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Abstract 2.15mm. A significant improvement is seen in the mod-
. eled tune seperation. Thg term is incorperated in the
For the recent RHIC polarized-proton (pp) ramps thedesign’ model where tunes are adjusted to design values

beam was first accelerated with constgiitand subse- using the main-quad bus knobs. Each magnet receives its

quently squeezed at flattop energy. This allowed a separa(agsign, setting from this model. During commissioning,

anglysis of optics errors during the acceleratic_)n part andes are adjusted by introducting 'trim’ settings for mag-
during the squeeze part of the ramp. The main observ ts located only on the main-quad buses. The resulting

effects were a constant tune offset during acceleration, alfiics is modeled in the 'trim’ model. whose deviaton from

the neccessity to add a wne swing~sf0.1 units (Fig- design is, in some sense, a measure of our understanding
ures 4, 5) along the squeeze, to keep the measured tu%%

. Dut the machine optics. For the pp ramp the main feature
at the desired values (28.23, 29.22). Based on measur; . . .

tunes and measured phase-advance[l] at BPMs, chanbgﬁshe negative tune swing during the squeeze.
to quadrupole and dipole transfer-functions are suggeste -
which greatly reduce this disparity. We show the assoc |-----.
ated changes in lattice functions and discuss implicatior < |
for the upcoming FY04 ramps. This analysis only take ~

linear uncoupled effects into account.

]

1 INTRODUCTION ;ﬁ7\\>;\\
1.1 Ramp Design R

The pp ramp consisted of constafit acceleration to
flattop Bp for the first 140 seconds, and, starting at 15(
seconds, @* squeeze at fixedp to the final5* depend-
ing on IP, see Figure 1. s
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Figure 2: Blue tunes: Né, feed-down (dashed), withy,
feed-down correction (solid) assumidge = 2.15mm

2 MODIFIED TRANSFER-FUNCTIONS

In this section we model errors in transfer-functions (T)
for the main dipoles and the main quadrupoles. From the
equation for the integrated magnetic field strength:

a X Bp = /Bdl = Id X Td(Id) (1)

whereq is the dipole angle, it follows that the effect of a
Figure 1: pp Ramp Desigrii* (¢) (blue) andBp(t) (black) relative change in the dipole transfer-functionBp is:

ABp _ _Aa | Aly  ATa

2
Bp Oz+Id+Td ()

1.2 Online Model
) Similarly, the effects of a relative change in the quadrupole
For FY03, the RHIC online model and RampManager|[2},ansfer-functions on quadrupole strength is:

where set up with individual quadrupole transfer-functions

and extra focussing terms due to main dipbjé/) (sex- AK _ ABp Al AT, 3)
tupole) component feed-down. Figure 2 shows the pre- K Bp 1, T,

dicted tunes without and with the dipole feed-down where ) )
we used a constant offset along the ramp &f = We group the changes in three setsBp/ Bp, resulting

from an assumed error in the dipole transfer-function; A
*Work performed under the auspices of the US Department of Energgecond parameter applied to all quadrupoles only powered




by the main-quad busseSK.,./K..., resulting from as-
sumed errors in arc quadrupoles transfer-functions. The |
two sets include magnets which have not all been me.
sured cold. The final paramet&K;, /K;, is applied to

all quadrupoles in the IRs, in principle we could choost
a unigue number for each IR magnet, but this is prohik]
ited by the limited data available. Since we have foun
no reasonable explanation for the tune discrepancies usi |
only errors in power supply current, we are assuming n . |
power supply errorsAI = 0, and no dipole angle errors:
Aa = 0. Empirically we arrived at the solution:

.............

Table 1:AK/K
What Blue Yellow
AKare/Kare | -0.00535| -0.0064
AK; /Ky 0.00285 | 0.0028

Figure 4: Blue tunes: Model (dashed), with TF dorrection
(solid), and Measured

From eq. 3 it follows that once we have found solution:
for AK/K, we can useABp/Bp as a free parameter to o |
chooseAT/T. The 1-parameter solution for the Blue pa- | ~-.
rameters is shown in Figure 3. In particular we can choos || e
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_ Figure 5: Yellow tunes: Model (dashed), with TF correc-
Figure 3:AT/T(ir) vs. AT /T (arc). tion (solid), and Measured

ABp/Bp =0and seAT/T = AK/K. Using these num-
bers we recalculate the optics along the ramp, and at sto ]
We present the tunes in fig. 4, and 5. We see that, using tt-1
simple assumption, excellent agreement is reached with t
measured tunes. A determination of the transfer-functior |
errors is not possible without extra data fixing tBe error.

2.1 PHASE ADVANCE

At store we compare measured phase-advance datafigure 6: Blue horizontal phase advance between BPMs:

the modified model (Figures 6,7,8,9). The comparison iBesign (grey), corrected TF (blue), and Measured (black).
compromised by some suspect data points, but for the most

part the agreement of measured wrt. the modified model
shows significant better agreement vs. the design model.”

2.2 BETA FUNCTIONS

The lattice-functions at store of the modified model ar
compared with the design model. We show Design, Co -
rected, and the associat&g?/ 5. In addition Table 2, and 3

give the* at each IP for the modified model. Figure 7: Blue vertical phase advance between BPMs: De-

' Assuming the same emittance in both planes and bolfiyn, (grey), corrected TF (blue), and Measured (black).
rings, we compare the fourth root of the product of the Blue




Figure 8: Yellow horizontal phase advance between BPMs: Figure 14: Yellow; functions with TF corrections

Design (grey), Corrected (blue), and Measured (black).
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Figure 9: Yellow vertical phase advance between BPMs:
Design (grey), Corrected (blue), and Measured (black).

Figure 15: YellowAj/g

and Yellow3; 3, which should, to first order, be the lumi-
nosity ratios. The measured ratio between IP 8/10 = 2.3 [3],
close to the corrected model value of 2.25.

2.3 RESIDUAL DISPERSION

M 24
Using the same modified optics presented in the previous
section, we note a residual dispersion effect. Figures 16-
Figure 10: Blues functions (m) for Design model vs. s(m) 19 shows the model, measured and residual dispersion in

Blue and Yellow. We can explain this residual dispersion
==
M\. A_A M A'i

by modifying the angles in the IP region dipoles, a final

ﬁﬁ. A4

determination of this effect is lacking.

3 FY04 AU/AU RAMP

Applying the same TF correction to the Yellow d/Au run
data, gives us some idea of the expected model tunes for
the FY04 run. The tunes are shown in Figure 20, and show
better, but not perfect, agreement with measured tunes. The
d/Au store condition were set up with a slight error in the
path-length, causing some distortion in the model data.

Figure 11: Blues functions with TF corrections

4 SUMMARY

We have suggested corrections in magnet transfer-
functions which greatly improve the agreement between
the model and measured machine. The corrections involve
a relative change in dipole, quad-bus, and IR quadrupole

Figure 12: BlueAs/s

Table 2: Blues*

Figure 13: Yellows functions Design model

IP | Designg Be (m) ﬂy (m) ﬂyﬁy(m2)
6 1 | 0.913676] 0.859847| 0.786
DT Y 8 1 1.23849 | 0.889532| 1.102
10| 3 279955 | 2.45149 | 6.863
2 3 269404 | 3.47097 | 9.351




Table 3: Yellows*

IP [ Designd | Go(m) | By(m) | BuBulri®) Wil .
6 1 | 1.18728| 0.90386 | 1.073

8 1 | 1.47251| 0.905545| 1.333 l

10| 3 | 221224 2.44306 | 5.405

> 3 | 3.02624| 3.8001 | 11.784

Figure 19: Yellow Horizontal Dispersion with DHX angles
correction: Model (Green), Measured (Blue), and Residual
(Red)
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Table 4: Luminosity Ratios

P | {/B2575Y 8Y (m) | wit. IP 10 RS

6 0.958 258

8 1.10 2.25 s
10 2.47 1 TR
2 3.24 1.31 BT

0.25
|

0.2
|

Figure 20: Yellow dAu4 Tunes: Model (Dashed), with TF
Figure 16: Blue Horizontal Dispersion: Model (Green),Correction (Solid), and Measured
Measured (Blue), and Residual (Red)

transfer-functions and are based on pp ramp measurements
at currents ok 2000 Amps and below. The corrections
need to be verified, and most likely updated, for currents
up to the Au store conditions. The verification has to in-
volve fixing the Bp error and probably ramping with con-
stants* = 5m after transition, in order to seperate high
effects.

A good understanding of the linear optics provides a
foundation for any further squeezing bel@# = 1m.

Figure 17: Blue Horizontal Dispersion with DHX angles
correction: Model (Green), Measured (Blue), and Residual
(Red)
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Figure 18: Yellow Horizontal Dispersion: Model (Green),
Measured (Blue), and Residual (Red)



