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Abstract

The ATS [1] optics solution for the HL-LHC offers the possibility of different
collision optics, with a B* as small as 10 cm in both transverse planes, or with a B+
aspect ratio of up to 4 pushing B to even smaller value (5 cm) in the parallel
separation plane while relaxing it (20 cm) in the crossing plane. The latter
configuration features two possible options for alternative orientations of the crossing
plane in the two high luminosity insertions, both considered in this study. In this paper
we study the impact of a few selected field imperfection models of the new magnets
foreseen for the upgrade through tracking simulations and scaling laws.
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Abstract The first two options refer to possible configurations at

The ATS [1] optics solution for the HL-LHC offers the injec.tign energy, and.possibly up Fo .the end of the ramp.
possibility of different collision optics, with &* as small The injection optics witi8* of 5.5 m is introduced to profit

as 10 cm in both transverse planes, or with*aaspect ra- from the increased aperture margins in the new IR magnets

tio of up to 4 pushings* to even smaller value (5 cm) in with respect to the nominal one wifit = 11 m, which is
the parallel separation plane while relaxing it (20 cm) inaISO available. . . . .

the crossing plane. The latter configuration features two All the other conf|gurat|on§ refer to conﬁgura_ltlons attop
possible options for alternative orientations of the cirugs energy. The. pre-squeeze I the stage wﬁénn IRl/.5
plane in the two high luminosity insertions, both consid-> reduced without inducing the beta-beating wave in the
ered in this study. In this paper we study the impact of nghbourlng arcs, but when optimal ATS phasing condi-

few selected field imperfection models of the new magne{éOrls can be reached .[1]' vyhile the remaining conditions
. nra‘epresent squeeze optics with the full ATS scheme [1].

Both round beams at baseline and ultimateof 15 cm

scaling laws.
g and 10 cm, respectively, as well as flat beams at nominal
and ultimateg™* of 7.5/30 cm and 5/20 cm are included in
OVERVIEW OF OPTICAL our study. In almost all cases the nominal orientation of the

CONFIGURATIONS crossing angle is used, i.e., vertical in IR1 and horizointal

The tracking studies have been carried out using the OH?S. However, each flat beam optics has also an alternative

tics configurations developed in the SLHCV3.1b version of'0SSiNg scheme with horizontal crossing in IR1 and ver-
the HL-LHC layout [2]. tical in IR5, always keeping the largest in the crossing

. . . . . Lo lane.
The opt figurat f the high-I t P "
© Optics conigurations of the IgR-Uminostty Inser In the case of IR2 and IR8, the conditions gfe= 10 m

tions regions (IR) 1 and 5 are summarised in Table 1, Which_th ; | half . le 570 urad i rical
provides the values gf* in the crossing and perpendicularwl'?2 an e(:jxherr_la ? | c:ossmlglj?gng € DIb prad invertica
planes, together with the the values of the crossing angl(sl ) and horizontal plane (IR8).

parallel separation (used prior to beam collisions) and th Itis worth mentioning that Wh"(.a for the m;ectlon region
value of Bmax reached in the inner triplets (IT). the globalg,,.. refers to the location of Q5 in IR6, where
By reaches 610 m, in all other optical configurations the

. . lobal maximum value of the beta-functions occurs in the
Table 1: f the SLHCV3.1b opt figurad' _ a-Tun
able Summary of the SLHCV3.1b optics configura éplets and is equal to the value listed in Table 1.

tions used for tracking studies presented in this paper. Tﬁr

values ofGmay refer io tr:e peals reached in the triplets. SETTINGS EFOR NUMERICAL
[m] [wrad]  [mm]  [m]

The various optical configurations have been probed to
11.011.0 170 2 286 study the dependence of the dynamic aperture (DA) as a
5.5/5.5 245 2 °39 function of 5* and of the optics type (round or flat). The
2.0/2.0 80 2 1459 dynamic aperture has been computed d¥rturns, using
0.40/0.40 180 0.75 7272  a polar grid of initial conditions distributed in such a way
0.33/0.33 295 0.75 8815 to have30 particles for each interval dfo. Furthermore,
round 0.15/0.15 295 0.75 19393 59 values of the phase space angles han been used. The
0.10/0.10 360 0.75 29090 Momentum offset has been setg.d X 10_ . The value
of the normalised rms beam emittance:is- 3.75 um at
0.30/0.075 275 0.75 38786 7 Tev.
0.20/0.05 335 0.75 58180 As far as the magnetic imperfections are concerned,
*The HiLumi LHC Design Study is included in the HL-LHC project sixiy realisations of th.e machine (alsp calleeedy ha\{e
and is partly funded by the European Commission within the Freole ~ 0€€N Used. The LHC ring has been simulated assigning the
Programme 7 Capacities Specific Programme, Grant Agreement 28440measured magnetic errors to all magnets (see, e.g., Ref. [3]

injection

pre-squeeze

flat




for an overview of similar studies for the nominal machine)3* = 200 cm and550 cm are also included. Not only round
apart from those magnets located in the high-luminosity imptics are included, but also flat optics with different sros
sertions IR1 and 5. In these IRs only the new triplets havi@g planes as mentioned in the first section. In addition, two
been assigned magnetic errors based on guess estimatsett of multipoles are included to assess the dependence of
the proposed triplet’s field quality [4]. The values used irthe DA on the overall field quality of the proposed triplets.
the numerical simulations are reported in Table 2. It ighe markers represent the average DA (over the seeds and

Table 2: Multipoles used for the field quality of the triplets 5 : ;
The values are in units d0~* at R,.; = 50 mm. g5 QR emIONE SHQR eI 076
Normal Skew 40 =L
Uncertainty Random Uncertainty Random 3 I R
() (R) ) (R) 5 T y= 0680+ 321

3 0712 0.712 0.712 0712 &° o A

4 0.512 0.512 0.512 0.512 * P

5 0.368 0.368 0.368 0.368 " I

6 1.440 1.440 0.264 0.264 10 )

7 0.168 0.168 0.168 0.168 > pos20 BT830

8 0.128 0.128 0.128 0.128 Y o o 0 w w P

9 0.064 0.064 0.064 0.064 B (cm)

10 0.048 0.048 0.048 0.048 %

11 0.032 0.032 0.032 0.032 45 |t MQXerr100% =MQXerr50%

12 0021 0.021 0.021 0.021 wl : 1

13 0.014 0.014 0.014 0.014 WL

14 0.009 0.009 0.009 0.009 “ ]
worth recalling that in the framework of the LHC studies £, |~ RZ05
the magnetic errors have been split into three componen =,, | ./
namely a meany), uncertainty ), and randomRg) such s
that a given multipole is obtained by "

by = b+ b 4 Erb (1) 5
n ns 15 nu nR? 0 t t t t t |
0 100 200 300 400 500 600

* (cm)

wherely, £g are Gaussian distributed random variables CLFigure 1: Dynamic aperture as a function 6f below

at1.5 o and3 o, respe_ctlvely. Théy variable is the same %00 cm (upper) and up 650 cm (lower). Two situations
for all magnets of a given class, but changes from seed {0

. i re considered, corresponding to the field quality from Ta-
seed and for the different multipoles. On the other ham&e 2 and to a factor of two better field quality. The linear

¢r changes also from magnet to magnet. The values Behaviour of the DA is clearly seen for the round optics

bns,bny,bn, are given in Table 2. Under these assump- . .
. . . . L configurations.
tions the field expansion for a dipole is given by

the angles), while the negative error bars represent the min

N r+iy\" ! imum DA (over the seeds and the angles) and the positive

. . b . +y -
By +iBy =By > (bn+ian) ooy error bars the average DA over the angles of the maximum
n=1 over the seeds. In this way the spread introduced by the

Unlike other studies [5, 6], in this paper the assumed fieltealisations and the phase space angles is made visible in a

quality for the new triplets has been considered as fixed af@mpact form.

no scan over multipoles has been performed. Nevertheless)n the case of the round optics the DA scales linearly

a second case in which all the coefficients reported in Tavith 5. The slope of the straight line is the same, within

ble 2 as divided by two is also used for comparison. the numerical errors on the fit parameters, for both sets of
It is also worth mentioning that in all numerical simula-IT multipoles. On the other hand the constant term differs

tions reported in this paper the non-linear corrector pgeka by aboutl.5 o this can be considered as the gain in terms

described in Ref. [7] has been used. of DA from a reduction by a factor of two in the multipoles
of the ITs.
NUMERICAL RESULTS In the case of the flat beam optics, the corresponding DA

The main outcome of the numerical simulations is ShoWxalues have been plotted associating them with the value of
in Fig. 1. In the upper plot the DA for several opticaly/0x 7] The DA is worse than the corresponding round

configurations with3* below 100 cm is shown, while in optics byl — 2 o. The slope is essentially the same as for
the lower plot the DA for two special configurations atthe dependence of DA vg* for the round optics, while the



constant term is smaller. In the case of the flat beam optitsgher angles in physical space, as at injection where DA is
the improvement of the field quality of the triplets turnsdominated by the field imperfections of the main dipoles.
out to provide an increase in DA 07 o, only. The fact
that the DA dependence ovgt is not exactly the same for o
round and flat optics could be linked with the asymmetry *j|
in the optical configuration combined with the alternating s . Jii
crossing plane between IR1 and 5. Moreover, the DA doeg o
not show any dependence on the choice of the orientatioé
of the crossing plane in the high-luminosity insertions. = *|
In Fig. 2 the comparison between the shape of the DA for o}
round (left) and flat (right) optics and differefit values is N L = =
shown. Apart from the reduction in surface area, the DA " 2 o e T et
for flat optics looks like a square with a smaller size of thémigure 3: Dynamic aperture in normalised physical space
blue unstable area. for seed 1. The red area represents the region stable up to
10° turns; the blue one is the unstable region (the marker
dimension is proportional to the stability of the initialreo
dition); the white area around the origin represents stable
particles that are not tracked. Only round optics configura-
tions are shown fof* = 200 cm (left) and 550 cm (right).

CONCLUSIONS

The results of detailed numerical simulations aimed at
assessing the dependence of DA on the optical configu-
ration have been presented in this paper. A linear depen-
dence ong* has been found for the round optics configu-
rations. Flat optics options have been explored as well, but
s ] not enough to derive a scaling law gri. Nevertheless, if
the DA of flat optics are compared with that of round op-
of ] tics with the same geometrical averaged then a small

i degradation is found.
1 The dependence on the field quality of the new triplets
has been explored too, by considering two cases in which
" - - the nominal field quality or a re-scaled one by a factor of

_ Mool st ] _ Moo ] two is used. A gain of about.5 o for a reduction of a
Figure 2: Dynamic aperture in normalised physical spacgtor two in the field quality is obtained.
for seed 1. The red area represents the region stable up to

10° turns; the blue one is the unstable region (the marker REFERENCES
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