CNGS Proton Beam Commissioning

1. Proton beam line
2. Beam commissioning preparation
3. Results from commissioning
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1. Proton beam line

Beam parameters

Nominal CNGS beam

Nominal energy [GeV]

400

Normalized emittance [um]

H=12 V=7

Emittance [um]

H=0.028 V= 0.016

Momentum spread Ap/p

0.07 % +/- 20%

# extractions per cycle

2 separated by 50 ms

Batch length [us] 10.5

# of bunches per pulse 2100

Intensity per extraction [10!3 p] 2.4 <
Bunch length [ns] (40) 2

Bunch spacing [ns]

Beta at focus [m]

hor.: 10 ; ver.: 20

Beam sizes at 400 GeV [mm]

0.5 mm

Beam divergence [mrad]

hor.: 0.05; ver.: 0.03
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Optics at Target
[ menmwmmmmw ulumnn I

\- Hno.fm!(.r n Sasso B = 191 T Leell = 2%30.3 m 430 GeV
400, L1

[ L HJM'

!J’U-ffﬂ5 144321

B-v B, ‘
330, : n -
300, : |||
250. o ‘ "
i |
200, }‘ | / \
: /! \ ||
1.4 I|I .,
| ;-'”"\IIH ‘I\ N I ! I’) |
100, W\.‘ f‘. i .P‘\ ,\ ;'f'. )"5 If‘ ."'\ *‘. I,f\ l.\_l /1 ,""‘. ,/‘”'k ‘.-‘"II f'\ .‘ i
0% 100, 200, 300. 400, 500, 600, Fdo, 800, 900, 1006, “ o
5(m)
Beta functions
NBI2006-CERN- 5-9 Malika Meddahi

September 2006

D.

for CNGS commissioning feam

Coae 360 sde so0 oo 0

Dispersion

HwmhnuwanMwu INIATI §

Nei -‘mo!m.r(mn.) soB = 1,91 Tleell = 2%31.3m 450 GeV
Linux version 8.23/08 ; §

Dy

; I{,’QJ:'OS 14.43.21

5 fmr)



New transfer line magnets

MBG 73 magnets (78 ordered)
Nominal field: 1.7 T @ 400 GeV

Magnetic length : 6.3 m
Gap height 37 mm

QTG 20 magnets (23 ordered)
Magnetic aperture : 45 mm =l
Nominal gradient 40 T/m, 2.2 mn S

MDG 12 magnets (17 ordered)
Gap height : 45 mm
Bending angle 80 urad
Overall length: 700mm
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Final focusing onto the target (recuper ated magnets)




BN collimator

i

Proton beam: last beam position / beam profile monitor s upstream of the target
station collimator and shielding




2. Commissioning plans

CNGS COMMISSIONING GOALS

GOAL PARAMETERS

Beam instrumentation

Commissioning Goal

1 Froton beam parameters on target

Froton beam intensity monitor BFCTA12425

Intensity : 2.4 E13 per extraction or maximurm available fram injector:

Protan beam profile monitor BTWE412445

Beam sizes : 0.45 mm < o, < 0.7 mm far nominal target unit

Froton beam position monitor at BPKG412443

Fraton beam position stability better than +~ 0.5 mm {upper valug)

2 |Proton beam direction on target

Protan beam positon monitors BPG412424 and

BPG412444

Froton bearm direction established within better than 0.2mr of the

known direction to Gran Sasso detectors

3 |Proton beam position along TT41

Protan beam positon monitors along TT41

Trajectory excursion less than +- 4 mm

5  [Muon detector parameters

Muon rmonitors in TREAT and TRR42

Intensity per proton and Profile within xx% (TBA by SBWG) of
simulated values

G Proton bearmn losses

Beamn loss monitors

Mo mare than 1E-3 at extraction. Mane along TT41 beam line

7 FProton bearmn tails

Protan beam profile monitors

thd
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Plans for week 28

Ir:::tr: ?gi;]:r Extra:tiuns I;:];?r’llsﬂlt: d{l:]:]al:ir;]n p-rrl:'l]t?rlls Period TED | Target | Horn RE;IrE[:t
cycle
commissioning low intensity on TED 2.00E+11 1 2.00E+11 B 2A0E+H14 [week 22 DAY 1N OuT | OFF | OFF
commissioning low intensity on TED 2.00E+11 2 4.00E+11 1 B.O00E+13 [week 22 DAY1| IN QuT | OFF OFF
commissioning low intensity TT41 2.00E+11 1 2.00E+11 g 320E+14 |week 22 DAY2| OUT | OQUT | OFF | OFF
commissioning low intensity TT41 2.00E+11 1 2.00E+11 g 320E+14 |week 22 DAY3| OUT | OQUT | OFF | OFF
commissioning low intensity TT41 2.00E+11 2 4. 00E+11 2 1.B0E+14 |week 22 DAY3| OUT | QUT | OFF | OFF
commissioning secondary beam 2.00E+11 1 2.00E+11 8 3.20E+14 |week 22 DAY4| OUT M OFF | OFF
commissioning secondary beam 2.00E+11 2 4.00E+11 2 1 B0E+14 [week 22 DAY4| OUT I OFF OFF
commissioning secondary beam 2.00E+11 1 2.00E+11 g8 3.20E+14 |week 22 DAYS| OUT N [ORAOFF OMAOFF
commissioning secondary beam 2.00E+11 2 4.00E+11 2 1.B0E+14 |week 22 DAYS| OUT N [ONAOFF OM/OFF
commissioning low intensity on TED 1.00E+12 1 1.00E+12 1 200E+14 [week 22 DAYS| N 1§ OFF | OFF
commissioning low intensity on TED 1.00E+12 2 2.00E+12 0.25 | 1.00E+14 |week 22 DAYS| N I OFF | OFF
:::Eb;ﬁhbl;‘::ntens'w LGS 1.00E+12 1 100E+12 | 2 | 400E+14 |week 22DAYS| M | IN | OFF | OFF
NBI2006-CERN- 5-9 Malika Meddahi 10
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Plans for week 30

Intensity per |Extractions Intensity duration Total .
. per18 s Period TED
extraction # [hours] | protons
cycle

re-establish low intensity on TED 1.00E+12 1 1.00E+12 0.5 1.00E+14 |week 25 DAY IN I OFF OFF
re-establish low intensity on TED 1.00E+12 2 2.00E+12 0.5 2.00E+14 |week 25 DAY1| N M OFF OFF

- . . . .
re-establish low intensity TT41 1.00E+12 1 1.00E+12 4 |800E+14 |week 25 DAY1| OUT | N oM | ON
secondary bean'! i _
more beam studies at low intensity | ... - 1 1.00E+12 g 1.60E+15 [week 25 DAY2| OUT | IN oM | ON
TT41 + secondary beam

- . . . .
re-establish low intensity TT41 1.00E+12 7 2 DDE+12 1 400E+14 |week 25 DAY2| oUT | 1N oM | ON
seconpiar_'v b_eam _ _ i
_:I:_Ergmlssmmng medium intensity on| . .- ,- 1 E.ODE+12 2 | 2.40E+15 |week 25 DAY3| N M| OFF | OFF
_T_Ergm'ss'onmg medium intensity on| . ... .- 2 1.20E+13 | 05 | 1.20E+15 |week 25 DAY3| 1N N | OFF | OFF
commissioning medium intensity E.O0E+12 1 E.ODE+12 & |960E+5 |week 22 DaY3| ouT | N |onvoFH onioFF
'I'I'41+_s~e:_¢:~:mr‘_ndEur"qulr be_am _ i
commissioning medium intensity B.O0E+12 2 1.20E+13 5 1 20E+16 |week 25 DAY4| OUT | N |OM/OFH ON/OFF
TT41 + secondary beam

NBI2006-CERN- 5-9
September 2006

Malika Meddahi

for CNGS commissioning feam

11




Plans for week 33

. . Intensity .
Intensﬂy_ per |Extractions per 18 s duration Total Period TED | Target| Horn Reflect
extraction i [hours] | protons or
cycle
re-establish low intensity on TED 1.00E+12 1 1.00E+12 05 1.00E+14 |week 27 DAY1| 1M 1§ OFF OFF
re-establish low intensity on TED 1.00E+12 2 2.00E+12 025 | 1.00E+14 |week 27 DAYT| IN M OFF OFF
re-establish / run low intensity TT41 | ., - 1 1.00E+12 a 1.60E+15 |week 27 DAY1| OUT | 1IN oM | on
+ second_anr beam i _
;_eéEStabl'Sh medium intensity on B.ODE+12 1 EODE+12 | 0.25 | 3.00E+14 |week 27 DAY2| N N | oFf | ofFF
re-establish /run medium intensity | .- - 1 E.00E+12 E | 7.20E415 |week 27 DAY2| ouT | N oM | On
TT41 + segcopdan_r begm _
_‘:_EEmmsmmng high intensity on 1.00E+13 1 1.00E+13 1 2 O0E+15 |week 27 DAYZ| 1N M | oFF | oFF
_‘I:_Ergm'ssmmng high intensity on 1.00E+13 5 JO00E+13 | 05 | 2.00E+15 |week 27 DaY2| N M | OFF | oFF
commissioning high intensity in 1.00E+13 1 1.00E+13 B 1.20E-+16 |week 27 DAY3| ouT | N oM | On
TT41 + sqcopdaw beam i
commissioning and runhigh 1.00E+13 2 2 00E-+13 E | 2.40E+16 |week 27 DAY4| OUT | IN oM | on
intensity in TT41 + secondary beam
NBI2006-CERN- 5-9 Malika Meddahi 12
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3. Commissioning results

Importance of complete Hardware commissioning and dry runs
(like if beam but without beam)

NBI2006-CERN- 5-9 Malika Meddahi 13
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Proton beam line screens

15t shot down proton beam line: beam is already well centered on screens

Z8l 75 um carbon
g8 12 um titanium screens




Beam sizes checks along transfer line: example of H plane
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Emittance measurement, 1.E13 protons per extraction, H plane

" o530

/8.0 &

|____1630.0 |

_Amp |

-Jg50 |

Current bwrshs1995.rot EV:0=21a70401 SC:21476 HY:1290 Mode:FT _2ha_1ga 1808106 08:51:50

Ctime 12803 ms
Mean -1.213 mm
Sigma 2.047 mm
Mo 23388

Offst 61
Aci.length 912
H - potm.

Da -4.58e+04 0.000 dy 568.094 Cu -4.58e+04 568.094 pl_ft_IN

OuUT profile

-88000.0 + 21000.0
Ctime 15003 ms

Mean -3.590 mm

Sigma 0.904 mm

Norm 30355 400 GeV

Ampl 1509

Offst 61
Aci.length 903

- pem Ex = 10 nm

courtesy 6. Arduini
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Emittance measurement, 1.E13 protons per extraction, V plane

Current bwsval1995.rot EV:0x21a70401 SC:21400 HY: 1290 Mode:FT Zba 1ga

Ctime 12804 ms
Mean -4.740 mm
Sigma 1.184 mm
Morm 27613
Ampl 1083

Offst 62
Acg.length 940

V - potim.

1163, 904/ |

:

- 30,649 736 |

15/08/06 0&:44:37

Da -1.13e+04 0.00 dy 1159.08

Ctime 15004 ms
Mean -2.206 mm
sigma 0.505 mm
Horm 33521
Ampl 2894

Offst 62
Acq.length 936

v - potim.

| 3063.091 |

 Amp |

-1a0.0 |

Cu -1.13e+04 1159.08

23359.15915

400 GeV

Ex =9 nm

courtesy 6. Arduini
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Beam position monitors

2us, for I~2E11
/ Trigger at 1lus, 400ns gate
2 batch lengths 1.8 Button EleC‘l'r‘Qde
in proton beam line
N\ 10.5us for I>2E12 60mm Aperture
Trigger at 1us, 8us gate
or trigger at 2us, 400ns gate

System is very sensitive

to batch structure and intensity.
However for nominal beam
parameters, system is reliable.

Performance of position monitors discussed by R. Jones



Trajectory along beam line

2 extractions. 1E13 protons per batch

[Eviews | [ R m 2 88| 5d o| [ B More_| o5 &

P 398.5 GelY/c - SC # 143 - Transfer # 0 - Average extr 1+2 - 15/08/06 16-10-27 =

10
Mean = 0.082 /RM5S = 0.766 / Dp = 0.15

E
E
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= | . |
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—10 T T T T
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1 ;
Mean = -0.156 / RMS = 0.913 7/ Dp = 0.15 :
= 51 :
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Trajectory difference between the 2 extractions on BPGs

[(Eviews | [0 2| m =828 00 | [ B More,| o 5
P 308.5 GeV/c - SC # 2171 - Transfer # -1 - Diff extr 2-1 - 17/08/06 09-00-44

1
Mean = 0.081 7/ RM5 = 0.111 F Dp = -0.06
— 0.5 1
E H
E i
w04 e e m I = B = = 1 I E _ = 1 I i _ - - |- = -
= a
T 054 : |
- Horizontal plane |
T40
-1 T T T T
0] 5 10 1% 20
Monitor H
-P F98.53 GeV/c - SC# 2171 - Transfer # -1 - Diff extr 2-1 - 17/08,/06 09-00-44
1 -
Mean = -0.006 / RMS = 0.029 / Dp = -0.06 i
J :
W 07 - ® g === - - = - =m =m - - - - = — = =m| |- = -
3 a
Z 0.5 .
vertical plane =
_1 T T T T T4n
0] 5 10 1% 20
Monitor V
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Interpolation to Target Elements
Target | Twpe | Carr. | ¥ | %' [urad] | Y | ¥ [urad] | Show | Histaory
T40 Left-left | M | o002 | -576 | -0012 | -1243 | O | [

Beam position stability onto the target over 3 first days: ~50 um rms

[Fviews | R o 28| 53| U B More_| 135
P 39085 GeV,c- SC # 23530 - Transfer # 0 - Average extr 1+2 - 18/08,/06 18-24-51

10 ;
Mean = -0.009 7/ RMS = 0.077 f Dp = -0.00 :
T ] |
E :
w 0 — — - - - = = - - - - ES - - - - - - - - - -— -
= ;
- |
= .
Horizontal plane |
T40
—10 T T T T
0 5 1o 1= 20

Monitor H

P 3985 GeY/c - SC # 23530 - Transfer # 0 - Average extr 1+2 - 18/08/06 18-24-51

1o Mean = -0.006 / RMS = 0.030 / Dp = -0.00
T %
E :
s %9 -~ - - - - - - - - - - - - - - -
> .
vertical plane |
T40
_10 T T T T
0 5 10 15 20
Monitor V
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Main contributor to horizontal ripple: SPS injection kicker

i
__j/g\//\L  LHC:7ps

- _CNGS: 105ps
= %

Fast rise and fall time ™ ' post-kick ripple
required by CNGS only

specs: 1.05us

Beam stability onto target proves that kickers are well within specification
in ferms of ripples.

More on the kickers specification by V. Kain »



special beam position monitor on target table:
Stripline coupler Pick-up operated in air

error source rms uncertainty tolerance

More on this coupler
BPM (global accuracy) 0.1 mm & + 0.2 mm & bY R. Jones

<+ 0.15 mm <+ 0.3 mm
Alignment 0.10 mm +0.2 mm | BEEEERR A B O
Total 0.14 mm <+ 0.35 mm '

- > very reliable position reading N L




Beam position readings: BPM and OTR screens

g,
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Further discussed by E. Bravin Courtesy of R. Calaga and T. Pieloni
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Further discussed by E. Bravin

Courtesy of R. Calaga and T. Piel



D, (m)

Optics checks

good agreement with theory

Beta beat of less than 10%

Dispersion measurements

~ 15
1 T L A A 3 F
Horizontal plane a vertical plane
1 _
0.5: —
0} e
: [ ] + |
0.57 | | | | | | |
4 0 200 400 600 800
0 200 400 600 800 s(m)
s(m)
courtesy J. Wenninger
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Beam loss monitors along beam line

TT40: Screens IN and OUT of beam. Losses in mGray

Device . | ELMITT40 w

|/Inter1|:u:k SETTIngs |/In1:er1|:n:k Reset & Latch |
ELMITT40

HW Settings Actions

Yalues in milliGray _ ] Show Te

Device . | ELMITT40 w

Interlock Settings |/In1:er1|:u:k Reset & Latch |
ELMITT40

HW Settings Actions

YWalues in milliGray [¥] Show Test & Setup Tools

Get Set Get Set
ELM Mame | Cain | Loss/Exl | Loss/E ELM Mame | Cain | Loss/Exl | Loss/Ex2 | Threshold |
ELM400 103 16 2.0948 0.3064 M|ELM400103 16 1.5675 4.3219 20.000
ELM400117 16 0.2850 0.0422 WELM400117 16 2.1731 2.6149 20.000
ELM400205 16 0.5557 0.1069 M |ELM400206 16 9 .8895 10,7374 20.000
ELM400306 16 0.0143 0.0071 M |ELM400306 16 0.9761 1.0331 20.000
ELM4003 16 16 0.0071 0.0000 MELM4003 16 16 0.8479 0. 9049 20.000
ELM400405 16 0.0000 0.0000 M ELM400406 16 2.0299 8 .2579 100 . 000

2 extractions, 1E13, no screens

2 extractions, 1E13, with screens

Extraction channel studies discussed by V. Kain ”



TT41: ALL screens OUT, at the exception of the target one

W
W

Device : [ELMICNGS + Device : | ELMICNGS w

(Inter]n:u:k Settings rInter1Dck Reset & Latch | Interlock Settings |/Inter1|:u:k Reset & Latch |
BELMICKGS ELMICMNGS
HW Settings Actions HW Settings Actions
Walues in milliGray Got Set [[] Show Test & Setup To Walues in milliGray Got Set [[] Show Test & Setup Tools
ELM MName | Cain | Lloss/Ex1 | Loss/ExZ | Thres ELM Mame | Gain |  Loss/Exl | Loss/Ex2 | Threshald |

EL410024 1& 0, 0000 0. 0000 ERIEL410024 1& 0, 0000 0, 0000 25000
EL410145% 1& 0.,0225 0.014= SR IEL410145 1& 0.0499 0,042 5,000
EL410307 1& 0.01432 0.0285 CRIEL410Z07 15 0.0541 0.0541 E.0o0
EL410&07 1& 0.0285 0.0285 SRIEL410C07 1= 0.0255 0.0255 5,000
EL410707 1& 0.0225 0.035E SR IEL4 10707 1= 0,092 0,092 5.000
EL410907 1& 0,035 0.0428 CRIELA10907 1= 0. 10:59 0.1140 E.0o0
EL411107 1& 0.0926 0.0Z55 SRIEL411107 1= 0.2423 0.2494 5,000
EL411507 1& 0, 0000 0.0143 SR IEL411507 1& 0, 0000 0, 0000 5.000
EL4112307 1& 0, 0000 0.0071 SR IEL411=07 1& 0, Q000 0, 0000 5,000
EL411907 1& 0. 0000 0.0000 CRIEL411907 15 0.0000 0. 0000 E.0o0
BEL412007 1& 0.0071 0. 0000 SRIEL412007 1= QL0000 0., 0000 5,000
EL412243 1& 0, 0000 0. 0000 ERIEL412243 1= 0.0214 0,0285 5.000
EL412445L 1& 0.3919 0. 3990 CRIEL41Z2445L 1= 1.54:1 1.517¢ E.0o0
EL412445R 1& 0. 3990 0.4204 SRIEL412445R 1= 1.5889 1.5:04 5,000
SFARE 1& 0.0071 0. 0000 Sl SFARE 1& 0.0071 0, 0000 5.000
SPARE 1& 0, 0000 0, 0000 Sl SFARE 1& 0, Q000 0, 0000 5,000
SPARE 1& 0. 0000 0.0000 Sl |5FARE 15 0.0000 0. 0000 E.0o0
SFARE 1& 0. 0000 0. 0000 Sl |SFARE 1= QL0000 0., 0000 5,000
HOEL400002 1& 0.4418 0. 4429 10 [(<CGEL400002 1= 1.6102 1.5289 10,000
HOBL40000= 1& 0.5201 0.51=0 10 HCE L 400003 1= 1.2211 1.21&9 10,000
HOEL400094 1& 2.3370 2.3940 10 IXGE 400094 1= & .0930 £.0135 10,000
HOEL400095 1& Z.1589 2.2159 10 [(<CEL400095 15 £.7784 £.7142 10,000

CNGS BLMs with double extraction 6 10°12] ENGS BLMs with double extraction 110713




TT41: All screens IN beam

W
W

Device . | ELMICHGS - Device . | ELMICNGS -

(Inteﬂnck Settings |/Inter1|:u:k Reset & Latch | Interlock Settings |/In1:er1|:u:k Reset & Latch |
ELMICMGS ELMICMGS
HW Settings Actions HW Settings Actions
Walues in milliGray St [[] Show Test & Setup Walues in milliGray Set [ Show Test & Setup Tools
ELM Mane | Gain | Loss/Ex1 | Loss/Exz | Thn ELM Mame | Gain | Lloss/Exl | Loss/Ex2 | Threshold |

EL410024 15 1.1756 1.0830 EL410024 15 2.8689 2.7335 25,000
EL410145 15 0.0926 0.071= BEL410145 15 0.2707 0.2707 5.000
EL410207 15 0.0570 0.0499 EL410307 15 0.1852 0.1721 5.000
EL410&07 1& 0.0428 0.0428 EL410&07 1& 0.1211 0.1211 5000
EL410707 15 0.1233 0. 1069 EL410707 15 0.3776 0.3776 5.000
EL410907 15 0.0428 0.0499 EL410907 15 0.1425 0. 1425 5000
EL411107 15 0.1253 0.1211 EL411107 15 0.3277 0.3277 5.000
EL411507 15 0 .0000 0. 0000 EL411507 15 0.0214 0. 0000 5000
BEL411307 15 0. 0000 0, 0000 BEL411307 15 0.0071 0. 0000 5.000
EL411907 15 0.0255 0.0255 EL411907 15 0.2779 0. 2565 5.000
EL412007 1& 0.0214 0.014= EL412007 1& 0.0926 0.0724 5000
EL41224= 15 0.1425 0.1233 EL412243 15 0.4953 0.4774 5.000
EL412445L 15 1.1e85 1.0759 EL412445L 15 2.87e0 2.6236 10,000
EL412445R 15 1.1614 1.0633 EL412445R 15 3.5043 3.6195 10,000
SFARE 15 0 .0000 0.0071 SPARE 15 0.0000 0. 0000 5000
SFARE 15 0. 0000 0.0071 SFARE 15 0.0071 0. 0000 5.000
SPARE 15 0 .0000 0.014= SPARE 15 0.0000 0. 0000 5.000
SFARE 1& 0 .0000 0. 0000 SPARE 1& 0.0000 0. 0000 5000
HGEL400002 15 0.5201 0.4916 AGE L400002 15 1.6601 1.5817 10,000
HGEL400003 15 0.5914 0.5244 HGE L400003 15 1.9095 1.7884 10,000
HGEL400094 15 2.6790 25009 AGEL400094 15 6.2059 5.9:280 10,000
HGEL400095 15 2.4795 2.3156 HGE L400095 15 £.g2721 E.E6359 10,000

CNGS BLMs with C screens, 6 10712 | ¢NGS BLMs with C screens, 110713




Learnt from commissioning

The commissioning stressed the importance of :

- detailed hardware commissioning

- complete “dry” commissioning (as if beam without beam)

- having screens along extraction channel and line for the
first beam passages

- difficulties of precise survey with equipment completely
embedded in shielding: survey involved in design phase,
multiple surveys before beam

- save protons used during commissioning (ease access to tunnels)

- allocate time for operator training before going into physics
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Conclusions

Proton beam line was successfully commissioned.
First shot down the line reached the target at about center
Beam is very stable and parameters are within specification

Thank you to all the colleagues from CERN and laboratories
all over theworld who contributed to the project's success.
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