rection. The parameters defined above are Xcen.
ms—0.95 mm, Ycen,.,~1.81 mm before correction and
Xcen,,=0.87 mm, Ycen,,~0.70 mm after correction.
To improve the accuracy several iterations are required
though further studies are necessary.

6. CONCLUSION

All the algorithms mentioned above are included to
the application package. The method has been tested at
a 100 MeV region and is planned to use in all the mea-
suring areas of INR Linac. This application package is
developed for interactive analysis and control of trans-
verse beam parameters. Effective beam matching and
correction are achieved in the first experiment.
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HUHTEPAKTUBHASA NPOLEAYPA IIOIIEPEYHOI'O COI'VIACOBAHUA 1 KOPPEKIIUU ITYYKA
HA JUHEMHOM YCKOPHUTEJIE USIM PAH

C.E. bpacun, A.B. @ewenxo, O.B. I'pexos, H.D. Jlebedesa, B.H. Muxaiinos, A.H. Mup3zosan, B.A. Moucees,
O.M. Bonookeeuu

Pa3paboTan makeT nmporpamm IJisi IPOBEACHUS HHTEPAKTUBHOHN IMIPOIEIypHI IIONEPEIHOTO COTJIAaCOBAaHUS U KOP-
PEKIMH MTy4YKa 10 pe3ysibTaTaM W3MEpeHus npoduiei myyka Ha pa3IMYHbIX y4acTKax JUHEeWHoro yckopurens VSN
PAH. OnpeznensroTcst pe>kKUMBI BKITFOUSHHSI KOPPEKTUPYIOMIUX 3JIEMEHTOB JIJIsl BEIBEJICHHS ITyYKa HAa OCh YCKOPHUTE-
71 ¥ TPaAMEHTHI TIOJIel KBaJpPYyTIONbHBIX JTMH3 JJIS COTIACOBAaHMA IMydKa ¢ (POKYyCHPYIOMIMM KaHAIOM YCKOPHTEIS.
PaspaboTaHHas nponeaypa YCIEeIHO UCTIONB3YETCs TP HACTPOHKE PEXKUMOB PabOTHI YCKOPHUTEIIS.

IHTEPAKTHUBHA ITPOIIEYPA MONEPEYHOI'O Y3IOJKEHHS I KOPEKIIII ITYYKA
HA JIHIMHOMY NNPUCKOPIOBAUYI IS/ PAH

C.€. bpaczin, A.B. ®ewenko, O.B. I'pexos, H.®. Jlebedesa, B.H. Mixaiinos, A.H. Mip3oan, B.A. Moucees,
O.M. Bonookeeuu

Po3pobiieHo makeTt mporpam I IPOBEACHHS IHTEPaKTHUBHOI IPOLEAYPH IOIEPEYHOr0 Y3rODKEHHS 1 KOPEKLil
Mydka 3a pe3yibTaTaMH BUMIpy NpodiliB Iydka Ha pI3HMX IUISHKAX JiHiHOTO mpuckoproBada [SJ1 PAH.
Bu3HaualoThesl peKMMHU BKIIIOYEHHS KOPHTYBAJIBHHX €JIEMEHTIB Ul BHBEICHHS Iy4Ka Ha BiCh NPUCKOpIOBaYa i
TPaJlieHTH TIOJIIB KBAAPYNOJNBHHUX JIIH3 IS Y3TO/DKEHHS Iydka 3 (OKYCYIOUMM KaHaJIOM NPHCKOpIOBada.
Po3pobnena npornenypa yCHinHo BUKOPUCTAETHCS IPU HACTPOIOBAHHI PEKMUMIB POOOTH ITPUCKOPIOBAYa.
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