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Abstract trix elementi/, ;; = 0. This is achieved when the elas-

The TOTEM experiment is intended to measure the totfsllC detectors are placed at the pasition where the p'hase ad-
yance is(¢s, — ¢%) =7/2, 31/2, ... anda:=0. Insertions

cross section, elastic scattering and diffraction dissociatio ; ) .
g e usually designed with:=0. This is not, however, a

at the LHC energies. For those measurements, we have s : o .
f rictly necessary requirement and it is possible that by re-

detect particles emitted in the very forward region. Th xing this condition one might gain some additional flex-
experimental method, techniques and optics layout whi |§ility which could be used for an optimized design of the

are involved are very special and quite different from thos . o .
used in the large general purpose detectors. From the opt‘@éem.on [3]. The “m't. for the valge ofi; is given by 'the
point of view a high-beta insertion (1100 m) is needed. IIgondltlon that on the right hand side of the expression (1),

this paper we present a feasibility study for an experimergt:e first te(rjm Shozld z;lways pe stﬂbftt?]m'alrlly sma(I::er than_
to be installed in IR1, IR2, IR5 or IR8. Our first objectiv e second one [4]. Supposing that the phase advance is

€ *) = i * % Fani
is to made it with no special infrastructure and minimum(‘ﬁ“*_. ¢:) = ”/_2’ 3m/2,... and takingz* = o7 the limit
cost. In % is given by:
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1 REQUIREMENTS FOR THE
INSERTION OPTICS. In the case of the parallel-to-point focusing optics, the
twiss matrix element\/, ;, represents the effective dis-
A measurement of the total cross section at LHC energigsnce of the detectors from the crossing palnt, s ;.
requires the observation of elastically scattered particles atThe minimum distance of approach of the inner edge of
very small angles (14rad, —t <0.01GeV). In practice the detectors to the beam axis,, is proportional to the
this is achieved by placing the detectors into special unitem.s. beam size at the detector position,. At the SPS
known as “Roman pots”, mounted in the vacuum chambeio|lider it was empirically found by the UA4 experiment
of the accelerator. _ _ . that the constant of proportionality, had the numerical
The detectors are placed in a long straight section of tRgyjue between 15 and 20, depending on the machine con-
accelerators on both sides of the IP. On each beam, dowditions.
stream of the crossing point, there will be a telescope of two For the protons which hit the detector just on the inner

Roman pots placed a few meters apart and therefore abledgge, the scattering angle and the corresponding momen-
measure both the position and the direction of the scatterggh transfer will be

protons. Roman pots can in principle be placed either in
the horizontal or in the vertical plane as long as the beam 9. —k | & €z
motion in the two planes is equally stable [1]. Between the = Bx Bz
detectors and the crossing point there will be magnetic ele-
ments of the machine in order to make the beams collideWheree. is the emittance. We notice that the angle cor-

The best configuration, as already pointed in [2], corrdesponds to a zero value of the acceptance of the detector
sponds to the optics with parallel-to-point focusing fromvhich reaches useful values @y ;, =~ V20.,.
the crossing to the detectors. This has the convenientFor a given emittance, small values of the momentum
property that particles scattered in the same direction af@nsfer are reached for largk and smallk. Assuming
brought together to the same point on the detector indepel-= 15, the nominal emittance value ef = 5.0 10~'°
dently of their position at the IP. Using the standard notd™ rad [5] at the momenturp= 7 TeV with 6., ~ 14
tion and takingz for z or y, we write the transverse dis- #rad correspondingtg.,,., | = 10~ GeV?, we have from
placement at the detector as a function of the displacemeifiuation (3) that

s |t2d| :psz (3)

z* at the IP and of the scattering angte Bz > 1100 m
ta=Msyy 2* + M.y 6 (1) An ad.ditional requirement comes from the fact that the ac-
tual distancer, of the inner edge of the detectors from the
wherel, 1, andM/, 1, are the twiss element matrix. machine axis should not be too small, in order to avoid

From equation (1) we may deduce that the condition gfroblems from possible beam position instabilities. A too
parallel to point focusing is satisfied when the twiss masmall value ofz; would also put unrealistic constraints on
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the mechanical construction of the Roman pots and of tithe vertical plane, except fgt,, which is 35% too small.
detectors. Assuming a minimum acceptable valuefaf However all the conditions can be fulfilled to place a de-
1.5 mm [2] this requirement can be written as tector for an horizontal measurement betwé€gnand Q6.

If the strength ofQ6 can be increased by 10 % the ideal

=1.5mm solution is obtained for a vertical measuremenbat

Liepr0:0 > 24 (4)
A prioriitis desirable to hav®?* = D'*=0, howeverthisis ~ The results for the ideal optics are summarized on fig-
not a strict requirement and we could relax this condition i€ 1 and in table 1. In table 1 we have summarized the
order to gain some flexibility in opticsD* is behaved like Performances corresponding to the two possible locations
an orbit and it is not a pr0b|em_ F@;‘* the limit occurs for the two detectors (Vertical and horizontal). The dis-
when the value of the r.m.s beam divergengeis similar ~Placements: andy have been calculated with equation (1)
in magnitude to the scattering angle The limit condition takingz* = o> and@? = l14urad. Thed.,, ., andf.

is given by:

min

have been calculated for an opening of the Roman pots of
D' 0% 5 +1.5 mm and+25.0 mm that correspond to the radius of
» K o ®) the vacuum chamber from [6] respectively. The optics have

whereo, is the r.m.s energy spread. been calculated with MADS [7].

Taking6? ~ 14urad,e, = 5.0 10~ mrad,3; ~ 1100
m ando, = 0.111 10~2 from [5] we have from equations
(4), (2) and (5)

Ihc version 5.0 TOTEM optics
HP/UX version 8.22/12
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When we are measuring in one transverse plane, there is izzz
no additional requirement for the other plane, once the ba-
sic condition of a left-right anti-symmetric optics is imple-
mented. It is very desirable, however, to have the twiss
matrix elements\, 1> ~ M, 12. The reason is related to
the fact that the scattering angle is determined by measur-
ing the displacement at the detector in the two transverse
planes; then we should not have very different resolutions B poc = 0.
in the two planes of the detector. Table name = TWISS

Different optics designs taking into account these refigure 1: g-functions and dispersion around IP5 for the

quirements are described in the following section. ideal high$ optics adapted to vertical and horizontal Ro-
man pots with fully independent loyiriplet quadrupoles.
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2 EXPERIMENTAL LAYOUT AND

DESIGN TECHNIQUE. Table 1: Performances at the IP and at the detectors place
A simplification of the experiment arises from the left-rightfor a high{3 optics in IR5 with fully independent lov$
anti-symmetry of the LHC insertions [5]. By locating thetriplet quadrupoles (nominal Version 5.0).

detectors in the right part of Ring 1 and in the left part of high-3 optics in IR5 units
Ring 2, one obtains the same transport from the IP to eitherequirements | Indep. Q1/Q2/Q3, 10 % Q6
detector. B:/8, 1100.0/1100.0 m
There are in principle three possible locations for the de-a;; /a; 0.0/0.0
tectors, one just before the dipal#2, the second one be- | Dz 0.0 m
tween@5 and@6 and the third one betweep6 andQ7. D;* 0.001
There is some incentive to find a solution where the Rq '0';/0'; 0.74/0.74 mm
man pots are vertical, which would ease the mechanica[,;*/g;* 0.69/0.68 prad
design. measure vertical horizontal
Z=Yy Z =X
3 TOTEMIN IR1 AND IRS. detec. position| beforeD2 | betweenQ5-Q6
Using the lowg triplet quadrupoles in a standard way (non Bz 20.1 20.6 m
independent gradients) [5] and all the other independenﬁ;}d 0.249 0.251 2r
quadrupoles of the IR8 with the corresponding limitationg ~~ =114 0.000 0.000
in gradients, no solution could be found. M- 12, 148.7 212.3 m
If the quadrupoles of the loy#-triplet were assumed to |20/ 0=, ] 20.7 20.7
be independently powered, it is then possible to match ﬂzzm‘" 14.3 10.0 prag
optics that fulfills nearly all the conditions beforg2 for 2raas | 168.1 1rr pra
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4 TOTEM IN IR2 AND IRS. only 10 % difference between the strengths of the Jow-

inathel ol q lesi dard quadrupoles corresponding to the capabilities of the trim
psmgt e lows trlp. etquadrupolesinastan ardway (nons ower supplies, the horizontal measurement is also possi-
independent gradients) [5] and all the other independe

guadrupoles of the IR8 with the corresponding limitations T.he next step of this work is to study the possibility to

in gradients, no solution could be found to place a dete?ﬁcrease thes* for the measurement of the Coulomb scat-
tor beforeD2. An optics that fulfills all the conditions for

a measurement in the vertical plane betwéknand (6,

close t0oQ6, could be matched. Furthermore this optics

could be used to place a detector for an horizontal med@able 2: Performances at the IP and at the detectors
surement betweef5 and@6, close toQ5, butj,, is 32% place for a high3 optics in IR8 with standard lovy

too small. The situation could be improved taking fullytriplet quadrupoles and with fully independent Igitriplet
independent lows quadrupoles but only 10 % difference quadrupoles but only 10 % difference between the strengths
between the strengths, corresponding to the capabilities of the quadrupoles (nominal Version 5.0).

tering.

the trim power supplies. The results are summarized on high-43 optics in IR8 units
figure 2 and in table 2. requirements | 10 % Indep. Q1/Q2/Q3
Two similar solutions could be found for IR2. The minor | 3= /3> 1100.0/1100.0 m
changes are due to the different locationg)dfand@6 in ay/a; 0.0/0.0
the two insertions. D 0.0 m
Ty D -0.001
800, ﬁhﬁdir?/lgpsi?:ﬁs?gg}gon‘Dp“cs‘ 20598131602 , o'; /g'; 0.74/0.74 mm
s ww] P B R 0.68/0.68 prad
1440. 1 ' measure horizontal vertical
1260. - 4 7 =X z=y
1080. L. detec. position betweenQ5-Q6
9901 [, B-., 15.8 30.0 m
ZZ ] fhzy 0.272 0.750 2
360:— [ MZ711d -0.016 0.0
180. 1 oo M 12, 130.9 -181.7 m
00260, \//40‘0. " 7 600. ‘8/0‘0. ' 10‘02)? - 200" |Zd/azd| 20.1 20.7
(m) 6., .. 16.3 11.7 urad
8l pec = 0. 6,...1 191.7 137.6 wrad
Table name = TWISS
Figure 2:3-functions and dispersion around IP8 for a high-
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