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Analysis Ac?vity Overview 
•  VdM scans April/May: 

–  fills 1058, 1059, 1089, 1090 
•  no crossing‐angle 

–  preliminary analysis for ICHEP 
–  more detailed analysis 

•  establish the methods 
•  final numbers to appear in the next days as CERN preprint 

•  VdM scans October: 
–  fills 1386 (ATLAS scans, par?al CMS scans), 1422 (LHCb, CMS, ALICE scans) 

•  non‐zero crossing angle 
•  19‐bunch scheme, ~1.5x1012 p 

–  work in progress, using the same method as before 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Systems involved 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BPTX: experiments’ 2ming pick‐ups 
•  provides as by‐product a per‐bunch rela?ve 
intensity 

•  ATLAS BPTX data used to cross‐check the 
per‐bunch intensity from the FBCT 

LHC detectors used to study ghost charge  
and satellite bunch contribu?ons 

DCCT: DC current transformer 
•  2 (produc?on A and development B) 
systems with 1 transformer per beam at 
Point 4 

•  both system A and B are used (average) 

•  measures mean total current of circula?ng 
beam (bunched and unbunched) 

•  calibra?on winding and known generated 
current used to calibrate the absolute ‘scale 
factor’ α 

FBCT: fast beam current transformer 
•  2 (produc?on A and development B) systems 
with 1 transformer per beam at Point 4 

•  only system A is used 

•  200 MHz bandwidth channel used for per‐
bunch measurements 

•  only sensi?ve to bunched beam, not sensi?ve to 
unbunched beam 

•  measures bunches over threshold (~5e8) per 25ns 
slot 

•  absolute calibra?on currently done via the 
DCCT 

Defini?on: 
•  Ghost charge: summed charge for all 

those 25ns slots which are not visible by 
the FBCT, i.e. unbunched and/or below 
the FBCT threshold 

•  Satellite bunch: captured charge in RF 
buckets within a few tens ns around the 
nominal buckets  



Method and Overview 

Outline: 
•        Baseline offset correc?on and uncertainty 
• α  Scaling factor uncertainty 
•   Per‐bunch uncertainty 
• Nghost  Ghost‐charge popula?on 

Needed for VdM scans: 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In the following,  
if not stated otherwise,  

all systema?c uncertain?es are taken as uncertainty bands 

i.e. a quan?ty with a systema?c uncertainty of Δ is conserva?vely 
assumed to follow a flat distribu?on in the interval [‐Δ, +Δ] around the 
central value 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DCCT Baseline Drils 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•  Study on periods without beam 
•  Time‐averaging suppresses white noise and 
reveals slow baseline dril 

Averaging window of 300 sec seems an 
appropriate choice 

•  large enough to suppress white noise 
•  small compared to the length of a scan 

•  Origin of baseline drils are not known. 
Possible reasons are: 
•  temperature drils 
•  electromagne?c pick‐up in cables and 
electronics 

•  mechanical vibra?ons in the transformer 
assembly 

300 sec ?me‐average 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NDCCT
0

Method for Baseline Correc?on 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•  Define 3 periods 
–  B Before: empty before fill 

–  D During: during fill (VdM) 

–  A Aler: empty aler fill 

•  Baseline offset during VdM scan 
determined as interpola?on 
between periods B and A 

•  uncertainty is the maximum 
pk2pk/2 of B or A period 

NDCCT
tot = α · SDCCT −NDCCT

0

0 



Baseline offset: April/May periods 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Fill 1058  Fill 1059 

Fill 1089  Fill 1090 

System A, system B not shown 



Baseline offset results for April/May scans 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•  use average (System A + B)/2 
•  fix baseline offset uncertainty to 
largest uncertainty: 0.8 x 109 p 

unify to 0.8 

baseline offset 
uncertainty only 

•  baseline offset 
uncertainty reduced from 
2x109 to 0.8x109 

•  some central values 
changed 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Baseline offset results for October scans 

•  Absolute baseline uncertain?es unchanged (0.8 x 109), but 
intensi?es now much higher > 1012 

•  Rela?ve baseline uncertainty negligible (<0.1%) 

11 Thilo Pauly ‐‐ Bunch Current Normalisa?on Analysis Results  ‐‐  LHC Lumi Days  13 January 2011 

Fill 1386  Fill 1422 



Time [Day-hour]

28-00h 28-06h 28-12h

 p
ro

to
n

s
9

In
te

n
s
it
y
 i
n

 1
0

-8

-7

-6

-5

-4

-3

-2

-1 9
 1.23)x10±Beam 1 = (-5.15 

9
 0.91)x10±Beam 2 = (-3.72 

April 2010

Time [Day-hour]

26-14h 27-02h 27-14h

 p
ro

to
n
s

9
In

te
n
s
it
y
 i
n
 1

0

-6

-4

-2

0

2
9

 1.11)x10±Beam 1 = (-4.55 

9
 0.76)x10±Beam 2 = (-1.11 

April 2010

Correla?on of baseline dril 
between the two beams? 

Thilo Pauly ‐‐ Bunch Current Normalisa?on Analysis Results  ‐‐  LHC Lumi Days  13 January 2011  12 

 charges9 in 10
tot

Beam 1:  N

-1 -0.5 0 0.5 1

 c
h
a
rg

e
s

9
 i
n
 1

0
to

t
B

e
a
m

 2
: 
 N

-1.0

-0.5

0.0

0.5

1.0

0

0.5

1

1.5

2

2.5

3

3.5

4

 charges9 in 10
tot

Beam 1:  N

-1 -0.5 0 0.5 1

 c
h
a
rg

e
s

9
 i
n
 1

0
to

t
B

e
a
m

 2
: 
 N

-1.0

-0.5

0.0

0.5

1.0

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

 charges9 in 10
tot

Beam 1:  N

-1 -0.5 0 0.5 1

 c
h
a
rg

e
s

9
 i
n
 1

0
to

t
B

e
a
m

 2
: 
 N

-1.0

-0.5

0.0

0.5

1.0

0

2

4

6

8

10

12

14

Periods before and aler 
April/May‐VdM fills 

No correla?on visible 
can add baseline uncertain?es for both beams quadra?cally 

Look at periods without beam (System A only) 

Long empty period 

Long empty period 



Method and Overview 

Outline: 
•        Baseline offset correc?on and uncertainty 
• α  Scaling factor uncertainty 
•   Per‐bunch uncertainty 
• Nghost  Ghost‐charge popula?on 

Needed for VdM scans: 

13 Thilo Pauly ‐‐ Bunch Current Normalisa?on Analysis Results  ‐‐  LHC Lumi Days  13 January 2011 

N (1)
i · N (2)

i

absolute calibra?on 
via DCCT 

Total beam current from DCCT 
baseline offset 
from DCCT data 

scale factor from DCCT calibra?on 

measured DCCT signal 

NDCCT
tot = α · SDCCT −NDCCT

0

NDCCT
0

Per‐bunch current via FBCT  rela?ve per‐bunch 
intensity 

NFBCT
i = (NDCCT

tot −Nghost) · SFBCT
i∑

i
SFBCT

i

Si/
∑

Si

✔ 



Uncertainty on Absolute Scale Factor α 

•  Possible issues: 
–  long‐term ?me stability: evolu?on between 

calibra?on periods and VdM scan periods 
•  ±2% for each ring, based on 5 precise 

calibra?on points during technical stops 

–  misbehaviour of the DCCT linked to the LHC 
filling patern 
•  believed to be negligible 

–  inaccuracy of the commercial  current 
generator used for calibra?on 
•  <0.1% 

–  non‐linearity of measurement system 
between working point and calibra?on point 
•  <0.1% 

•  Current uncertainty: 
–  for preliminary and detailed 

analysis 

–  correlated between the two 
beams in a fill 

–  uncorrelated between fills 

∆α

α
≈ ±2 %
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0

for more informa?on, see JJ Gras’ presenta?on 
on Friday: “Instrumenta?on1 : Beam current 
transformer” for a more detailed discussion 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Rela?ve Per‐Bunch Popula?ons 

•  Cross‐check of FBCT per‐bunch intensi?es 
with independent ATLAS BPTX system 

•  BPTX and FBCT show a linear rela?onship, 
but there is an offset, likely in the BPTX, but 
yet of unknown origin 

•  Rela?ve per‐bunch intensi?es 

•  comparison with BPTX shows rela?ve 
differences of  
–  April/May scans: 

•  up to 3% without accoun?ng for the offset 
•  <1% with accoun?ng for the offset 

–  October scans:  
•  up to 1% without accoun?ng for offset 
•  <1% taking it into account 

•  Single bunch uncertain?es: 
–  April/May: 3% 
–  October: 1% 

•  no correla?on between two beams, i.e. 
quadra?c sum in the bunch current products 

ri =
Si∑
i

Si
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Ghost Charge 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•  LHCb beam gas analysis 

–  Fill 1089: ghost charge 
close to 1% for beam 1 

–  smaller for beam 2 and 
other fills 

•  Small (<1%) ghost charge 
correc?on was applied to the 
April/May scans, see table 

•  October scans are under 
study 

•  Need to watch ghost charge 
carefully in the future and 
improve measurements 



Satellite Bunches 
•  Analyses by ATLAS/CMS taking 

advantage of zero crossing angle 
during April/May scans 

•  ATLAS/CMS displaced ver?ces 
–  consistent results 

–  fill 1089 has satellite popula?ons (5ns 
distance) of up to 2 permil 

–  fill 1090 up to 1 permil 

•  CMS ?ming: 
–  ?ming informa?on from endcap 

electromagne?c calorimeter for 
minimum bias events 

–  consistent with vertexing results 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Conclusion: 
•  April/May scans: satellite contribu?on <2e‐3, 
negligible 

•  October scans: under study, but non‐zero 
crossing angle (less impact, more difficult to 
measure) 

•  need to watch carefully in future 



Method and Overview 

Outline: 
•        Baseline offset correc?on and uncertainty 
• α  Scaling factor uncertainty 
•   Per‐bunch uncertainty 
• Nghost  Ghost‐charge popula?on 

Needed for VdM scans: 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N (1)
i · N (2)

i

absolute calibra?on 
via DCCT 

Total beam current from DCCT 
baseline offset 
from DCCT data 

scale factor from DCCT calibra?on 

measured DCCT signal 

NDCCT
tot = α · SDCCT −NDCCT

0

NDCCT
0

Per‐bunch current via FBCT  rela?ve per‐bunch 
intensity 

NFBCT
i = (NDCCT

tot −Nghost) · SFBCT
i∑

i
SFBCT

i

Si/
∑

Si

✔ 

✔ 

✔ 

✔ 



April/May Per‐Bunch Results 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(preliminary results in brackets) 



April/May Per‐Bunch Product Results 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NB: Bunch product calculated before averaging 

(preliminary results in brackets) 



Summary on Per‐Bunch Product 
Uncertain?es 

•  Conver?ng uncertainty band to confidence 
intervals: 
–  Preliminary: 1‐sigma errors, factor 1/√3, 

corresponds to 58% CL 
–  Detailed: prefer to use 68% CL, i.e. factor 0.682 

•  Baseline: 
–  Preliminary: 

•  ΔNtot=2×109 

•  fully correlated 
–  Detailed: 

•  ΔNtot=0.8×109 

•  uncorrelated 

•  Absolute scale: 
–  unchanged: Δα/α=2%, correlated 

•  Per‐bunch popula?ons: 
–  Preliminary: 0 
–  Detailed:  

•  ΔNi/Ni=3% April/May 
•  ΔNi/Ni=1% October 

•  Uncertainty contribu?ons: 
–  Preliminary: correlated 
–  Detailed: uncorrelated 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Detailed Analysis 

Preliminary Analysis 

Bunch popula?on product Pij = Ni . Nj 



Summary on Per‐Bunch Product 
Uncertain?es 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1058  1059  1089  1090  1386  1422 

7.7%  11.7%  5.7%  6.0% 

2.3% 

0 

10.0%  14.0%  8.0%  8.3% 

2.5%  3.9%  1.9%  2.0%  <0.1% 

2.7% 

2.9%  1.0%* 

4.7%  5.5%  4.4%  4.4%  2.9%*  2.9%* 

Detailed Analysis 

Preliminary Analysis 

*work in progress 

Bunch popula?on product Pij = Ni . Nj 



Conclusions 

•  Detailed Beam Current Normalisa?on Analysis 
–  established a measurement procedure 
–  updated central values 
–  reduced systema?c uncertain?es of April/May fills considerably 
–  main uncertain?es are 

•  absolute scale (2.7%, studied further) 
•  rela?ve per‐bunch popula?on 
•  baseline offset (negligible for high total intensi?es) 

•  NB: ATLAS and CMS results for April/May scans were close to 100% 
correlated because the main uncertain?es are the same 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