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MOMENTUM CLEANING IN THE CERN LHC

D. Kaltchevy M. Craddock®, R. Servranckx, TRIUMF, Vancouver, Canada
T. Risselada, CERN, Geneva, Switzerland

Abstract The additional requirement that the momentum collimators

. . S . ust never touch the nominal circulating beam points to
This paper describes the optimization of the optics and ?rﬁ . . . . .
) o e “normalized dispersionD, /+/3.. as the quantity to be
the collimator geometry for the momentum cleaning mserfnaximized If its value at the primary momentum colli-
tion IR3 of the LHC. To collimate the off-momentum sec- ‘ P y
ondary halo without disturbing the circulating beam, the
normalized dispersion in IR3 is made as large as in the
arcs. The jaw locations and orientations are numerically ==
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optimized to reduce the momentum-dependent halo ampli= ___ | x g D/ D
tude. The secondary halo is kept within the available aper- o ot

ture for momentum deviations up to 0.44%, where the hor- <>+ | "} JASE A
izontal aperture ido, compared td 2o on-momentum. 00 | AN / | oo

1 INTRODUCTION

The collimation insertions IR7 and IR3 of the LHC are \FAVAAVAVAS A
used forbetatronandmomentuncleaning respectively [1]. OO 20, aco. | edo.  sdo.  romo  izbo.
The latter system must leave the nominal circulating beam I
unperturbed but be able to intercept off-momentum parti-
cles close to the top or bottom of the rf bucket. This re- . .

. . ) L . mator is large, even off-momentum halo particles close to
quires normalized dispersion in IR3 as large as in the ar

(Sec. 2). The collimators consist of 4 primary and up to 1 e nominal beam can be intercepted. Unfortunately the

secondary pairs of flat jaws. The code DJ (Distribution o*mpOSS'b'“ty of changing the machine geometry in the nar-

Jaws), [2] optimizes the locations and orientations of the tunnel around IR3 does not allow values larger than

. . . . i . : .. Ihthe arcs. In the proposed optics a normalized dispersion
collimator jaws in a given lattice with the aim of restricting : : ) ;
: close to the arc values is obtained at insertion quadrupole
the maximum extent of the halo generated from the fac

of the primary jaws. Only minor modifications to the al- jh?" frgg.le%t tS:cr)iWitthISi Iz?:rgosnhg\,‘\j,gcj ;’Y:';Zr:'aeﬂ:e?g?
gorithm of DJ are necessary to describe collimation witl§°'"9 gnt. F1g P

Figure 1:3 and normalized dispersion functions in IR3.

§ = dp/p # 0, as long as there are no bending magnets =~ '~ "~ "l o 0T T

between the first primary and last secondary jaws. This is 15— 1 bucket ]

because within this section the “escape polygon” [2] (the | .

window in initial-angle space corresponding to trajectorie3 I ]

escaping all secondary collimators), is independeitof £ o -

E; I ggﬁtr:?art\or & %, ]
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The betatron and momentuncleaning insertions of the” [ @é@ @o@'&HALO BEAM HALOO%’% %%I

LHC will use similar magnet configurations. The nominal  © C ]
ring separation is increased locally from 194 to 224 mm &b~ L . o+ . . 1 . . o | . .

using warm dogleg dipoles located at the ends of the long * L3 [10310

straight sections housing the collimators. All quadrupoles

in these straight sections, which have to absorb high 'eveﬁgure 2: Horizontal - longitudinal shaping of circulating

of particle losses, are normal-conducting. Note that the 18§a4m and halo by therimary betatron and momentum col-
tice functions in IR3 and IR7 are quite different: for betaqimators.

tron cleaning the dispersion functidn, and its derivative . . .
are tuned tog 2er0 atpthe primary ggﬁimators whereas fo?f the horlgontal _mechanlcal aperture available around the
momentum cleaning large dispersion values are require.%l.osed orbit for different momentum emor values. The plot

iS'made for injection energy conditions and neglects chro-
* Also at Dept. of Physics & Astronomy, UBC, Vancouver, Canada. matic effects. Only elements with teenallestipertures are




shown in the figure, the other elements being in the shadod) |z9| > |dno| and 2) zy has the same sign a8
The primary collimators are assumed to be flat and uprighfthe circle cannot intersect the opposing jaw (Fig. 3, left).
For an element with local horizontal orbit distortian,, Therefore, the one-turn halo is defined fof < 04 =
rms betatron beam size,, dispersionD, and mechanical maxp |zo|/10 (0 > 0). o

aperturet A,, the number of sigmad/, available around 3

the closed orbit is given by o
Nagz + |5Dz +-Tco| = Am 2

. ) . i ] ) . Fig 3, 1 Circulating |
Locations with zero dispersion give horizontal lines (e.gparticle invariant cir- (x0.077)

aperture limits in the other insertion straight sections angdle. 2 Scattering. 3 )
betatron collimators). Locations with finite dispersion givesecondary halo tra-
lines with slope equal t&-D, /o, and thus proportional to jectory. 4 §-centre
their D,./+/3. value. The nominal circulating beam insidemgtion.

the rf buckets and the circulating off-momentum halo are

also shown. The latter can circulate with momentum errorg 2 Halo computation
as large as=4.5 1073,

The task is, for eacld in the circulating beam, to com-
3 CALCULATION OF THE HALO pute the e>§tent of the halo after coII|mat|or), ie. the maxi-
mum amplitudest, a2, Ay, maz, Amas SUrviving all sec-
GEOMETRY ondary jaws. Rather than scanning over all initial condi-
e H ! ! . . _
3.1 Halo Definition tions (wo,yo,'xo,yo), DJ uses the. mapping technlque de
veloped earlier fob = 0 [2]. For fixed jaw locations, lat-
The halo is defined and the collimator locations optimizegce (12 (5), 1y (s), n(s)) ands, the steps are as follows:
for a single beam passage. When a mono-energétic “ 1. A dense set ofVp halo sources, point® = (o, yo),
fraction” of the primary (circulating) beam is cut by the pri- jg generated along the primary jaw borders.
mary jaws, scattered particles with the sadn@econdary 2. For each sourc®:
halo) are generated from each point of the primary jaw — ysing the linear transformation ((2) and a similar one
faces. Fig. 3 shows a normalized phase-space plot for tfi¢the y plane) the line boundaries of all secondary jaws
scattered particles in a region without bends, but wherge mapped on to the initial-angle plate,, y,) and all
there is non-zero matcheld, (s). Heres is the longitu- intersecting points of the resultant line-images are found:;

dinal coordinatey) = gl)ac/\/ﬂ?cez is the normalized dis-  — among these the program calculates the vertices
persione, = 7.82 10~” m.rad is the emittance at injection 2l yb) (i = 1,'_',ngfr)t) of the “escape polygon”.

and the derivative’ is taken with.respect to _the horizontal The amplitudes (1), (3) at theth vertex are: A
phase advancg,. In the following, all variables calcu- TN A — r

. . Az (370,370,1)! Ai = A(mﬂamo,z)
!ate(? at Ehg ptoglnt of Sﬁattd?, Tj %O’yod) on the p”m"’}[rhyt 3. The maximum4; is found by scanning over all
Jaw located als = so have Indext ahd we assume that (") "y vertices — this is the maximum escaping com-
iz (s0) = 1y (so) = 0. Before the scatter, the turn-by-turn ;<" P bing

iti f a circulati ticl the ci bined amplitude:A,,,,., = max; A; = A;,. The code
positions of a (I:|rcu_ ating particie are on the cirlg cen- also stores the corresponding vertex numbgisourceP4
tred at(dno, dng) with radiusA, cire = |zo —  nol|. After

; . and vertex coordinate®y, ;, , yo,;, ) (Maximum surviving
scattering2), the amplitude becomes scattering angles — see [4] and references there). The same

is done ford, ;e andA4y qs.

i =

Ao, 2h) = /(2o — 6m0)? + (ah — omp)> , (1)

and the corresponding halo trajectory within the straight i§'3 ¢-dependence of the halo limits. The con-

(3), a circle about the origin, dition for zero normalized dispersion at the
primary collimator.
— I q
T = To COSfig + To SIN fla, (2)  The set of verticesx ;, 0 ;) is independent of. It de-
as is the trajectory of the centf4). pends only on the lattice and the secondary jaw setup, and

The secondary halo generated from the sourcepresents an escape window in angle space, whose cor-
P (zo,y0) is then defined to be the set of particleners move, or may be screened out, as the saBirisevar-
trajectories with initial anglest{,, y;,), horizontal ampli- ied. The corner with index = i4 determines the maxi-
tude (1), and combined (x-y) amplitude mum escaping amplitude. Tlhiedependence of, say, ;a2
comes: 1) explicitly, through the dependence (3) calculated

A(zo,x)) = \/ (zo — o) + (x5 — 0mp)* +¥3 +y5  at @o,is, T, Y0,iasYh:,) and 2) through the depen-

(3) dence of the index,.
For a pair §, P) to correspond to a halo source, the fol- As ¢ increases fron, the maximum vertex,, may
lowing two conditions must be simultaneously fulfilled:change many times, or not at all, depending on hgw




Fig 4. The escape polygon for fixed | o Fig. 2 just touches the corner of the "nominal beam” rect-
PandA = A, the maximum \ 7 angle. 16 pairs of secondary jaws are setat= 8.8 and
distance (3) from the point T to a \/A the quantityA? ..., + A2,,, is minimized for§ = 0.0045.
vertex. Asd increases, T advances £ \ Fig. 5 shows the resultant momentum-dependent halo am-
to T', the maximum-vertex number SN plitudes: the horizontal amplitudd, ,... is seen to be

ia Cr(‘zngA?)S, E’U?ﬁnanﬁ 'S't.CO”t'”U' 0// RN satisfactorily within thel2 — 7, limit set in the arc
ous (A=A). In the limiting case o

, ) ¢ N A focusing quadrupoles (wheng,,. = 0.16/,/€;), for all
1o = 0, T remains on the ordinate © /. L 5 < bmax. At S = bmar the absolute value of the max-
axis and the maximum vertex is in- .

17 S R S R 2

dependent of. Yo > Amox REI

« 107 ——Ay,max|[ 104 \\

E LR P 0T \\

2o £’ AN
compares to its critical value()’m /Omaz- In the limit- 5, £ N
ing casey, = 0, for a fixed source P, the maximum vertex = | °]
indicesi,, i4, andiy, are independent of (Fig. 4). A s 3 -
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typical horizontal cutting angle for the IR3 lattice with an 6 [1079) 8 [107]

optimized setup of 12 to 16 jaws3s< |’56,m | < 4. Apmax

is a decreasing function &f(the preferred case for momen- Figure 3:DJ results for the maximum surviving halo amplitudes

tum collimation) if|ngy| < |x6’“ |/Omaz ~ 0.05/ /€. as a function o#: (left) vertical and combined; (right) horizontal,
* with the straight lines showing tH& — 674, limits with errors

3.4 Minimization (dashed) and without (solid).

Minimization in DJ is carried out by the Simulated An-imum cut anglelzy ;, | is 4.07 (not shown) — equal to

nealing (SA) method [3]. For consistent results, the numhe theoretical optimury/n3 — n? in the horizontal plane

ber of sources need not be larger ttzanper primary jaw, (see [4]). The horizontal amplitude value shown on the

which in the case of 4 primary and 16 secondary jaws reslot is Ay mer = 4.14. This is only a little above the

sults in about 3/4 hour native computing time per SA cali2 — Nare limit (3.85). Decreasing the number of sec-

oncernsp . The maximum amplitudes and derivative aregndary jaws from 16 to 6-8 preserves the more important

taken with appropriate weights in the minimized quantity:AwMM and leads to an increase of 1s20f A,,,, and

WiA o + WoAZ e + Wa(dAy /ddimiy, — A')?,m0r- 4, . These are generated by a source wigh= 3.2.

mally calculated fob close to the edge of the bucket. Shap+or a centred beam, few halo sources are expected that far

ing the functionA,,ma (d) (increasing the slopa’ for de-  from the chamber axis, so the effectivig, ., and A, ,,q.

sired ) is more effective, but less predictable fof| >  are determined by beam position errors at the primary jaw,

0.1. For smalljng| (~ 0.01), choosingiW, = W2 = 1,  which have yet to be studied.

W3 = 0 ensures that the whole curvg, ... (9) is shifted  The above result concerns an ideal jaw and lattice setup

downwards. and will be affected by chromatic and misalignment er-
rors. It has been estimated that mismatcheésandD,, [4]

3.5 Maximum extent of the halo in the arc could increase the argvalue from 0.16 up to 0.2 (dashed

line). In further simulation runs we therefore allowed a

partial cut into the bucket area, allowitg< n; < 7.8

(with ny, = ny + 1). For the deepest cut; = 6

Omaz = 0.0035, Ay mac(dmaz) = 3.6), but largest er-

OrS (Jarc = 0.2), Az.maz Was well contained within the

At the location in the arc wherg reaches its maximum
value 7., the maximum allowed horizontal aperture is
12 o0, (zare < 12) [4]. This value follows from geo-
metrical considerations, taking into account vacuum cha
bgr ~f,ec'uon, maximum horlzon'tal anq vertical closed O orizontal aperture and thé,,.. (5 = 0) wass.5.

bit displacements and mechanical alignments. In the arc: For a larger safety margin, it would be desirable to in-

Tare = Ag €O8(Ha,are + po) + 0 Nare. ASIONG@SAs — (raasen 1y around20%, and this is believed feasible

is positive,zq,c < As + Otjare, and it is therefore suffi- o, ohinorovement of the current optical setup.
cient to find solutions for whictl, ;02 < 12 — 14 fOr
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maries set ab; = 6; thus the line "mom. collimator” in



