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Beam losses far downstream of the high luminosity interaction points of LHC
[. Ajguirei and I. Baichev, IHEP, Protvino, Russia and J.B. Jeanneret, CERN, Geneva, Switzerland

Abstract

We consider proton-proton collisions in LHC in which one pro-
ton at least leaves the collision point with a small longitudinal
momentum transfer. The rate of these events at the nominal lu-
minosity of LHC can induce quenches in some superconducting
magnets of the downstream part of the straight-section and of
the dispersion suppressor. We propose a safe local collimation
scheme and present the residual impact on the cryogenic load.
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1 INTRODUCTION

The products of proton-proton collisions in LHC are ba-
sically of three kinds. Most of the particles which are is-
sued from inelastic collisions have a low momentum and Eigure 1:The Differential cross-sections of the inclusive reaction
large emission angle compared to the beam. They can Be— p_X as _the sum of the fqur terms discussed in the text with
absorbed by specific absorbers placed outside the vacuiﬂﬁ ordinate in mbarns. The integral & /dzr betweerzr =
chambers. Elastically scattered protons have small angu g'r?’ 0.99]is equal to 12.3 mbarns.

and momentum deviations and stay inside the acceptance

of the ring. In between these two cases, inelastic diffractiMe add respectively ther P and RRP terms from [3]
protons can induce significant losses in the straight section

and the dispersion suppressor which are located immedi- dic 2(1— xF)1+°'6‘12 434

ately downstream of the interaction point. We show that dg?dry 19mq (m2 + ¢2)? €

these particles cannot be intercepted by static absorbers
but need mobile collimators inside the vacuum chambers.
In Section 2, we discuss forward proton differential cross-
sections. In Section 3, we present the basic layout of colintegrated over?, the summed cross sectioiv/dz
lision straight sections . The method of simulation used t® shown in Fig. (1). These formulae were compared by
get loss maps are discussed in Section 4. We compare logair authors with the results of fixed target experiments
diffractive loss rates to quench limits and power depositioand partly with results at the CERN ISR. The data at the
in cryogenic magnets in Section 6. An intermediate repoHighest energy today are the results of the CDF collabora-
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of the present study was issued in 1999 [1]. tion. In a recent work [4] a differential cross-section of the
reactionp — pX is extracted from these data, which we
2 FORWARD INTERACTIONS compare to the sum of the four cross-sections given above

. . . . in Fig. 2. The agreement at the center of mass energy of
A phenomenological differential cross-section of the revg — 1800 GeV shows that the very weak scaling with
actionpp — pX, in which X represents all possible fi- .

nal states of fragmentation of one of the colliding protons’ in the above formulae might reasonably be used up to

was taken in [2, 3]. The protons in the final state suffer &4 Tev.

slight transverse kick and a large relative momentum off-

setd, which peaks near the beam momentum. Belsw, 3 LAYOUT OF COLLISION SECTIONS

is the center of mass energy squareg, ~ 1 — ¢, the o .

Feynman variableg> = —t the 4-momentum transfep ~ The layoutof the LHC collision areas is presented schemat-

stands for a Pomeron particle aRdor a Regge trajectory. ically in Fig. 3. Downstream the collision point (IP), three

The cross section of single-diffraction (SD) cover the rangénal focus quadrupoles (Q1-3) are followed by two dipoles

xr > 0.95and is usually described by tieP P andPPR  magnets (D1 and D2) which bring the beams to their re-

terms of the triple-Regge expansion. In [2] these terms agpective channels in the two-in-one magnets, separated by

respectively 194 mm. The cold D2 magnet is protected from neutral and
Po soag? a2 021 low-momentum charged secondary particles by the fixed

dfdor (2326 +0.33¢ ) (1—=r) TAN absorber which has an aperture similar to D2. With

. the condition of dispersiofiD*, D'*) = (0, 0) at the cross-

_do ing point, the nominal dispersion grows linearly between

dg*dxr Vs D1 and D2 and is equal t& = 97 mm at D2. Beyond
The Regge expansion is also used to describe noR2, the straight section contains four quadrupoles (Q4-7).

diffractive (ND) inclusive cross sections downitp = 0.7.  Beyond Q7, the dispersion suppressor and the arc form a
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4 TRACKING METHOD

With the complicated geometry described above, a Monte-
Carlo method is needed to produce impact maps of
300 diffracted protons onto the coil of the cold magnets. To
i treat correctly the non-linear optical functions at lafge
@ 1800 Gev we use the STRUCT code [6] which tracks with using mo-
O 546 GeV mentum dependent transfer matrices, which are computed
o for every particle. The lattice and the crossing scheme [5]

100 —| 0; N correspond to the version 6.1 of the LHC optics.
[e]
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I 5 BASIC NUMBERS
0 002 om "g’: 008 01 042 The differential rates are obtained with the relation
d*N o
Figure 2:Cross-section of the inclusive reactipn — pX (line) dq?da -~ d?dzp @)
compared to thep data at 0.55 and 1.8 TeV (dots).
Our calculations are made with the nominal LHC lumi-
nosity of £ = 10%* cm—2s~!. We consider protons with
Op.min < 0p < Opmar as candidates to be lost down-
stream of TAN and up to the first adjacent arc cell beyond
which the optics is periodic. The first noticeable aperture
limitation downstream of the IP occurs at the TAN ab-
sorber. With the horizontal half-aperture= 26 mm and
horizontal dispersiorD, =~ 100 mm at the TAN we get
Op.maz = 0.25. Inthe arcsD,,q, = 2.2 m and- = 22 mm,
thend, i = 0.01. The protons withy, ,,,;, < 0.01 are
candidates for an interception by the momentum cleaning
system in IR3.

6 RATES AND QUENCH LIMITS

The quench limit in LHC magnets cooled with su-
perfluid helium at7T = 1.9 K is estimated to
Figure 3:A schematic view of a collision insertion,see text. Theg - 10¢ protons m~'s~! or equivalently to a local peak
second beam channel, not drawn, is obtained by a mirror imaggwer deposition in the col?, =5 mW/cm3 [7, 8]. Part
around the central axisP — A. of the insertion magnets are cooled in a static bath of he-
lium atT = 4 K, with a not well known quench limit, but
similar to P,. The longitudinal map of losses in the cryo-
stat of D2, which also contains a bloc of magnetic correc-
continuous structure of main dipoles and quadrupoles, amors and Q4 is presented in Fig. 4. The loss density at the
the dispersion grows up t& = 2.2 m. To avoid para- entrance of D2 exceeds strongly the quench limit in IR1
sitic collisions and long-range beam-beam effects, the twlut it is below the limit in IR5. The quench limit is met
beams cross with an angle, and therefore the trajectorigsthe correctors in both areas. It is met also in Q5 and
do not coincide with the nominal central orbit. This isthe dispersion suppressors in both IR1 and IR5. A depen-
sketched in Fig. 3 with a crossing angle in the horizontalence of the loss rate with orbit or magnet displacement
plane (IP5). To cancel beam-beam linear tune-shift, this also shown in Fig. 5. In all cryostats, the integrated
crossing plane is vertical in IP1 [5]. These offset trajecpower deposition shown in Table 1 is high. To decrease
tories in the quadrupoles introduce a parasitic dispersiohoth the peak loss rates and the integrated power deposi-
thus making the relative aperture of TAN and D2 to varyion, we introduced collimators. Tracking was made again,
with §,. This reduces the protection of D2 with verticalfollowed by a refined scattering algorithm taking into ac-
crossing, see below and Fig. 4. The transverse offset obunt edge scattering [9] and by shower development with
the beam in the strong final focus quadrupoles generateste MARS’98 code [10]. A first collimator is needed in
non-negligeable parasitic dispersion 60 mm at D2) for front of D2, to protect D2,Q4 and Q5. It does not pro-
the large momentum offset of the diffracted protons. In adect the dispersion suppressor for which a second one is
dition, the dispersion is non-linear with, (~ 50 % of the needed in front of Q5. With one meter long copper colli-
linear one at, = 0.2). In the present study, the TAN is mators located at 15 r.m.s beam units, the peak power loss
located 30 m upstream of D2. at D2 in IR1 drops fromP™* = 65 mW /cm® down to
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Figure 4: The beam loss density in the region D2-Q4 of IR1 Distance from IP {m]

(vertical crossing plane) and IR5 (horizontal crossing plane) at tHeigure 6: Longitudinal distribution of the density of energy de-

nominal luminosityl0** cm~2s~*. D2 starts at 153.5 m, DH.Q4 position in the hottest sector along the D2 coil, with a radial res-

and DV.Q4 are located around 165 m and Q4 starts at 167.85 nolution of 2 mm. Empty symbols: without collimator, solid ones:
with collimator at D2.
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Figure 5: The beam loss density in the dipole B8B of the dis_magnets in the beam sections located downstream of high

persion suppressor of IR5 at the nominal luminosity. Solid hisl-um',nOSIty points. They also reduce Substantlglly the cryo-
togram: no collimators in the straight section and perfect aligrd€nic load, from 120 W down to 35 W per side at each
ment of B8B. Dashed histogram: same but with transverse di§f0Ssing point.

placement Az=4mm,Ay=4mm) of B8B. Dotted histogram: dis-

placed B8B and collimator at Q5. IR1 data are very similar. 8 REFERENCES
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