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THE BIG PICTURE : LHC LUMINOSITY

Z

number of particles per bunch
number of bunches
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LHC INJECTOR CHAIN :

Linac2 (50 MeV) 1978 length 40 m
160mA, 100 usec, 1 Hz
Max Space Charge Tune Shift reached

!
PS Booster (1.4 GeV) 1972 - radius 25 m

4 rings stacked
Output energy already upgraded twice

!
PS (25 GeV) 1959 - radius 100 m

.lSPS (450 GeV) - 1976 radius 1100 m
High
Luminosity
LHC
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From optics at Brightness from
Interaction point Injectors :

defined at low
energy

From machine design
and limitations (e
cloud)




PRESENT AND EXPECTATION
nacz L inace

protons Charge exchange injection (reduce H-

emittance)
160mA Lower current means betfer beam quality  70mA peak

40 mA after chopping

50 MeV Space charge tune shift at PSB injectionis 1460 MeV

half
1 T mm mrad Smaller emitfance 0.4 T mm mrad
100 psec 1Hz Longer injection in the PSB (100turns) 400 usec 1Hz
200 MHz / 40 m RF frequency that is not widespread 352 MHz / 80 m

anymore. No components “off the shelf”.
Since 1978 Tanks, vacuum, mechanics are aging. All new component
No longitudinal 30-50% of the beam lost at injection Fast chopping at 3MeV
matching at injection Energy painting with the last

accelerating modules
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LINAC4 machine layout- 352MHz

[-mode CCDITL DTL Pre-injector
160 MeV 100 MeV 50 MeV 3MeV
23 m 25m 19 m 9m
12 Modules 7 Modules 3 Tanks Source(s)
8 Klystrons: 12MW 7 Klystrons : 7 MW 3 Klystrons : 5 2 solenoids
12 EMQ 7 EMQ + 14 PMQ MW RFQ
- 12 steerer 7 steerers 1 EMQ 11 EMQ

114 PMQ 3 Cavities
2 steerers 2 Chopper units
In-line dump

160 MeV 105 MeV 50 MeV 2 MeV 3 MeV 45 keV

End 2015 August 2015  May 2015 Well Chopping Not the final
advanced demonstrated source



1- take

measurements va

!

MEASUREMENTS AT 45 KEV

Rl

in

solenoidal field and generate in tracking code

Pltin - CEADSMIA/SACH Plotin - CADSIrA/SACH Pt - CEADSMIr/SACH Pt - CATSHIA/SACH

- CEADSIASION

fom] NGOOD : 42469 42469

X{mm) - X{mead)

Ele:0{0m] NGOOD : 42874 / 42874

h

mem) - X{ead)

Be:0[0m]  NGOOD : 42606 / 42696

X{mem) - X{mwad]

Ble:0[0m] NGOOD : 42151 / 42151

X{mm) - X{ead]

Be:0{0m] NGOOD : 41719

X{mem) - X{eead)

G o

2 — back-frace to source out

T T
30 20 -10 0 10

20 30

Xmax =34.940 mn Xmax =29.377 mrad

40

Pt EARDSMAYSACH

Ele:0[0m] NGO0D: 42115/ 42115

40 -30 20 -0 0 10 20 30 40

Xmax =26.481 mm Xmax =37.831 mrad

Pt - CEARSMASACH

Ele:0[0m] NGOOD : 42334 / 42334

40 -30 20 -10 0 10 20 30
Xmax =17468 mm Xmiax =48.455 mred

Pt - ARSI
Ele:0[0m] NGOOD : 42559 / 42559

40 40 -30 -10

Ele:0[0m]  HGO0D : 41059 / 41059

10

-20 20
Xmax =21.499 men Xmax =62.998 mrad

Pltin - EADSIA/SAM

 ASiaananas) JAARM ARAMA ARRRA)
40 -30 20 -0 0 10 20 30 40
Xmax=23.099 mm X'max =64.002 mrad

Plotiin - EADSMAA/SAC!
Ele:00m] HGOOD : 41284/ 41284

3 - Result : we have an empirical
input beam distribution that very” F |
well represents the dynamics in . : :
the LEBT and the rest of the
accelerator (remember HB2010)
9/]/2014 ,"°°'m 0 10 20 mm;o / { 10 y lzl: 10 y mm; % 40 0 10 20 30

20 -1 0
Xmax =29.262 mm Xmax =100.186 mrod

20 - 0 1 20
Xmax =30.248 mm Xmax =110.653 mrad

0 1 X
X =31.083 mm Xmax =112.547 mrod

Xmix =28.054 mm Xmax =115.388 mrad



AT THE RFQ INPUT PLANE

X' [rad]
055

=71 3 70707171 T - x

| Comparison of measured
| emittance (yellow) and RFQ
| Measured acceptance (pink). The
current : 16mA expected transmission thru
for 200usec. the RFQ is 75%. (PARMTEQ +
TOUTATIS)
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FIRST BEAM THRU T

£ BCTTRIC: Expert GUI _Ox
File Devices Configuration Help z " RBA: Indop
lsum oycle: [LN4.USERMD1 I~
ax
'I' Cal Settings | Acquisition | 7| 2D view |
SettingsUser | SettingsAll | perRing | - E chl [Ich2
FAVAVAVAVAVAVAY :
analyzerDelay 0000000 ns
ATATANATATATATS
[analyzerTimeBase [Lo0.]~] o
‘menuaﬂﬂrsmingﬂ\l (1408 [+ ]
‘mznumursming(}ﬂ [0a [~

JAVAVAVAVAVAY
measGateDelay 120000 ns
AATATATATATS

JAVAVAVAVAVAY
meas GateLength 04000 0 ns
RATATATATAYS

1o
|| & 104
JAVAVAVAVAVAY il e
offsetMeasDelay 010000 ns E
VVVVVY
‘is Calibrator Active s =]
-154
_ JAVAYAN
calibratorViser 000V
AT
-20
T
SEk 165 1565 265 2565
time [ns]
[]raw 0 [Jraw 1 [ raw 2 [Jraw 3
[]raw 6 [] Start-Stop [] Per-ring []1-meas
TL4LECT01160 TDLALECT04040 | TDL4LECTOS010 |
Consaole

16:16:29 - cern.fesa expert2 BCTTRIC. GraphViewManager anakzerTimebase = 100687, timeBaseFactor = 107
16:16:29 - cern.fesa expen2 BCTTRIC.GraphyiewManager analyzerDelay = 0

Wednesday 13/03/13 at 16h10
10mA H- accelerated to 3 MeV
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AT 3 MEV : 4 BURNING QUESTIONS

- Does the RFQ work?
* Does the chopper chop?®¢

e If yes , does it degrade the emittance of the thru
el

B EGeniine Beamibe: malcHedi e eIk
(permanent magnet, not much flexibility....)¢
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1-RFQ TRANSMISSION
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X K P=5E-7 mbar

40 B P=1E-6 mbar
X
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® Simulation

Transmission through the RFQ (%)

0 X®
10 ®
0
150.0 200.0 250.0 300.0 350.0 400.0 450.0

RF power in the RFQ (kW)

500.0

RFQ Transmission vs. RF power for different pressure in the LEBT
(neutralisation). The nominal RFQ power is 400 kW.
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2-"CHOPPING”

REMOVING MICROBUNCHES (150/352) TO ADAPT THE 352MHZ LINAC BUNCHES TO THE 1 MHZ BOOSTER
FREQUENCY

Match to
the DTL

Match from

y-yp at the dump output

y-yp at the chopper output




CHOPPER DEVICE
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Meander line
on ceramic
board

Housed in @
quadrupole

/00 Volts

Rise/fall time :
2nsec

&
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2-BEAM CHOPPING

Measured Current in BCT04040 (mA) vs LAL.QFC03130
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File View

Meas
2014

Max Pos. 27
Num Pts. 40
Settings
Plane Vert
Fit None v
First 1*
Last 95, =
View 451
Results
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3-EMITTANCE OF THE T]

PlotWin - CEA/DSM/Irfu/SACM
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1ROUGH BEAM

PlotWin - CEA/DSM/Irfu/SACM
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Ymax =5.545 mm Y'max =5.138 mrad

Emittance measured with chopper off (left) and with chopper on

(ight ) downstream the inline dump
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Ele: Bfomi NeooB : 35583/ 34582

4-MATCHING TO THE DTL

) - 3¥¢mrad)

Bakin - CER BN RSAGH
i) - Vimeag)

305
20

E

15_/
-20

30 by

Xmax =3.585 mm X'max =38.569 mrad

Ele: 0[0m] NGOOD : 35464 ( 35464

30

X(mm) - X/(mrad)

Ymax =6.055 mm Y'max =28.6398 mrad

Plotiin - CEA/DSM/Irfu/SACM

Y(mm) - Y'(mrad)

20
10
0]
-10

50

-

-30 T T T

Xmax =3.585 mm X'max =38.560 mrad
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Ymax =6.055 mm ¥'max =23.653 mrad
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Buncher3 ampl. scan
45
40
|
_35
g m
51 * #BSMB3
e - u
£ 20 o B WSim
2 * *
¥ 15 . 4 \ 4
£ *
10
5
0 : ; : ; ; ; .
0 20 40 60 80 100 120 140
Buncher 3 amplitude (EOTL [kV])

simulation codes (TraceWin and
Travel) predict 95% transmission
thru the DTL for the measured
beam.
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FROM 3 TO 12 MEV

BCT at 12 Me Vi

August 611, 7.5 mA going in, 7.5 mA accelerated :

9/1/2014 Alessandra Lombardi *




SO FAR ...

- Acceleration 45 keV to 12 MeV is validated

RFQ holds the voltage, accelerates and responds to changes in
RF power

The chopper chops

DTL tank1 accelerates the beam without losses
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EMITTANCE, ENERGY SPREAD, ETC ETC

longitudinal emittance
is rms normalised
pi deg MeV

Deg at 352MHz

?/1/2014

tfransverse emittance
is rms normalised
pi MM mrad

target value is 0.4
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THE MEASUREMENT BENCH
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RMS NORMALISED TRANSVERSE EMITTANCE
AT 3 MEV SEEMS TO BE 0.3 P1 MM MRAD

Slit-and-grid From profile meas

! e Riamong
15
” i E 4__ = S| |T-GRID
1 © B — LASER-DIAMOND
5 = B
: £ 21
- (=
ol - i
> 0,, ............................
5] 3 B .
-103 -2 ol
] B : S /
~15 e B el |
-10 5 -4 H " _
15 i B | :
. -6
10 B :
] -8} -
:\ -I: | | | | | | | | | | | |
0 ’ﬁ -6
5 / '-
_w§ SN t
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RMS NORMALISED TRANSVERSE EMITTANCE
AT 12 MEV SEEMS TO BE WHAT WE EXPECT

Horizontal Vertical

X' [rad] x 10E-3 Y' [rad] x 10E-3
15.0 15.0

ad 1z.0 15.0
X [m] x 10E-3 20 120 15.0
Y [m] x 10E-3

Emitt rms normalised = 0.35 m mm mrad




LONG EMITTANCE AT SMEV-INDIRECT

IS
[

IS
o

w
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w
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Beam RMS phase (°)
N
(0]

? 3 # Measurements
24 ' I - M Simulation
20
15 @ Reconstructed
10 T T T T T 1
1000 1500 2000 2500 3000 3500 4000

Buncher 2 Amplitude (A.U.)



LONG EMITTANCE AT 3 MEV -INDIRECT

hase spaces | Comi\BSM\1508\PARMTEQ.DST ]

€ Muttiparticle P! CAMebt
BosEliBo-mex

Ele: 0[0m] NGOOD : 36173 / 36173
P(deg @352.21 MHz) - W(MeV)

(== =]

Platiin - CEADSM/Irfu/SACM

0.1

0.05 4

A
-

-0.05

-0.1-

T T
-40 -20 0

Po=-0.000 deg W0=2.99225 MeV

T
20 40

o Multiparticle Phase spaces [ C:\MebtComi\BSM\1508\RECONS.DST |
BosEiBo-mewx
Ele: 0[0m] NGOOD : 36173/ 36173
P(deq @352.21 MHZ) - W(MeV)

[=1l===]

Platilin - CEA/DSM/Trfu/SACM

0.1

0.05]

0 1

.
e

-0.14

T T
-40 -20 0
Po:

T
20 40

Energy spread
Expected from simu : 21 keV
Measured from phase : 22 keV
Spectrometre : 19 keV

Measured from
phase profiles

Alpha=0.2

Beta =380. deg/MeV
Emitt =0.16 deg MeV

Expected from
simulations :

Alpha= 0.0
Beta = 400 deg/MeV
Emitt = 0.19 deg MeV



Energy [GeV] x 10E-3
124

12.05
12.0
135
1.3
185
1.3
1.5
n7

.65

16
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-0 0.3 0.0 03 06 0.3 12 15
Phase [rad]

SPECIROMETRE -AT 12 MEV

|%/ Linac 4 Spectro

File View Options Control
5 D & o [ @ 18 Aug 2014 16:39:24 LN4 - MD1, 04

L4.SPECTRO Hardware

Gain
Position
Energy
Magnet
QDF20
QFF30

Settings
Fit
First

Last

1] 0.1 0.2 0.3 0.4 0.3 0.6
MeV

View

Results

i -~ e
47
a 48
49
, 12 33
.
T
0.4

Selected Profile

0 —Wm'“‘!\l\ll
-500+ -
-1000 bt
-1500- I
-2000

Frofile

keV/wire 51

-2500
-3000

T
0 0.1 0.2 0.3 0.5 0.6 ||[cg
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In - In
12 Mev |+
AQN 132,32
0.0
0.0

Gauss(3p) -
17
99
11

1 T
032707 006754 |-
0.32611.. 006776
0.32269. 006806,
022008, [0.06751...
0.32051..|0.06727...
031877008671
0.21870  |0.06628
032121006638,
0.32167. . |0.0865E...
032127 006702,
032270 |0 06764 X
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SO FAR....

Acceleration 45 keV to 12 MeV is validated

Emittance Measurements confirm that the beam behaves according to
code predictions. (PARMTEQ, PATH, TRACEWIN)

Reconstruction technique and diagnostic performance are validated |

Reconstruction is based on :
1) Finding first guess with conventional matrix inversion.

2) Fine tuning the guess by forward fracking and best fitting
the measurement’s data
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(MISTAKES MADE AND)......... LESSONS LEARNT

1) A 10 Watt beam (10mA, 3MeV, 300 usec, 1Hz) can
drill a hole through a bellow

VISIT

4\~ BliEiamelsec et de isas etlondivainalinmeriier

2) Dia

3) Effe
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YOU CAN DO 5O MUCH WITH 5O LITTLE

(AND THIS IS NOT ALWAYS A GOOD THING)

On December 12 at 16:30 a severe vacuum leak was observed in the
MEBT line. It was located on the bellow downstream the first buncher
cavity, on the left side when looking down the beam line.

L4 damage A severe misalignment between the RFQ
®Je ballsis and the MEBT that was not present af the 3
' MeV test stand and was later confirmed by
survey

X(mm) - Y(mm)
B —————

’["An optic that favoured amplification of this
misalignment whilst focusing the beam to

] / . sub mm size in the other direction
o—a:m e n——— |l '3

] : } A phase advance such ’rho’r the loss
10

‘ h occurred on the “wave” (or lip) of the
06/01/2014 “L&d/ [ bellow which is only 200 microns thick and
vvvvv m - it is an aperture limitation (25.1 mm vs 28

YT T AT mm of adjacent vacuum chamber).
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DTL ACCEPTANCE AND BUNCHER
SETTINGS

Transmission through DTL tank1

Energy (Gev] x 10F-3

12
12

meas-Bunchers_off
¥ meas-Bunchers_o -. o .‘.
X simu-Bunchers_off u
’ .
B simu-Buncher_on u *
u [ |
= 0.8 :
Buncherson |
[ |
o | S
0: -
= %%WW%&« o
e o
A x
X 0-4
s 04 X
S | * X
X [ | X
X n X i
p 20 ]
—r— .l 0.2 oA —
] |
. Bunchers off
'0 a - R ..
' . . ' - ’ - .. _ . . O . “_ .. . . . ' 1 Phase [rad]

-250 -200 -150 -100 -50 0 50 100 150 200 250

Phase of DTL tank1 - degrees at 352 MHZ
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SUMMARY

 The LINAC4 has been commissioned up fo 12 MeV with
temporary source. Only 148 MeV to go! (3 commissioning
stages over 6 are done)

- The agreement between measurement and simulations is very
good, thanks fo the fime we have dedicated fo generate @
distrioution from measurements at the low energy end -
HB2010. Simulation have been our guide and give us a hint of
where to look in case of problems (e.g. alignment issues )

- We have validated fransverse and longitudinal emittance
reconstruction methods which will be extensively used for the
next stages of commissioning

 We have not yet experienced full space charge effects,
which will come with the new source.
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VISIT THESES POSTERS!

* On longitudinal measurements : MOPP025

» On transverse measurements and reconstruction :
THPPO33/TUPP100 and TUPPO38

 On the source : TUPPO36

* On laser- based emittance measurement : TUPPO35

* On the Radio Frequency Quadrupole : THPP037

. OR ThexBill fURPO8Y.. SEPE 018 . HF EOSGATHER(

 On LLRF: THPPO27
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