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Main Injector Operation

« 8.9 - 120 GeV/c Proton for antiproton production
« 8.9 - 150 GeV/c proton for TeV collider operation
* 8.9 - 150 GeV/c antiproton for TeV collider operation.
* 8.9 GeV proton
» Reverse tune up of the Accumulator
* Reverse tune up of the Recycler
* MiniBooNE beam
* Support of SY 120 and NUMI activities
* R&D for Run-II



Main Injector Recent Developments

e Lattice match between Injection lines(MI8) and Main Injector.

* Beam Loading compensation and tune up of the proton
coalescing for collider program.

e Multi batch Beam Loading compensation and tune up of the
pbar coalescing for the collider program.

* Studies to understand the longitudinal emittance growth in the
Main Injector and R&D its solution.

» Slip stacking studies

* 8 GeV Coalescing studies to reduce longitudinal emittance of
protons.

» Development of Recycler pbar extraction and acceleration.
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Proton beam Sigma after injection lattice match
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Circulating beam Beta function in the Main Injector at 8.9 GeV
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Beta Function of Main Injector at 150 GeV

(HI158_A28326_H2. TBTi 1) 26-3EP-A2 @3:43:83 MI15@ data horizontalr with coupling (nil38_B2A%25 v, tht) 25-3EF-B2 21:19:41 MIRISE Cebr vertical oscillation
o Fitted with 23 furnsy for turnd from 200 to 599 2 Fitted with 20 turnsy for turnd from 58 o 449

i | i (i
(! i W t ii i ,ﬁ tmm”ﬂ
‘%ﬂt # BTd o ol @”@T 0 0 guw un O @ g
i i T o " e (0 - :
( () () 0 i w0 II : Iﬁﬂi fIJ 00 0 0 [H]U 0 il
- (T w@ Y ¢ ¢mt
( ( £ Hlv ﬁ)) ”@ J(l() 0 —1 m{f@ U” [f@ ap o T
z p [][)[][](J(J o o L0 D0 L Y @] -
o ) JCHIL] I (th]”" 11( U
5“][: U | off I H[l[ 0 “U””( i ““
o ( HH i i
i)
|

A0 Q0L
I cIJ 4
' i) i N
i J f )t )t ] —g}&) &iﬂll ‘l]J (%% ﬁ? tlj@ _
0 - >

[0

=

H 3
u () u
5 uy 5 0 4]
& w e &

M U
add ][] q (] [ﬂ[ — o o B
v i 1 ) v il
] - ] (I)
“ J i “ - " . 0
t)¢] Mo B 0 0
- i ¥ 1
I M i) I um - —
! L i v LY moM
H @ 0 0 ! 00 0 [l : !
H - I L
- o
: Iy {0 v i
)
I
2a — —
14

) 0 nggli U{‘I

i rTe L e )" T T

%J 1 il ‘ L:DIL vT][“ U

U ¥ M

' mﬁ m ﬁ u

[ ]
- LI RV N N TN VI T TN TN T T T T T O T O T A VN T TR O VA AT T T - L T L O O e O T O N O LS T I L T I S I (O L M
(Jilesignt © @ = m @ 0 @ @ = e~ U D G oA ow @ UM ME @A w0 @O e oG DA o ooR (JiDesigh i @ @ = w0 0@ @ om0 DDA AW UE OB DD oD Ee S5O ey UR
- B I I TA  YA T O T  O J JO  J  JO - BT T Y O T T T T O O S T A A I
U)iFitded & @G LoC L LoOLo& L0 L L oL oGO LR &L LG off o oLoLL oLl oL oL oLk oLiL kL [JiFitfed 0oL LG LL o LoL 0RO oL oLoLR LR oLD oL ofLoLLo 0L LL o LL o LLoL o LoLLoLLiLl
Mgl T TITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINI Bl 3 T ETEEIFIEI IR R EE R EEE ORI EEIEAEEEEO3EIEoOR
X H H HH HHH HHH HH K H AR HHHHHA HH HH H R HH HH H OH HH HH A H X H H HH HH HH HH HH H HHH HA HH H H HH HHHH HA HH H HHH MR HH
iFlay | | 1 | iFlag 7 | [ 1 | 1

Horizontal Plane
* Data taken with substantial betatron coupling.
** Not on central orbit. Measured while phase
locked to Tevatron at 150 GeV

Vertical Plane



Proton Beam Emittance vs. Intensity

Emittance@ls vs Intensity
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The horizontal flying wire measurement agree with the
emittance measured by the Multiwires. Vertical 1s off by about 1
p1 mm-mr. These are 1 sigma emittances.



Performance Goals for proton Coalescing

Coalesce 300-330e9 ppb with 7 Booster bunches

— This intensity is required to achieve 270E9 ppb at TeV Low beta.
— It requires the Booster to run at intensities >4.5E12 ppp
— Requires coalescing efficiencies >80-85%

The coalesced bunches should have longitudinal
emittances smaller than 2.8 eV-sec
— The longitudinal emittance per bunch before coalescing should be
0.2 eV-sec or less (0.2 ev-sec x 7 bunches x 2 coalescing )
Transverse proton emittances at 150 GeV should be about
20 m-mm-mrad.
— Less than 15% transverse emittance growth is allowed through the
cycle
2 eV-sec longitudinal emittance can only be achieved with

5 Booster bunches. This will require Booster intensity to
MI >5e12.



Transverse Emittance of proton beam

H - Emittance (pi-mm-mr)

Proton Average Horizontal Emittance vs Shot Number
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* We need to understand these emittance growth and minimize them.
Horizontal data include dispersion effects, and should be 1.5 p1 smaller

(dispersion correction).




Proton coalescing

Average Longitudinal Emittance vs Shot Number

Proton Average Coalescing Efficiency vs Shot Number

sec for recent shots 7 bunches.
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Proton coalescing
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Performance of MI for pbar

O During the Aug.-Sept. 02 we have commissioned the pbar
feed forward beam loading compensation.

A The average pbar Coalescing efficiency 1s about 85% and
has small dependence on the stack size in the accumulator.

O The average Coalescing efficiency at the large stacks has been
increased by 10-12% with the implementation of the feed-forward

beam-loading compensation.

Q The longitudinal emittance of the coalesced pbar bunches
1s on average 2.7 eV-sec

O No significant dependence of the longitudinal emittance on the
position of the bunch in the train 1s observed.



Pbar Acceleration and Coalescing Efficiencies

* After pbar beam loading
compensation the pbar
coalescing efficiencies are
on average >85%.

e The DC beam 1s much
smaller.

[+ IBEAMS El@
[HANGEUM 1E@s

 The longitudinal
emittance 1s smaller.




Pbar beam loading compensation
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Pbar coalescing and beam loading compensation
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Phar Coal  Eff. (%

Effect of Beam loading compensation on Pbar Coalescing Efficiency
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Effect of Beam loading compensation on Pbar longitudinal emittance

Longitudinal Emittance vs Bunch # Longitudinal emittance vs Bunch #
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Longitudinal Emittance of pbar beam in MI

Emittance (eV-s)

Phar Longitudinal Emittance vs Shot Number
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Pbar Transverse Emittance

Emittance (pi-mm-mr)
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120 GeV Anti-proton production cycle
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Parameter Run lla Goals Current Performance (Ml)
Protons/bunch 2.70E+11 3.00e+11 (7 bunches)
2.5e+e11 (5 bunches)
Proton coalesced 0.90 0.85 (7 bunches)
Efficiency 0.95 (5 bunches)
Acc -> 150 GeV coalesced 0.90 0.85-0.95%(Accumulator
Efficiency longitudinal emittance)
Proton emittance (95%, norm) 20 20 mmm-mr
Pbar emittance (95%, norm) 15 <10 Tmm-mr
Longitudinal Emittance 3 2.8 eV-sec (7 bunches)
(proton, 95%) 2.2 eV-Sec (5 bunches)
Longitudinal Emittance 2 2.8 eV-sec (Accumulator

(pbar, 95%)

longitudinal emittance)

Main Injector is working to improve on emittances of proton beam.



Main Injector Longitudinal emittance growth

Injection
« Coupled-bunch motion ( modes 16 & 36) observed on first turn in Main Injector.
Solution: 1.) Check all existing passive dampers in Booster
2.) Increase gain on mode 36 active damper (presently = 20dB
attenuation.)
3.) Build active damper for mode 16.

« Residual coupled-bunch motion from the Booster drives the MIRF cavity modes
at 128 MHz and 224 MHz
Solution: Build a bunch by bunch longitudinal damper in the MI

*The Booster longitudinal quadrupole damper is being used in it’s anti-damping
mode as a bunch spreader to give consistent coalescing results. Here we are
deliberately blowing up the initial emittance per bunch coming out of the Booster
from 0.15 to 0.30 eV-sec.
Solution: Return the quad damper to the damping mode after other
longitudinal problems are fixed.



Main Injector Longitudinal emittance growth...

Transition

* There is a 10 degree phase error on the $29 cycles crossing
transition with heavy transient beam loading which results in dipole
oscillations that persist throughout the remainder of the cycle.

Solution: The present high level transient feed-forward BLC system can
reduce this phase error by a factor of three. The system needs to be
modified before it can operate throughout the entire cycle.

Flattop

*The excitation of the MIRF cavity mode at 224 MHz 1s observed to
grow throughout the acceleration cycle.

Solution: The new bunch by bunch damper should effectively damp these
coupled-bunch oscillations.



Dampers in Main Injector

Longitudinal Dampers

—  Benetits to Bunch Coalescing for Collider
* “Dancing Bunches” degrade Proton coalescing and g

*  We are deliberately blowing g; in Booster

—  Benetfits for Pbar Stacking Cycles
Bunch Rotation is generally turned off ! (x1.5 stack rate?)

«  Slip-Stacking etc. (Run IIb) will require stable bunches
— Needed for eventual NUMI operation

 Transverse Dampers

—  Injection Damper

—  RW instability



Slip Stacking in MI (Run-IIb R&D project)
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Slip Stacking...
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» ‘Slip Stacking’ 1s working with low intensity.

* For high intensity operation, the development of the feedback and
feed forward beam loading compensation system are under way.



Summary

e MI8 line and Main Injector lattice has been matched. Beta and dispersion 1s
matched to better than a few %.

* There are some lattice 1ssue at 150 GeV between MI transfer lines and the
Tevatron.

 Proton emittance growth 1s an i1ssue we are investigating. The coalescing
efficiency 1s about 85%.

 Antiproton beam from Accumulator>MI->TeV also has less than 2 pi mm-
mr emittance growth. The longitudinal emittance growth is as expected.

 The antiproton coalescing efficiency is co-related with the pbar longitudinal
emittance. For small emittances MI has achieved 95% coalescing efficiency.
On average the coalescing efficiency is about 85%.

« Beam loading compensation has been implemented for protons and pbars.
This has improved coalescing performance.

« An R&D for slip stacking process 1s underway.

« An R&D for 2.5 MHz acceleration of pbar is also in progress.
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