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Introduction
Context

I start of heavy ion programme 1986 with D, O, S (FHA) for
Fixed Target Physics

I since 1994 Pb82+ (later also In, Ar) beams in the SPS
(FFA/FHA combined, FFA) for Fixed Target Physics

I Pb82+ Beams for UA9 coasts
I 2007 and 2009: commissioning, since 2010 operation of

Pb82+ beams for LHC
I evolution since 2007: RF low level, working points, Q26, Q20,

bunch spacing (Early Beam, Nominal Beam, Intermediate
Beam), batch spacing

I LHC Beam requirements: better and more
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Introduction
FFA

Synchronism of synchrotron:
I bunch encounters RF voltage at the same phase on each

revolution independent of Trev
I fRF = hfrev with h ∈ N and const (FHA)
I for heavy ions this condition leads to an fRF swing larger than

BW of travelling wave cavities (TWC)
TWC filling time is 1 µs � Trev and beam occupies fraction of
circumference, i.e. phase between beam and cavity voltage is not
constrained by fRF and Trev. Each passage of beam through TWC
is a separate acceleration event for which the phase of the cavity
voltage can be adjusted as required (FFA):

I FM or FSK at frev (η = 0.5)
I N(TRF) = Nbuckets = 4620
I fRF = fRF,cav = const for T1 = ηTrev
I fRF = f2 = f2(Trev) 6= const for T2 = Trev − T1

I 100% AM
I RF on during T1 and off during T2
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Introduction
Overview 2015

I first time Pb82+ beams for LHC since LS1
I new h/w, new s/w (RF, BQM)
I Early Beam, Nominal Beam (Intermediate Beam)
I LHCION1, LHCION2, SFTION1, SFTION2, LHCION3
I beam related performance:

I nothing substantially new related to beam physics
I improved experience with Q20 (tuning in all planes)
I better transmission than previously with Q20 (highest total

intensity at Flat Top)
I new: controlled emittance blow-up in CPS, transverse damper,

smaller batch spacings, ...
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Cycle LHCION1
Cycle Description

I FHA, SL, FFA, PL, fRF,cav,inj, inject 1 bunch/1 batch
I fRF,cav,inj to fRF,cav,acc, SL to RL
I Start Ramp: tStartRamp = 4 880 ms, Ḃ > 0.7 T/s
I transition: FFA to FHA but still 100% AM
I Flat Top: RL to SL, 3-stage re-phasing
I Extraction: tExtraction = 5 825 ms
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Cycle LHCION1
Cycle Description

Beam parameters at injection
I Early Beam, Nominal Beam
I CPS extraction

I λ = 2.8 ns: ε/A = 0.0235 eVs
I λ = 4.0 ns: ε/A = 0.0467 eVs

I SPS injection
I Ab/A = 0.031 eVs/

√
1 MV for γt = 17.95
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Cycle LHCION1
BCT Data and Transmission

I variation of injected intensity
I transmission as function of injected intensity
I losses: capture, ramp, transition, post-transition
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Cycle LHCION1
BCT Data and Transmission

Injected intensity and transmission versus date
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I end of November: transmission getting worse with increasing
intensity then recovered, see also LHCION2
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Cycle LHCION1
BCT Data and Transmission

Transmission versus injected intensity (October to December)
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Cycle LHCION1
Injected Beam Parameters and Transmission

2015-10-30
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analysis_20151218.nb v00.01; 2015−12−19 13:55:08; $f113565
plotID: 201512181550
2015−10−30êbct−timberêtimber−20151030−01.csv
NqLimit < Nq at t with NqLimit: 1.5e9, t: 4000ms
noOfCyclesSelectedênoOfCyclesOriginal: 89ê126
timeRangeData: 82015−10−30 11:31:33, 2015−10−30 13:19:03<
timeRangeSele: 82015−10−30 11:31:33, 2015−10−30 13:19:03<

I transmission improves with lower injected intensity
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Cycle LHCION1
Injected Beam Parameters and Transmission

2015-10-30
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I transmission improves with lower injected intensity
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Cycle LHCION1
Injected Beam Parameters and Transmission
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Cycle LHCION1
Injected Beam Parameters and Transmission

2015-10-30
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I better with lower injected intensity independent of λinj
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Cycle LHCION1
Ramp and Flat Top

Controlled longitudinal emittance blow-up in CPS
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I t0 = 0 ms
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Cycle LHCION1
Ramp and Flat Top

2009-10-23, Q26, NQ = 1.5× 1010 (blue) , NQ = 0.7× 1010 (red)
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I t0 = 0 ms
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Cycle LHCION1
Ramp and Flat Top

Controlled longitudinal emittance blow-up in CPS and bunch length

Injection Flat Top
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I Measurement No. 7 - 9
I absolute value and spread at Flat Top
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Cycle LHCION2
Cycle Description

I FHA, SL, FFA, PL, fRF,cav,inj, inject up to 12 batches of
Nominal Beam

I fRF,cav,inj to fRF,cav,acc, SL to RL
I Start Ramp (LHCION2: tStartRamp = 40 220 ms), Ḃ > 0.7 T/s
I transition: FFA to FHA but still 100% AM
I Flat Top: RL to SL, 3-stage re-phasing
I Extraction: tExtraction = 45 425 ms
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Cycle LHCION2
BCT Data and Transmission

Example: 2015-12-07 00:00 and 2015-12-13 19:30, Ncycles = 674

I variation of injected intensity
I transmission as function of injected intensity
I losses: capture, ramp, transition, post-transition
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Cycle LHCION2
BCT Data and Transmission

End of Run 2013 End of Run 2015

2013
I Q20, NQ,FT = NQ,7, NQ,FT = 3.8× 1011

2015
I example: screenshot with 175 ns batch spacing
I screenshots with 150 ns batch spacing worse
I Q20, NQ,FT = NQ,9, NQ,FT = 4.2× 1011
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Cycle LHCION2
BCT Data and Transmission

All cycles with 12 batches, dynamic destination LHC, LHC Beam
Mode INJPHYS and LHCION2 (Ncycles = 2387).

Injection Extraction
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Cycle LHCION2
BCT Data and Transmission

BCTDC.41435:INT_EXTR for all cycles with up to 12 batches

Run 2013 Q20 Run 2015

4E11 4.5E11
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Cycle LHCION2
BCT Data and Transmission

Transmission (t1 = 40 190 ms, t2 = 45 375 ms)

Transmission vs Date Transmission vs Injected Intensity
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I end of November: getting worse with increasing intensity then
recovered, see also LHCION1
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Cycle LHCION2
Beam Quality at Flat Bottom

Bunch Length, Batch Spacing: 175 ns (2015-12-07)

Bunch 1 & Bunch 2 Bunch 1
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analysis−bunlpeakl_01.nb v01.11; 2015−12−17 16:38:33; $f113502
plotID: 201511261111
2015−12−07êmrêbunlpeaklêmr104_1_bunli.csv
t0: 0 ms
Bunch No.: 81, 2<
xMinData@sD: 0.; xMaxData@sD: 40.688
xMinPlot@sD: 0.122; xMaxPlot@sD: 39.629
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analysis−bunlpeakl_02.nb v00.01; 2015−12−16 17:25:16; $f113356
plotID: 201512161114
2015−12−07êmrêbunlpeaklêmr104_1_bunli.csv
nBunch: 1
Sel. Time@D: 0.1 − 36.
model: a1−Ha2−a1L∗Exp@−Hx−t0Lêa3D
λ_inf Ha1L@nsD: 1.172 +ê− 0.04397
λ_ini Ha2L@nsD: 3.411 +ê− 0.0009386
τ Ha3L@sD: 83.89 +ê− 2.027;
STDHresidualsL: 0.008848
λH36.sL @nsD: 2.63; ρ@%D: 22.9

I 60 s ≤ τaef ≤ 85 s (asymptotic exponential fit:
λ = λ∞ − (λ0 − λ∞) exp (−(t − t0)/τaef)

I 1.20 s ≤ λ∞ ≤ 1.55 ns (asymptotic exponential fit)
I 125 s ≤ τsef ≤ 155 s (simple exponential fit)
I τaef about 2× better than 2013-01-28 (no s.e.f. possible)
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Cycle LHCION2
Beam Quality at Flat Bottom

Bunch Peak Amplitude, Batch Spacing: 175 ns (2015-12-07)

Bunch 1 & Bunch 2 Bunch 1
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analysis−bunlpeakl_01.nb v01.11; 2015−12−17 14:06:01; $f113480
plotID: 201511261111
2015−12−07êmrêbunlpeaklêmr104_1_peakli.csv
t0: 0 ms
Bunch No.: 81, 2<
xMinData@sD: 0.; xMaxData@sD: 40.688
xMinPlot@sD: 0.122; xMaxPlot@sD: 39.629
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analysis−bunlpeakl_02.nb v00.02; 2015−12−17 11:39:54; $f113468
plotID: 201512171043
2015−12−07êmrêbunlpeaklêmr104_1_peakli.csv
nBunch: 1
Sel. Time@D: 0.1 − 39.66;
model: 5th order polynomial
fHtminL: 0.476; fHtmaxL: 0.408; ratio: 0.858
rel. slope@1êsD: −0.0036; tau@sD: 175.9

I no typical fit (Q20) possible (same as 2013): use 5th order
polynomial

I average slope -3.5%�/s for tobs = 40 s
I 145 s ≤ τ ≤ 200 s (amplitude reduction to 1/e) for tobs = 40 s
I about 2× better than 2013-01-28
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Cycle LHCION2
Beam Quality at Flat Bottom

BCT (2015-12-07)
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analysis_20151218.nb v00.05; 2016−01−07 11:31:50; $f114242
plotID: 201601070949
2015−12−07êbctêTIMBER_01.csv
Sel. Time@sD: 0.1 − 39.66;
model: 5th order polynomial
fHtMinL: 47.414; fHtMaxL: 29.878; ratio: 0.63
rel. slope@1êsD: −0.0093; tau@sD: 67.6
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analysis_20151218.nb v00.05; 2016−01−07 11:32:12; $f114243
plotID: 201601070949
2015−12−07êbctêTIMBER_01.csv
Sel. Time@sD: 0.1 − 39.66;
model: 5th order polynomial
fHtMinL: 47.414; fHtMaxL: 29.878; ratio: 0.63
rel. slope@1êsD: −0.0093; tau@sD: 67.6

I no typical fit: use 5th order polynomial
I average slope -9.3%�/s for tobs = 40 s
I τ ≈ 68 s (amplitude reduction to 1/e) for tobs = 40 s
I about 2× worse than for Bunch Peak Amplitude
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Cycle LHCION2
Beam Quality at Flat Bottom

Bunch Peak Amplitude and BCT (2015-12-07)
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plotID: 201601071214

I normalised to initial values
I d(Bunch Peak Amplitude)/dt (blue)
I d(BCT )/dt (red)
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Cycle LHCION2
Beam Quality at Flat Bottom
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mrw.nb v17.30; 2015−12−12 22:19:23; $f113186
2015−12−09êmrêmr111_1.asc
Version MR−TI 1.09; Date: 2015−12−09; Time: 15:56:04; Correction: NONE ;
Time between traces: 1 u; First trigger: 0 ms; Comment: ;
Time interval per data point HsecL: 50.000001E−12;
Horizontal fastframe length: 80000; Number of frames: 14;
Number of data points: 1120000; Filter: SINX;
Vertical scale HVêdivL: 50.0000E−3; Vertical position HdivL: −3.4200;
Input coupling: DC; Vertical bandwidth: 2.5000E+9; Scale Factor HdBL: 12;
nTraces: 14;
original data scaled by: 3.981, mrw.nb v17.30; 2015−12−12 22:18:51;
xMin: 0.; xMax: 3.99995
Obs. Meas. No.: 14; No. of Traces: 14
enh: 1; yLimit: 10

I batch spacing: 150 ns
I meas. after each

injection (0 - 11), end
Flat Bottom (12) & Flat
Top (13)

I similar for other batch
spacings, exception last
batch
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Cycle LHCION2
Beam Quality at Flat Bottom
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analysis−bunlpeakl_01.nb v01.07; 2015−12−05 16:43:15; $f112905
plotID: 201511261111
2015−12−04êmrêbunlpeaklêmr133_1_bunli.csv
t0: 0 ms
Bunch No.: 81, ...24<
xMinData@sD: 14.; xMinData@sD: 14.
xMinPlot@sD: 13.; xMinPlot@sD: 13.
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analysis−bunlpeakl_01.nb v01.10; 2015−12−12 18:40:50; $f113165
plotID: 201511261111
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Cycle LHCION2
Ramp
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t0: 40160 ms
Bunch No.: 81, 2<
xMinData@sD: 0.; xMaxData@sD: 5.278
xMinPlot@sD: 0.; xMaxPlot@sD: 5.278

I t0 = tStartRamp − 60 ms
I similar to LHCION1 case
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Cycle LHCION2
Flat Top

I bunch length oscillation, bunch position oscillation
I comparison with proton beam
I impedance
I controlled emittance blow-up in CPS
I in 2015: no problem delivering physics beam
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Cycle LHCION2
Flat Top

Bunch Length Oscillation Amplitude: 2015-11-24, 2015-11-24,
2015-11-24, 2015-11-25, 2015-12-09, 2015-12-11
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I max (red), average (blue)
I improvement with time

Note-2016-01 LIU SPS BD WG 2016-01-07 33



Cycle LHCION2
Flat Top

Bunch Position Oscillation Amplitude: 2015-11-24, 2015-11-24,
2015-11-24, 2015-11-25, 2015-12-09, 2015-12-11
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I max (red), average (blue)
I improvement with time
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Cycle LHCION2
Flat Top

BUNCH_LENGTH_INJ_MEAN, BUNCH_LENGTH_STDDEV,
2015-11-23/2015-11-30
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Cycle LHCION2
Flat Top

Controlled emittance blow-up in CPS 2015-12-02

λinj,min, λinj,max ∆λinj/2 (blue), std(λEXT) (red)

14:00 14:30 15:00 15:30
0

1

2

3

4

Time

L
en

g
th

@ns
D

analysis_20151128.nb v00.04; 2016−01−06 11:41:26; $f114186
plotID: 201512282105
2015−12−02êbqmê2êbqm−04.csv
SPS.BQM:BUNCH_LENGTH_INJ_MAX
SPS.BQM:BUNCH_LENGTH_INJ_MIN
SPS.BQM:BUNCH_LENGTH_STDDEV
SPS:LHC_ION_12INJ_Q20_2015_V1:LHCION2
tMin: 2015−12−02 14:00:15.735; tMax: 2015−12−02 15:31:32.535

14:00 14:30 15:00 15:30
0.0

0.1

0.2

0.3

0.4

0.5

Time

V
a
lu

e
@ns

D

analysis_20151128.nb v00.04; 2016−01−06 11:42:02; $f114188
plotID: 201512282104
2015−12−02êbqmê2êbqm−04.csv
SPS.BQM:BUNCH_LENGTH_INJ_MAX
SPS.BQM:BUNCH_LENGTH_INJ_MIN
SPS.BQM:BUNCH_LENGTH_STDDEV
SPS:LHC_ION_12INJ_Q20_2015_V1:LHCION2
tMin: 2015−12−02 14:00:15.735; tMax: 2015−12−02 15:31:32.535

Note-2016-01 LIU SPS BD WG 2016-01-07 36



Cycle LHCION2
End Flat Top

Length Amplitude Length × Amplitude
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Cycle LHCION2
End Flat Top

2013 2015 (150 ns)
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analysis−bunlpeakl_01.nb v01.15; 2015−12−30 17:39:51; $f114049
plotID: 201511282243
2015−12−09êmrêbunlpeaklêmr108_1_peakli.csv
2015−12−09êmrêbunlpeaklêmr109_1_peakli.csv
2015−12−09êmrêbunlpeaklêmr110_1_peakli.csv
2015−12−09êmrêbunlpeaklêmr111_1_peakli.csv
iFrame: 14
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Cycle LHCION2
End Flat Top

BQM data for all cycles
SPS:LHC_ION_12INJ_Q20_2015_V1:LHCION2 with dynamic
destination LHC: time span 2015-11-24 14:11 to 2015-12-13 19:35.

Average _OK BEAM_OK
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analysis_20151221.nb v00.00; 2015−12−21 16:09:46; $f113678
plotID: 201512211414
2015−12−21êtimber03êTIMBER_DATA__20151021154310UTC.csv
...
2015−12−21êtimber03êTIMBER_DATA__20151213195435UTC.csv
1: SPS.BQM:1ST_BUNCH_POS_OK
2: SPS.BQM:BEAM_OK
3: SPS.BQM:BUNCH_INTENSITY_OK
4: SPS.BQM:BUNCH_LENGTH_OK
5: SPS.BQM:BUNCH_LENGTH_STDDEV_OK
6: SPS.BQM:BUNCH_PATTERN_OK
7: SPS.BQM:BUNCH_PEAK_OK
8: SPS.BQM:FIRST_BUNCH_POS_INJ_OK
9: SPS.BQM:SATELLITES_OK
10: SPS.BQM:STABILITY_OK8_, 1, _, _, _, _, _, _, _, _<
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Cycle LHCION2
End Flat Top

Rephasing: 1ST_BUNCH_POS_OK = 0

POS_OK: 0 POS_OK = 0 ∧ others = 1

5 10 15 20
0.0

0.2

0.4

0.6

0.8

1.0

Day of Operation

R
a

te
analysis_20151221.nb v00.00; 2015−12−21 16:08:58; $f113677
plotID: 201512211414
2015−12−21êtimber03êTIMBER_DATA__20151021154310UTC.csv
...
2015−12−21êtimber03êTIMBER_DATA__20151213195435UTC.csv
1: SPS.BQM:1ST_BUNCH_POS_OK
2: SPS.BQM:BEAM_OK
3: SPS.BQM:BUNCH_INTENSITY_OK
4: SPS.BQM:BUNCH_LENGTH_OK
5: SPS.BQM:BUNCH_LENGTH_STDDEV_OK
6: SPS.BQM:BUNCH_PATTERN_OK
7: SPS.BQM:BUNCH_PEAK_OK
8: SPS.BQM:FIRST_BUNCH_POS_INJ_OK
9: SPS.BQM:SATELLITES_OK
10: SPS.BQM:STABILITY_OK80, _, _, _, _, _, _, _, _, _<
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analysis_20151221.nb v00.00; 2015−12−21 16:06:53; $f113676
plotID: 201512211414
2015−12−21êtimber03êTIMBER_DATA__20151021154310UTC.csv
...
2015−12−21êtimber03êTIMBER_DATA__20151213195435UTC.csv
1: SPS.BQM:1ST_BUNCH_POS_OK
2: SPS.BQM:BEAM_OK
3: SPS.BQM:BUNCH_INTENSITY_OK
4: SPS.BQM:BUNCH_LENGTH_OK
5: SPS.BQM:BUNCH_LENGTH_STDDEV_OK
6: SPS.BQM:BUNCH_PATTERN_OK
7: SPS.BQM:BUNCH_PEAK_OK
8: SPS.BQM:FIRST_BUNCH_POS_INJ_OK
9: SPS.BQM:SATELLITES_OK
10: SPS.BQM:STABILITY_OK80, 0, 1, 1, 1, 1, 1, 1, 1, 1<

I better than expected
I physical limit length of Flat Top (2 s/1 s)
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MD
End Flat Top

Slip stacking
I radial aperture at Flat Top
I phase loop off at Flat Top
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MD
Radial Aperture

Radial steering limits
I relevant for rephasing
I relevant impedance (impedance model?)
I with extraction bumps on: -1 mm to +20 mm (mean CO)
I without extraction bumps on: -20 mm to +20 mm (mean CO)
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MD
Phase Loop Off

I beam loss?
I bunch position shift?
I emittance increase?
I low level offsets, radial displacement?
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MD
Phase Loop Off

Phase Loop Not Off Phase Loop Off

I CH1 (blue): ∆ΦPL, CH2 (pink): ∆ΦSL, CH4 (green): AEWpk

I timebase 100 ms/div
I t > 450 ms: LSA
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MD
Phase Loop Off

Phase Loop Not Off
Length Amplitude Position
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analysis−bunlpeakl_01.nb v01.10; 2015−12−15 10:49:32; $f113189
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr127_1_bunli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.395; xMinData@sD: 0.395
xMinPlot@sD: 0.395; xMinPlot@sD: 0.395
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analysis−bunlpeakl_01.nb v01.10; 2015−12−15 12:37:46; $f113197
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr127_1_peakli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.395; xMinData@sD: 0.395
xMinPlot@sD: 0.395; xMinPlot@sD: 0.395
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analysis−bunlpeakl_01.nb v01.14; 2015−12−30 13:58:25; $f114040
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr127_1_posli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.; xMaxData@sD: 0.395
xMinPlot@sD: 0.; xMaxPlot@sD: 0.395

Phase Loop Off at t0 + 30 ms
Length Amplitude Position

æææææææææææææææææææææææææ
ææææææææææææææææææææææææ

æ
à à à à à à à à à à à à à à à à à

à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à

ììììììììììì
ìì

ììììììì
ìì

ì
ìì

ì
ììììììì

ìì
ìììììììììììììììòòòòòòòòòòòòòòòòòòò

òò
òòòòò

òòò
òòòòòò

òòòòòòòòòòòòòòò
ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô

çççççççççççççççççççççççççççççççççççççççççççççççççç

áááááááááááááááááááááááááááááááááááááááááááááááááá
í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í íóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóó
õõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõ

ææææææææææææææææææææææææææææææææææææææææææææææææææ
à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à

ììììììììììììììììììììììììììììììì
ìììììììììì

ììììììììì

òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò
òò

ò
ò

ò
òòò

ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô

ççççççççççççççççççççççççç
ç

çççççççççççççççççççççççç

ááááááááá
á

áááááááááááááááááááááááááááááááááááááááá
í í í í í í í í í í í í

í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í
íóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóó

óóóóó
óóó

óóóóõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõ
õõõõõõõõõõ

õõõõõõ
õõ

ææææææææ
æ

æææææææ
ææææææ

æææææææææææ
æ

æ
æ

ææææ
æææææ

æ
ææææ

à à à à à
à à à

à
à

à
à à à à à à à à à à à à à à à

à à à à
à

à
à à à à à

à
à à à à à à à à

à à à à

ìììììì
ì

ìììì
ì

ì
ì

ìììì
ì

ìììì
ì

ì
ì

ì
ìì

ììììììììììììììììììììì

òò
òòòòòòòòòòòòòòòòòòòòòò

òòòòòòòò
òòòòòòòòòòò

òòòòòò
ò

0.0 0.1 0.2 0.3 0.4
0.0

0.5

1.0

1.5

2.0

Time @sD

L
en

g
th

@ns
D

analysis−bunlpeakl_01.nb v01.10; 2015−12−15 10:51:47; $f113191
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr117_1_bunli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.395; xMinData@sD: 0.395
xMinPlot@sD: 0.395; xMinPlot@sD: 0.395

æææææææææææææææ
æææææææææ

ææææææææææææææææææææææææææà à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à

ììììììììììììì
ìììììììììììì

ìììì
ìììììì

ììììììììììììììì
òòòòòòòòòòòòòòòòòò

òòò
òòòòòòòò

òòòòòòòòòòòòòòòòòòòòò

ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô
ôôôôôçççççççççççççççççççççççççççççççççççççççççççççççççç

ááááááááááááááááááááááááááááááááááááááááááááááááááí í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í

óóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóó
õõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõ

æææææææææææææ
æææææææææææææææææææææææææææææææææææææà à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à à

ìììììììììììììììììììììììììììììììììììììììììììììììììì

òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò
ò

òòòòò

ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô

çççççççççççççççççççççççççççççççççççççççççççççççççç

áááááááááááááááááááááááááááááááááááááááááááááááá
áá

í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í í
í

óóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóóó
óóóóóóóóóóóó

õõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõõ

ææææææææ
æææææææ

ææ
æææææ

æææææææææææ
ææ

æ
ææææ

æææææ
æææææ

à à à à à à à à
à

à
à à à à à à à à à à à à à à à à à à à à à à

à à à à à à à à à à à à à à à à à àììììììì
ìììì

ì
ì

ìììììììììì
ì

ì
ì

ì
ììììììììììììììììììììììì

òòòòòòòòòòòòòòòòòòòòòòòò
òòòò

òòòò
òòòòòòòòòòò

òòòòòòò

0.0 0.1 0.2 0.3 0.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time @sD

A
m

p
li

tu
d

e
@V

D
analysis−bunlpeakl_01.nb v01.10; 2015−12−15 12:40:22; $f113199
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr117_1_peakli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.395; xMinData@sD: 0.395
xMinPlot@sD: 0.395; xMinPlot@sD: 0.395

æ
æ

ææ
æ

æ
ææ

æ
æ

æ

ææ
æ

æ
ææ

æ
æ

æææ

æææ
æ

æ
æ

ææ
æ

æ
ææ

æ
æ

æ
æ

æ
æ

ææ
æ

æ
æ

ææ
æ

æ
æ

à
à

à à
à

à à à

à
à

à
à à

à

à
à à

à
à

à à à

à à à à à
à à

à
à à à à à

à
à à

à à
à

à à à
à à à à à

àì
ìì

ìì
ìì

ì
ì

ìì
ììì

ììì
ìì

ììì
ììììììì

ì
ì

ì
ìì

ì
ì

ìì

ìì

ìì
ì

ì
ì

ìì
ì

ì
ì

ò
ò

ò
ò

ò

òòò
ò

òò

ò
ò

ò

ò

òò

ò

ò

òò
ò

ò
ò

ò
òòò

ò
òòòò

ò
òòòòò

òò
ò

òòòò
òòò

ò

ôôôôôôôô
ô

ô
ô

ôôô

ôôô
ô

ô

ôôô

ôôôôôôô
ôôôô

ôôôô
ôô

ôô
ô

ôôôô
ôôôô

ç
çççç

ççç
ç

ç

ç
ç

çç
çç

ççç
ççç

çççççç
ç

ç
ççç

çççç
çççç

ççç
ççç

ç
ç

ç

áá
ááá

ááá

áá
áá

áá
áá

ááá
á

áá
áá

ááá
á

á

áá
á

á
á

á
áá

áá
áá

á
á

ááá
ááá

á

íí
íííííí

í
í

í
í

íí
íí

ííí
í

í
íí

íí
í

í
íííí

íííí
í

íí
íí

íííí
íííí

í
í

óó
óóóóóó

ó
ó

ó
ó

óóóó

óóóó
óó

óóóó
óóóóóóó

óóóó
óóóó

ó
óóóó

óóó
óõõ

õõ
õ

õ
õõ

õõ
õõõõ

õ
õõ

õ
õ

õõ
õ

õ
õ

õõõõ
õ

õõõõõõõ
õõ

õõ
õõõõ

õõõ
õ

õ
õææ

æææ
ææ

æ
æ

ææ

æ
æ

æ

æ
ææ

æ
æ

æ
æ

æ
æ

æ
æ

æ
æ

æ
ææ

æ

æ
ææ

æ
æ

ææ
æææ

æ
æ

ææ
æ

æ
æ

ææ
à

à
à à

à

à
à

à

à à

à
à à

à

à
à à

à

à

à
à à

à
à à

à à
à à à

à
à

à à
à

à

à à

à à

à à
à

à
à

à à
à à

à

ìì
ìì

ì

ì
ìì

ìì

ìì
ìììì

ì
ì

ì

ìì
ì

ì
ì

ì
ì

ì
ì

ì
ìììì

ìììì
ì

ììì
ìììììììì

ì

ò

òò

ò
òò

ò
ò

ò
ò

ò
ò

òòò
ò

ò
ò

òò

ò
òò

òòòòò
ò

ò
ò

ò
ò

ò
òòòò

òò
òò

ò
ò

ò
òò

ò
ò

ò

ô

ôôôô
ôôô

ôô

ôô
ôô

ôôô
ô

ô

ôôô

ôôôô
ô

ôôô
ô

ô
ôôô

ô
ôô

ô
ôô

ô
ô

ôôô
ôôôô

ç
ç

ç
ç

ç
çççç

çç

çç

ç

ç

ç
ç

ç

ç

ç
ç

ç

ç
ç

çççç
ç

çççç
çççç

çç
ç

ç
ç

ççççççç
ç

áá
ááá

áá
áá

áá

áá
á

á
á

á
áá

á
á

áá
á

á

á

á

á
áá

á
áááááá

áá

á
á

á
á

áááá
á

á

á

í

í
í

í

í
í

í

í
í

íí

ííí
íí

í
í

í
í

í

íí
í

í
ííí

í

í
í

í

í

í
íííí

í
í

í
í

í

í

í
ííííí

óóóóó
óó

óó

óó

óó
ó

ó
óó

óó
ó

óó
óó

ó
ó

ó
ó

óó
ó

ó
óó

ó
ó

óó
óó

ó
ó

óóóó
ó

ó
óó

õ
õ

õ

õ
õ

õ
õ

õõ
õ

õõ
õ

õõ
õ

õõõ
õõõ

õ
õ

õ
õõõõõ

õ
õ

õõõ
õ

õ
õõ

õõ

õ
õõõõõ

õ
õ

õ

æ
ææ

æ
ææ

æ
ææ

æ
æ

æ
ææ

ææ

æ
æ

æ
æ

æ
æ

ææ
æ

æ
æ

æ
æ

ææ
æ

ææ
æ

æ

ææ
æææ

æ
æ

æææ
æææ

æ

à à

à à
à

à à à
à

à à

à
à

à

à
à à

à
à

à
à

à à
à

à

à
à

à
à à

à
à à

à
à

à à

à
à

à
à

à
à à

à

à
à

à

à

à

ì
ì

ì

ì

ì

ì

ì
ì

ìì
ì

ì
ì

ì

ì

ì

ì

ì

ì

ì
ì

ì

ììì
ìì

ìì
ì

ì
ì

ìì
ìì

ìì
ìì

ììì
ì

ìììììì

òò
òòò

òòòò

òò

òòò

òò
òòòò

ò
ò

òòòò
òò

ò
òòòòòò

ò
òò

òòò

ò
ò

òòòò
ò

ò

ò

0.0 0.1 0.2 0.3 0.4
-300

-200

-100

0

100

200

300

Time @sD

z
@ps

D

analysis−bunlpeakl_01.nb v01.14; 2015−12−30 13:57:27; $f114035
plotID: 201511261111
2015−12−09êmrêbunlpeaklêmr117_1_posli.csv
t0: 44750 ms
Bunch No.: 81, ...24<
xMinData@sD: 0.; xMaxData@sD: 0.395
xMinPlot@sD: 0.; xMaxPlot@sD: 0.395

Note-2016-01 LIU SPS BD WG 2016-01-07 45



Summary and Outlook
Summary

I preliminary data for Run 2015
I beam related performance: no bad surprises
I transmission after transition now similar to Q26
I not much difference in performance for the batch spacings

225 ns, 175 ns, 150 ns
I record luminosities in LHC

Outlook
I new s/w FESA3
I new parallel cycle for h/w and s/w tests (no rephasing

possible)
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