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Characterization of Main Injector
beam parameters

D. Jensen, G.M. Koizumi, V. Makeev, A. Marchionni Fermilab
B.C. Choudhary CalTech

<» Measurements of transverse and longitudinal beam
profiles in MI as a function of beam intensity

¢ Additional measurements of momentum spread in P1

*2* Plan for the future



Flying wire in FMI

A measurement of transverse emittance

. _ 60" By
ﬁLatt

&

= Fit cassasess = Data
5 Mig Yertical Proton 1 5 M1@ Horizontal Proton 1
L chi~2 = .Bag L chi~g = L8135
sigma = 1 sigma = 1.81
I omu = 48.5 omu = 45.4
A= 212 A= - 254
<3 —emi = — 15, S35 —emi = — 15.6
.1 £, .2
-.1 B3 f’.‘:
C I— 1|""'-n---....,..,
-3 L L L L -1 L L L L L
34 37.2 4@8. 5 43.8 47 33 42.2 45.5 48.8 52
5 Mig Yertical Phar 1 5 Mi@ Horizontal Phar 1
L chi~2 = 1.73 L chi~g = 938
sigma = 138 sigma = 1.81
I omu = 43.1 omu = 48.7
A= LE17 A= .Baz
2F b—emi = — .59 235 —emi = 15.5
-1 .2
S 3 i Bk o -
-.1 .83
—. L L L L -1 L L L L L
37 48,3 42.5 46,8 S8 34 7.2 48,5 432.8 47
17-DEC-2@8@A1 1&6:43:23 Lattice = 5] Direct = 3
Store = i@1 Energy = i@1 Fass = 1
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Bunch 1n a stationary bucket
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Bunch Length Monitor in FMI
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Resistive Wall Monitor in FMI (RTD720)
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Bunch length from Resistive
Wall Monitor @flattop before
Bunch Rotation

Ml RTD720 — Long. Beam Studies

Intensity
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Observed variations of ~ 10%




Bunch Length during Bunch
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1.3415

Bunch Rotation seen with
the Resistive Wall
Monitor
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A closer look at bunch behaviours
during Bunch Rotation

Bunch Rotation Study Bunch Rotation Study
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P1 lattice functions

Beta functions Eta functions
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Measurement of Ap/p in P1 after Bunch
Rotation (extracting beam (@ minimum of At)
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Fit results for transverse
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Fit results for transverse
emittance and Ap/p

Vert. Transv.

Hor. Transv.

Intensity Emittance Emittance Ap/p (x 107%)

(x 1012) (95%) (95%) (95%)
0.48 200 16.3 1.00
091 202 15.9 1.00
13 215 16.6 0.86
1.8 203 16.8 0.98
22 15.5 17.2 1.06
26 20.1 17.9 1.22
31 19.9 18.6 1.72
34 239 19.7 1.48
36 238 217 1.86
38 241 223 1.94
39 236 224 222
41 24.9 222 1.82




Plan for the future

» Complete previous set of measurements

Measurement of momentum spread in P1 extracting beam
at the maximum of At (as for NuMI)

» New studies
Study losses at Lambertson (@ MI52
Measurement of beam tails with a crawling wire (@ MI52
and a scanning target (@ Q702

Implement Data Logging of loss monitors, power supply
stability in P1, beam stability in MI (BLMON, RPOS, ...)

“* Repeat the above measurements with MI in multi-batch
mode



ing wire (@ MIS52

Crawl

BLM vs TLM

© <« o4 - @© © < o o

35

lllllllll

=500V)

PMT N2(U

)
F
..T
n
o
o
o
\\\\\ e
\\\\\\\ o
2 3 o
| | |
| | |
| | |
| | | 7o)
S __1____|] o
| | | m
T T T _—
oA [ ] %
| [ ! 0. 0
| | | -
| | | Q
| | | -
| | | m _m
| | | o
” L s
[]
e [t Sy
N [
| | | ‘_.m
i e B [t By o
J J J J o
I I I o
| | | o
| | | '
| | |
| | | o~
| | | (=3
! ! | (=3
T T T T T T [=)
<t © O - N ¥ © S
D A — T

(31oA)epn3idwy




Scanning target

The target: tungsten, 100 um thick,
1 cm long 1n the beam direction,
10 cm 1n the transverse direction




Conclusions

¢ Initial measurements indicate beam emittances growing with
beam intensity

Ap/p @ 4 10" protons/batch before bunch rotation = 1 103 (95%)

¢ Both quadrupole and dipole oscillations observed during bunch
rotation

Ap/p @ 4 102 protons/batch with bunch rotation at the minimum of At
=2 103 (95%)
¢ Next essential steps
measurement of beam tails
understanding of beam losses (@ extraction

¢ A final characterization of the beam from MI requires to set up a
test cycle in multi-batch mode



