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Abstract

The phase advance between the two interaction points in RHIC is optimized for dynamic
aperture for a initial design beta-star. This may not hold true as RHIC presently operates with a
considerably reduced beta-star. Additionally the reduction of the available beam aperture due to
an enlarged chromatic beta-beating is evident. Measurements of the chromatic optics in the
RHIC are presented along with the proposal to optimize the arc phase advance between the two
IPs to adjust the chromatic beta-beating. Measurements of chromatic optics from the LHC at
injection and top energy are presented.
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Abstract

The phase advance between the two interaction points il
RHIC is optimized for dynamic aperture for a initial design
beta-star. This may not hold true as RHIC presently oper:
ates with a considerably reduced beta-star. Additionh8y t
reduction of the available beam aperture due to an enlarge™ ™"
chromatic beta-beating is evident. Measurements of the
chromatic optics in the RHIC are presented along with the
proposal to optimize the arc phase advance between the two
IPs to adjust the chromatic beta-beating. Measurements@gure 1: Schematic of RHIC and LHC rings with interac-
chromatic optics from the LHC at injection and top energyjon points.
are presented.

INTRODUCTION wherea, , = 5% andb,,, = 4 — a.a,,[3]. A mo-
mentum offset scan with simultaneous turn-by-turn BPM

Knowledge of chromatic optics and deviations from therajectories synchronized with transverse kicks to measur
model is useful with decreasing* as the interaction re- chromatic optics in both LHC and RHIC were carried out.
gions (IRs) could pose an aperture limitation. The initialn the LHC an ac dipole was used to impart an continu-
motivation to measure the chromatic optics were triggeresus excitation while in RHIC a single impulse kick is used
from the systematic discrepancy seen at the Super Protfyr simplicity. The chromatic optics can be computed from
Synchrotron (SPS) between the model and measured offinear fit of 3-functions with respect to energy. The nor-
momentums-beating [1]. malization with on-momenturfi-function provides a BPM

Colliders such as Large Hadron Collider (LHC) andcalibration independent observable.
the Relativistic Heavy lon Collider (RHIC) are aiming at
snjalle_r collision point optics as mea_ns_to_increase th_e IL||_-HC Measurements
minosity. Consequently, the chromatic limit for correctio
with existing sextupole families is reached for well be- During the commissioning period of the LHC in 2010
low the final goal. Additionally, the hierarchy of the colli- and 2011, off momentum optics were performed with fre-
mation system may not preserved for off-momentum paguency offsets of 50-100 Hz. Table 1 show some relevant
ticles. To overcome these limits, a new scheme under thp@rameters of the LHC.
name of “ATS” is proposed [2]. This scheme implements a
new phase advance conditions at all eight interaction re-

gions with increased-functions in the arcs to use effi- __1aple 1: LHC parameters for injection and top energy.

ciently use the sextupole families. Quantity e Te'\3/|ue R|n395 —
In RHIC, re-bucketing at top energy increases the ma- - -
mentum spread by a factor of 3 with heavy ions. For # of bunches_ 10 1 1
operation with protons, the tune space is limited for the Bunch Intensity [0°"] 1.0 1.0
present working point between th&laand the 7 order | Max Beam loss [%/h] 150 100
resonances. To further reduge below the present level, | EMittances, , [urad] 2-3.75
improved chromatic optics is needed to gain physical apef-UN€SQz.y 28.74,29.72 28.69,29.70
ture and potentially improve dynamic aperture and lifetime Chromaticity, €., ¢,) 2.6,1.5 ~2.0
Schematics of the LHC and RHIC rings with the corref IP1,5,2,5 5 [mM] 10 151,5,10,3.5
sponding interaction points are depicted in figure 1. 0. (rms) [cm] 7.55 7.55
CHROMATIC OPTICS The measured chromatit:beating at injection is about
+3% at§ = 1 x 103 with only partial agreement to the
The linear chromatig-functions, model. At collision energy and* = 3.5m, the measured
chromatic3-beat is less thas=10% at§ = 1 x 1073,
Wey = /a2, + b2, (1) Agreement in the vertical plane is better than that in the

horizontal plane. Since, the measurgdunctions are
* This work was partially performed under the auspices of t8eD®E ~ model dependent, the exact model at eégfyp is used to




C'Ie'able 2: RHIC beam parameters for injection and top en-
rgy.

recompute theg-functions and consequently the chromati

W-functions. Figure 2 shows the W-functions at 3.5 TeV,

: . . Blue Ring
and 3* = 3.5m. Agreement to the model is quite good| Quantity Injection 550 GaV
except for certain regions which are under investigation. A #ofbunches 66 1ox12
measurement was attempted aft@r—gqueeze to .1.5 m, but Bunch Intensity 0] 0.01-1.0
the beams were lost during the radial modulation. Max Beam loss [%/h] 150 100
LHCBL 35Tev 6185 m Emittanceg, , [prad] 12/21 12/21
IR7 _IR8 IR 1 Tunes,Qy 28.74,29.72| 28.69,29.70
1 Chromaticity, €, &) 26,15 ~2.0
. Yellow Ring
Quantity Injection 250 GeV
# of bunches - 12x12
Bunch Intensity [0*!] 1.0 1.0
Max Beam loss [%/h] - 100
80 Emittancesg, , [prad] - 10/-
2 60 Tunes,Qy 28.72,29.74| 28.69, 29.70
40 Chromaticity, €, &) ~2.0 ~2.0
20 p : |P1,5 6* [m] 7.5 0.7
%0 5000 10000 15000 20000 25000
100 tongttudinatfocation [ LHCB2 3.5TeV chromatic beta-beat is measured to#8% for a momen-
80 L T tum deviation of§ = 1 x 10~3 [4]. Recent measurements
60 from with gold ions at 100 GeV at* =0.7m is shown in
= ‘2‘8 figure 3 for the Blue ring and figure 4. At collision optics,
0 the measured chromatitbeat is in good agreement with
-20 Measured —— the model with some deviation between the two low-beta
-40 Model = R . . .. .
IRs. The maximum chromatic beta-beat at collision optics
140 [R8_IRL_IR2 IR3 IR4 _IR5 _IR6 IR7 is approximatelyt50% which is consistent with the mea-
}Sg 5 surements performed in 2009. Due to several BPM fail-
80 : ures, data in the Blue beam is not measured at most BPM
=) 80 § locations in the ring.
20
0
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Figure 2: ChromatiéV -functions for beam 1 and beam 2 & 0F . . .s..-f_.-::-;_ ..:';::.::-.'_" -.--.ﬁr:*':."";‘""”" - .
in the LHC for 3.5 TeV a3* = 3.5m g MR Tt e e o]
5-6 ) ) ) ) Mqasuremeqt .
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RHIC Measurements PR e " 1
ﬁé . R
In RHIC two measurement campaigns were heldtomeac 1} . DR R L
sure the chromatic optics at both injection and collision en § j§ [ ’ Hoay MoCe! ¢ i
ﬁ a2 e@suremeq .

ergy. In 2009, these measurements were performed wit 5 e ; " . - S pye

protons and more recently in 2011 with gold ions. Some

relevant parameters for the Blue and the Yellow rings are  ° 05 ! 5 2 25 3 35

listed in Table 2. For both measurement periods, the Yellow onatudna Postion fl

ring suffered higher losses than that of the Blue ring. In ad-

dition, the Yellow ring suffered significantly larger losse Figure 3: Chromatigi-beating in the Blue ring with gold

with a positive momentum offset compared to a negativi@ns at 100 GeV and 0.7m".

offset. This mismatch is under investigation. It should be

noted that an impulse kick was used to acquire turn-by-turn As the average orbits as a function of momentum offsets

data for the sake of simplicity as the ac dipoles are commaire also available, dispersion functions can be computed.

for both beams. Measurements show about 15% dispersion beating which
The agreement of chromatitfunctions at injection in should also be corrected simultaneously with optics cor-

the Blue ring are very good with the model. The maximunmections.
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Figure 4: Chromatig-beating in the Yellow ring with gold Figure 6: Chromatic W-functions for the nominal lattice
ions at 100 GeV and 0.7, at * = 0.7m and lattice withy-T quadrupoles used to
minimize them in the IR6 and IR8 regions.

CHROMATIC CORRECTION ATTEMPT
) ) N the agreement is fairly good in both cases. An elaborate

The RHIC lattice already consists of two familiesaf  scheme for chromatig-beating is already in place for the
T quadrupoles primarily used forT transition during the | Hc under the new ATS scheme. In RHIC, an attempt
ramp with heavy ions. The-T families are placed nextto 4 change the chromatic functions withT quadrupoles
focusing quadrupoles with phase advance of approximatgly proposed and preliminary simulations indicate that they
90°. A schematic of the,-T quadrupoles in the arc section can pe used to improve the chromatibeating. A detailed
are depicted in figure 6. correction scheme for the appropriate optics for future op-
eration is underway.

Q-GT 12-18

. 111 RHIC Sextant' . ACKNOWLEDGMENTS
_H H_ We would like to acknowledge the help of the LHC and

Q-GTrim 5-8 . ’
the RHIC operations groups during the measurement.

Figure 5: Schematic of thgamma-T quadrupoles in one REFERENCES
of the RHIC arc sections. [1] G. Arduini et al., PACO5, Knoxville, 2005.

Therefore, 4 quadrupoles in the arc are used to locallg] S- Fartoukh, proceedings of Chamonix 201.1.
perturb both the3-functions and dispersion functions and[3] Montague, LEP note 165.
the exterior 4 quadrupoles are used to compensate the cpJ- R. Calaga et al., IPAC10, Kyoto, 2010.
responding tune shift. These quadrupoles in each arc sec-
tion can be used to independently change the arc phase
advance to consequently act on the chromatic functions to
minimize them in the interaction region (see figure 6).
An more detailed scheme with theT quadrupoles and
simultaneous re-matching of the collision pojfit is re-
quired as the optics perturbations from thé& quadrupoles
are not truly local. In addition, they are all placed close to
focusing quadrupoles and thus less efficient to compensate
the vertical chromatic functions as visible in figure 6.

CONCLUSIONS

Chromatic optics were measured successfully at both
the LHC and the RHIC colliders at injection and collision
energy optics. These were compared to the model and



