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Abstract

In this paper we present an optimized high-3 insertion op-
ticsfor IR1 and IR5 for Ring 1 and Ring 2 of the LHC Ver-
sion 6.0 at different running energies. The transition optics
from collision (7 TeV) to injection (450 GeV) are investi-
gated. Furthermore these optics allow the minimization of
the cost of the specia infrastructure by simple modifica-
tion of the triplet powering. A dedicated study of the run-
ning conditions at 900 GeV per beam (Tevatron energy) is
also included. The performances of the experiment and its
implications from the experimental point of view are also
revisited.

1 INTRODUCTION

The main differences of insertions IR1 and IR5 in Version
6.0 with respect to Version 5.0 are the individual powering
of the quadrupoles of the dispersion suppressor. The new
insertions are described in detail in [1]. As aresult of this
modification we have additional flexibility in the matching
of these insertions. Taking advantage of this flexibility we
redesigned the optics for the TOTEM experiment at high-3
(6* = 1100 m) and furthermore we incorporate its require-
ments (see [2]) for al the optics of the transition from col-
lision to injection (*= 18 m) if possible. This property
allows the optics to be adapted to the beam conditions, as
they evolve during the operation of the LHC.

2 DESIGN REQUIREMENTSFOR
TOTEM OPTICS

The geometrical layout of the right part of IR5 is shown
in figure 1. In the following only vertical Roman pots ar-
rangements are considered.

The optics requirements for the TOTEM experiment at
collision energy of 7 TeV for ameasurement in the vertical
plane with the nominal normalized emittancee,, = 3.75
m rad, are summarized as follows[2]:

e AtthelR, 8% > 1100 m where z = z,y, af < 04
and D" < 0.13. Neverthelessit is desirable to have
=0, D*=0and D,*=0.

e At the detector place (RP1), (¢y, — ¢;,) =
/2, 3n/2,...and B, > 20mi.e. My 12 = Ly cff=
150 m. Furthermore it is very desirable to have the
twiss matrix elements M 12 = My 12.
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Figure 1: Layout of theinsertion 5, Version 6.0. The upper
part reproduces the standard insertion while the lower part
shows the location of the three Roman pot stations RP1,
RP2 and RP3. The layout is symmetric with respect to
the IP.

3 TOTEM OPTICSFOR RING 1 AND 2
AT 7TEV COLLISION ENERGY

3.1 Collisionopticswith 5= 1100 m

The best solution is found, as in Version 5.0, assuming
that the low-3 triplet could be independently powered but
strictly antisymmetric. To match properly Ring 2 we are
obliged to double some of the trim power supplies of the
dispersion suppressor quadrupoles. Q4.L5 of Ring 2 is ex-
ceeding the nominal maximum gradient by 7.8%. How-
ever this value could be acceptable without requiring new
equipment [3]. Figure 2 shows the solution for high-3 op-
tics with 83=1100 m, for Ring 1 calculated with MADS8
[4].

Furthermore by increasing the gradient of the low-/3 trim
power supplies until 4000 A (~ +£73.3 T/m) if we have
only one polarity, [5], we have a high-3 optics equivalent
to the high-3 optics described before with:

e onemain power supply of 12000 A, powering Q2 and
Q3,i.e. Q2.L5=QM?2.L5 and Q3.L5=—QM?2.L5 +
QT3.L5.

e two trims power supplies of a maximum of 4000
A, for Q1 and @3, with the same polarity i.e
Q1.L5=QT1.L5and Q3.L5=—QM2.L5 + QT3.L5.

This solution seems the most economic way to implement
the requirements of TOTEM in IR1 and IR5.
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Figure 2: High-3 optics with 5*=1100 m in Ring 1 around
IP5, Version 6.0.

The measurement in the vertical planeisfeasible without
serious disturbances for the cryogenics by placing the Ro-
man pots before D2. The most significant parameters for
the experiment in Ring 1 are summarized in table 1. Due
to the antisymmetry of the triplet the situation for Ring 2is
completely equivalent. The beam sizes are calculated tak-
ing the nominal normalized emittancee,, = 3.75 pmrad.
The displacement at the detectors place y 4 has been calcu-
lated taking y* = o, and ¢, = 14urad. The 6, ., and
0y.... Nave been calculated for an opening of the Roman
pots of £1.5 mm and +£25.0 mm that correspond to the
radius of the vacuum chamber from [6] respectively. The
[ty.....| @D |2y, . | have been calculated for p= 7000 GeV.

We have calculated the geometrical acceptance around
IR1 and IR5. The procedureto estimate the maximum ac-
ceptance at a given place aswell asthe aperture parameters
for the LHC magnet classes are described in detail in [6].
The minimum acceptance for optics occursin TAS1 ab-
sorbersand is equal to 721=9.09. From the point of view of
the measurement this element is not imposing alimit in our
measurement.

3.2

A solution could be matched by keeping the same power
principles for the low-3 trim power supplies, if we dou-
ble some of the trim power supplies of the dispersion sup-
pressor quadrupoles and we could increase the strength of
Q8.R5 and Q8.L5 by 14%. By relaxing the conditions
af = 0and Dz* = Dz'* = 0 we could matched an op-
tics without increasing the strength of 8. R5 and Q8.L5.
Q4.L5 and Q6.R5 of Ring 1 and Q6.L5 and Q4.R5 of
Ring 2 are exceeding the nominal maximum gradient less
than 4%. These values are acceptables without requiring
new equipment [3].

The geometrical acceptance is 9% below the specifica
tions but the value is compatible with the recommended
value due to the fact that we are running without crossing

Injection opticswith 3 = 18 m
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angle and with a reduced number of bunches[7].

3.3 Transition optics at collision energy with
measurement for 32 going from 1100 m to
150m

A continuoustransition in quadrupole excitation from 3 =
1100 m to 150 m could be found by keeping the same pow-
ering principles for the low-( trim power supplies and the
possibilities of measuring in al the range of 5. Note that
in that case we also need to double the trim power supplies
of some of the dispersion suppressor quadrupoles. Some
quadrupoles are exceeding by less than 3 % the nominal
maximum gradients but the values are acceptables without
requiring new equipment [3].

The geometrical acceptance is sufficiently large and is
not imposing alimit in the measurement.

3.4 Transition optics at collision energy for 3
going from150 mto 18 m

A continuous transition in quadrupole excitation from 37
going from 150 m to 18 m could be found by keeping the
same powering principles for the low-3 trim power sup-
plies, although the slope of the gradient transition changes
its signs. These problems could be avoided by injecting at
B =150 m. For this last injection optics the geometrical
acceptanceis 16% below the specifications but the valueis
compatiblewith the recommended val ue dueto the fact that
we are running without crossing angle and with a reduced
number of bunches|[7].

4 TOTEM OPTICSFOR RING 1 AND 2
AT 900 GEV COLLISION ENERGY

Inthe TOTEM Technical Proposal [8] it was mentioned the
interest of running at 900 GeV per beam (Tevatron energy),
because the optics with 5*= 1100 m would make possi-
ble the measurement of Coulomb interference (momentum
transfer t,,,:,| = 0.0005 GeV ?) feasible at that energy.

Taking the high-3 optics of IR1 and IR5 Version 6.0
(8*=1100 m) described before, we have calculated the per-
formance of the experiment and the geometrical acceptance
[6] at 900 GeV for different values of normalized emit-
tances[9].

The most significant parameters for the experiment in
Ring 1 are summarizedin Table 2. Dueto the antisymmetry
of the triplet the situation for Ring 2 is completely equiv-
aent. The displacement at the detector place y, has been
caculated taking y* = o and 9; = 24.8 urad, that cor-
responds to |t .| = 0.0005 GeV~ at 900 GeV. Thed,,, ..
and @, .. have been calculated for an opening of the Ro-
man pots of £1.5 mm and +25.0 mm that correspond to
the radius of the vacuum chamber [6].

We have calculated also the geometrical acceptance
around IR1 and IR5. The minimum acceptance values oc-
cursin T AS1 absorbersin al cases. At the nominal nor-
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€n 3.750 | pmrad
; 11000 | m
o 0.0
D 0.0 m
D 0.0
O 0.111 103
Top 0.74 mm
o 0.68 | prad
detector before D2
B 2102 m
Apiy, 0.032 2m
Ma:,12d 96.0 m
By 20.1 m
N 0.25 21
My 11, 0.0
My,12d 148.6 m
Yd 2.08 mm
lya/oy,| | 207
16y, | 14.3 urad
0y,...] | 1683 | purad
Ity 0.010 | Gev?2
€y mmas | 1.387 | Gev?

Table 1. Performance of the experiment at the IP and at
the detector place (RP1) in Ring 1 for high-5 optics with
(*=1100 m, Version 6.0 at 7 TeV.

malized emittance (3.75 pm rad) the acceptance limit oc-
cursin thelow-/3 triplet. The minimum geometrical accep-
tancen=2.77, s 60.4% bel ow the specification. The prob-
lem could be solved if we reduced the nominal normalized
emittance.

When the nominal emittance is reduced by two, the ac-
ceptance limit occursin Q1 and in T'AS1. The minimum
geometrical acceptance n,=3.92, is 44.0% bel ow the spec-
ification. This value is not acceptable. When the nomi-
nal emittanceis reduced by four, i.e. the normalized emit-
tance in the early days, the acceptance limit occurs only
in TAS1. The geometrical acceptance for this element
n1=5.55, is 20.7% below the specification. This value is
probably unacceptable from the point of view of machine
acceptance but a possible increase of the T'AS1 apertureis
now under consideration.

5 CONCLUSION

Flexibility of the insertionsislimited. The requirements of
ahigh-4 insertion could be met with some modifications of
the nominal LHC insertion hardware. A vertical measure-
ment is possible before D2 by powering independently the
guadrupoles of the triplet in the two rings. The transition
from 3*=1100t0 18 mis aso possible with the same pow-
ering principles. From 5*=1100to 150 m the opticsfulfills
all the conditions for the experiment.

Running at Tevatron energy seems feasible.

Future lines of work are : feasibility study for Coulomb
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en 3750 | 1875 | 0938 |[nmrad
* 1100.0 m
o 0.0

Dx 0.0 m
D 0.0

o 0.443 103
o7 2.07 1.48 1.04 mm
o 1.89 1.35 0.94 prad

detector before D2

e, 2102 m
A, 0.032 2
Mw712d 96.0 m
By, 20.1 m
N 0.25 2
My, 0.0

My>12d 148.6 m
Ya 3.69 3.69 3.69 mm
lya/oy,) | 132 184 26.4

10y, 14.3 14.3 14.3 prad
16,00 | 1683 | 1683 | 1683 | urad
i 0.00017 | 0.00017 | 0.00017 | GeV 2
lty...| | 00229 | 0.0229 | 0.0229 | GeV?

Table 2; Performance of the experiment at the IP and at
the detector place (RP1) Ring 1 for high-§ optics with
(£*=1100m, Version 6.0 at 900 GeV for different emittance
values.

scattering measurements at 7 TeV collision energy and a
detailed study of the acceptance of the detectors.
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