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Analysis Activity Overview

e VdM scans April/May:

Van der Meer scans, April-May 2010

— fills 1058, 1059, 1089, 1090 €

Approx. start
date time

Approx. stop
date time

1P
scanned

Bunch
pattern

Approx. bunch
population

* no crossing-angle 1058
1059

1089
1090

April 24 11:00
April 26  02:30
May 8 23:00
May 10  05:00

April 24 12:30
April 26 06:00
May 9 03:30
May 10  07:00

IP5
IP8,IP1
IP5,IP1
P2

3-bunch
2-bunch
2-bunch
2-bunch

1.0-10%
1.0- 1012p
2.0-10%
2.0-10%p

Fill 1058
3-bunch pattern

Fills 1059, 1089 and 1090
2-bunch pattern

Beaml Colliding Beam?2 RF bucket Beaml | Colliding Beam?2 RF bucket

RF bucket IP1 1P2 IP5  IP8 RF bucket | IP1 P2 IPS IP8

1 1 8911 1 - 1 1 8911 1 -

8941 | (8911) 17851 (8911) 1 17851 - 8911
17851 | 17851 17851 8911

— preliminary analysis for ICHEP

— more detailed analysis
* establish the methods

e final numbers to appear in the next days as CERN preprint

* VdM scans October:

— fills 1386 (ATLAS scans, partial CMS scans), 1422 (LHCb, CMS, ALICE scans)

* non-zero crossing angle
e 19-bunch scheme, ~1.5x102 p

— work in progress, using the same method as before



Systems involved

DCCT: DC current transformer
* 2 (production 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 circulating
beam (bunched and unbunched)
* calibration winding and known generated

current used to calibrate the absolute ‘scale
factor’ a

BPTX: experiments’ timing pick-ups
* provides as by-product a per-bunch relative
intensity

e ATLAS BPTX data used to cross-check the
per-bunch intensity from the FBCT

LHC detectors used to study ghost charge
and satellite bunch contributions

FBCT: fast beam current transformer

* 2 (production A and development B) systems

with 1 transformer per beam at Point 4
* only system A is used

e 200 MHz bandwidth channel used for per-

bunch measurements
* only sensitive to bunched beam, not sensitive to
unbunched beam

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

* absolute calibration currently done via the
DCCT

Definition:

e 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

Needed for VdM scans: Nz.(l) .Ni(Q)

Total beam current from DCCT Nt,étCCT —«a-Spcor — NODCCT
baseline offset

from DCCT data

measured DCCT signal

scale factor from DCCT calibration

gFBCT

Per-bunch current via FBCT N/ P97 = (N2FT — Nypost) - =757 L relative per-bunch
ZSZ' intensity
absolute calibration
via DCCT
Outline:
* Ny’““T Baseline offset correction and uncertainty
° Scaling factor uncertainty

e 5;/) S Per-bunch uncertainty

* Ng.: Ghost-charge population



In the following,
if not stated otherwise,
all systematic uncertainties are taken as uncertainty bands

i.e. a quantity with a systematic uncertainty of A is conservatively
assumed to follow a flat distribution in the interval [-A, +A] around the
central value

Thilo Pauly -- Bunch Current Normalisation Analysis Results -- LHC Lumi Days 13 January 2011



Method and Overview

Needed for VdM scans: Nz.(l) .Ni(z)

Total beam current from DCCT Nt%tCCT —«a-Spcor — NODCCT
baseline offset

from DCCT data

measured DCCT signal

scale factor from DCCT calibration

gFBCT

Per-bunch current via FBCT N/ P97 = (N2FT — Nypost) - =757 L relative per-bunch
ZSZ' intensity
absolute calibration
via DCCT
Outline:
* N’““T Baseline offset correction and uncertainty
° Scaling factor uncertainty

e 5;/) S Per-bunch uncertainty

* Ny« Ghost-charge population



DCCT Baseline Drifts

e Study on periods without beam

* Time-averaging suppresses white noise and

reveals slow baseline drift

Intensity in 10° protons

Intensity in 10° protons

April 2010
4 T T | T
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25pril?010
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_2:
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Intensity in 10° protons

* Origin of baseline drifts are not known.

Possible reasons are:

* temperature drifts
* electromagnetic pick-up in cables and

electronics
* mechanical vibrations in the transformer
assembly
Be‘ar‘nj ‘ Beam 2
B ~ RMS [ ~ RMS
& -o- Pk2Pk/2 ] ~+ Pk2Pk/2
. —ao,/Nm E —a,/\m
\
AN A\
0200 400 600 800 1000 0 200 400 600 800 1000

Averaging time bin

[s]

Averaging time bin [s]

Averaging window of 300 sec seems an

appropriate choice

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



NDC'CT

Method for Baseline Correction

Define 3 periods

— B Before: empty before fill
— D During: during fill (VdM)

— A After: empty after fill

Baseline offset during VdM scan
determined as interpolation

between periods B and A

tot

uncertainty is the maximum

pk2pk/2 of B or A period

= a-Spcer —

Intensity in 10° protons

Intensity in 10° protons
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Baseline offset: April/May periods

System A, system B not shown

Intensity in 10° protons

Intensity in 10° protons

Intensity in 10° protons

Intensity in 10° protons
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Baseline offset results for April/May scans
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20F

Baseline corrected DCCT (10° protons)

150

28

1058

1059

1089 1090

Fill number

* use average (System A + B)/2
* fix baseline offset uncertainty to
largest uncertainty: 0.8 x 10°p

Detailed analysis (System A + System B) | Preliminary analysis (System A)

LHC intensity LHC intensity
Fill  LHC Ny ;-107° Ny j- 1077
nr. ring j baseline-corrected baseline-corrected
1058 1 32.3 ﬂO.S 5 ' oot 31.84+2.0
in :

1059 1 19.2(H0.8 . y only 18.9+2.0 uncertainty reduced from

2 20.7 0.7 i€ 20.6+2.0 I%10° to 0.8x10°

1 384log [P unify to 0.8 38.1L2.0 NI e
1089, 43.5 |07 437120 ° some central values
1000 | 37.4 jos 37.4+2.0 changed

2 40.6 1H0.7 40.04+:2.0




Intensity in 10° protons

Intensity in 10° protons

Baseline offset results for October scans
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* Absolute baseline uncertainties unchanged (0.8 x 10°), but
intensities now much higher > 1012

Relative baseline uncertainty negligible (<0.1%)



Intensity in 10° protons

Intensity in 10° protons

Correlation of baseline drift
between the two beams?

Look at periods without beam (System A only)

| Long empty period

© N S 0 s d N4

April 2010
=3 T
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26-14h 27-02h 27-14h
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Beam 2: N, in 10° charges

No correlation visible
can add baseline uncertainties for both beams quadratically
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Method and Overview

Needed for VdM scans: Nz.(l) .Ni(Q)

Total beam current from DCCT Nt%tCCT —«a-Spcor — NODCCT
baseline offset

from DCCT data

measured DCCT signal

scale factor from DCCT calibration

gFBCT

Per-bunch current via FBCT N/ P97 = (N2FT — Nypost) - =757 L relative per-bunch
> S; intensity
7

absolute calibration

via DCCT
Outline:
e NPT Baseline offset correction and uncertainty v
| *a Scaling factor uncertainty |
e 5/3 5 Per-bunch uncertainty
*N Ghost-charge population

ghost



Uncertainty on Absolute Scale Factor a

DCCT DCCT
Nioi = o Spcer — Ny :
* Current uncertainty:
Possible issues: — for preliminary and detailed
— long-term time stability: evolution between analysis

calibration periods and VdM scan periods

+2% for each ring, based on 5 precise
calibration points during technical stops

misbehaviour of the DCCT linked to the LHC — correlated between the two

filling pattern

believed to be negligible

beams in a fill
— uncorrelated between fills

inaccuracy of the commercial current
generator used for calibration

<0.1%

non-linearity of measurement system
between working point and calibration point

<0.1%

for more information, see JJ Gras’ presentation
on Friday: “Instrumentationl : Beam current
transformer” for a more detailed discussion




Method and Overview

Needed for VdM scans: Nz.(l) .Ni(Q)

Total beam current from DCCT Nt%tCCT —«a-Spcor — NODCCT
baseline offset

from DCCT data

measured DCCT signal

scale factor from DCCT calibration

gFBCT

Per-bunch current via FBCT N/ P97 = (N2FT — Nypost) - =757 L relative per-bunch
ZSZ' intensity

absolute calibration
via DCCT

Outline:

e NPT Baseline offset correction and uncertainty v

° Scaling factor uncertainty v

| * s/3 s Per-bunch uncertainty |
* Ny« Ghost-charge population



Relative Per-Bunch Populations

FBCT
S
FBCT
2.5

FBCT __ DCcCT
Ni - (Ntot - Nghost) )

(]

Cross-check of FBCT per-bunch intensities
with independent ATLAS BPTX system

BPTX and FBCT show a linear relationship,
but there is an offset, likely in the BPTX, but
yet of unknown origin

Relative per-bunch intensities . _ ;
7 Sz

comparison with BPTX shows relative
differences of
—  April/May scans:
* up to 3% without accounting for the offset
*  <1% with accounting for the offset

— October scans:
* up to 1% without accounting for offset
*  <1% taking it into account
Single bunch uncertainties:
— April/May: 3%
— October: 1%
no correlation between two beams, i.e.
quadratic sum in the bunch current products

Bunch populations in 10" protons (BPTX)
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0.8.

L ] L ] L [
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pi 0.8759 = 0.0009738
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Bunch populations in 10" protons (FBCT)



Method and Overview

Needed for VdM scans: Nz.(l) .Ni(Q)

Total beam current from DCCT Nt%tCCT —«a-Spcor — NODCCT
baseline offset

from DCCT data

measured DCCT signal

scale factor from DCCT calibration

gFBCT

Per-bunch current via FBCT N/ P97 = (N2FT — Nypost) - =757 L relative per-bunch
ZSZ' intensity

absolute calibration
via DCCT

Outline:

e NPT Baseline offset correction and uncertainty v

° Scaling factor uncertainty v

e 5;/) S Per-bunch uncertainty v

| * Ngnost  Ghost-charge population




Ghost Charge

Fill 1089
LHCb beam gas analysis ”

— Fill 1089: ghost charge | ,—'J-‘
: 7272

890 895 900 1780 1785 1790

close to 1% for beam 1 tes |
— smaller for beam 2 and "
other fills 10 -

Small (<1%) ghost charge
correction was applied to the acio

April/May scans, see table

Fill Beaml ghost fraction fghost,1 in % Beam?2 ghost fraction fghost2 in %
number all slots (near bunch slots) all slots (near bunch slots)
OCtOber SCans are under 1058  0.08+0.01 (0.04£0.01) 0.03+£0.01 (0.02£0.01)
1059 0.124+0.06 (0.12+0.06) 0.00+0.03 (0.00+£0.03)
Study 1089 0.85+0.06 (0.36+0.04) 0.26+0.03 (0.16 £0.03)
1090 0.421+0.06 (0.2440.05) 0.41+0.06 (0.36+0.06)

Need to watch ghost charge
carefully in the future and
Improve measurements



Events (€™ corrected) / 0.5 cm

Satellite Bunches

Analyses by ATLAS/CMS taking
advantage of zero crossing angle
during April/May scans
ATLAS/CMS displaced vertices
consistent results

fill 1089 has satellite populations (5ns
distance) of up to 2 permil

fill 1090 up to 1 permil

ErorrrorrrrrreT L L B B B
10 Fill 1089 ATLAS Preliminary j

- ® Data 2010 ]
10 4
10° N
102 N
10k, §

P B
60 80
Vertex Z (cm)

-100 -80 100

10

10%E
10%E

102

CMS timing:

timing information from endcap

electromagnetic calorimeter for
minimum bias events

T
FCMS

T L R T ndl
2010 PRELIMINARY 7 TeV-, C
[ Mean

J Sigma
{ \ p3

/ P4

{ p5

f H\ p6_ 0.0

1 2/ ndf

M
Sigma
p3

pa

p5 0.0
06

.1

4814737

Constant 1694+ 1.71

-4.942 = 0.073
0.5069 + 0.0464
11.92+ 0.15
21230054
-0.2708 + 3.1085
01352 + 0.002089
27.07/33

P
Y Constant ~ 16.05= 1.87

4.58+0.05
0.3984 + 0.0453
10.97 = 0.44
-2.338 = 0.165
03907 + 0.007087
-0.0786 = 1.0953

0 5

T
10

Cluster time [ns]

Conclusion:
 April/May scans: satellite contribution <2e-3,

negligible

10%E

10¢

consistent with vertexing results

10°E

10%E

T —
F cMs 2010 PRELIM

T
INARY 7 Tey,
PR

o Indf 3873735
Constant ~ 29.99+ 3.65
-4.778= 0.105

Sigma  0.6083 = 0.0845
p3 12152 0.63
11] p4 2,144+ 0.194
p5  -0.07023 = 0.59579

p6 _-8.24e-05 x 2.60e-03
55.88/46
1231+ 42
4774 0.016
Sigma 05124+ 0.0144
p3 115+ 041

o/ ndf
Eonstant
Mear

pé -2.238= 0.044
p5 -0.839+ 13.014
p6_0.001661= 0.000710

!

"5 10
Cluster time [ns]

e October scans: under study, but non-zero
crossing angle (less impact, more difficult to

measure)

* need to watch carefully in future



Method and Overview

Needed for VdM scans: Nz.(l) .Ni(Q)

Total beam current from DCCT Nt,étCCT —«a-Spcor — NODCCT

baseline offset
from DCCT data
measured DCCT signal

scale factor from DCCT calibration

FBCT
Per-bunch current via FBCT =~ NPT = (NEECT — Nypost) - % —1_ relative per-bunch
_ i intensity
absolute calibration
via DCCT
Outline:
e NPT Baseline offset correction and uncertainty v
° Scaling factor uncertainty v
e 5;/) S Per-bunch uncertainty v
* Ng.: Ghost-charge population v



April/May Per-Bunch Results

(preliminary results in brackets)

Fill number

1058 1059 1089 1090
Populations N - 10~
N(1) 9.56+0.29 8.98+0.34 18.994+0.54 19.91+£0.57
(9.414£0.36) (8.85+£0.55) (19.05+0.62) (20.01+£0.66)
Beaml N(8941) 11.70£0.35 - - -
(11.51£0.44) - - -
N(17851) 11.02+0.33 10.20+0.38 19.08 +0.54 17.33+0.50
(10.88+0.41) (10.05+£0.63) (19.05+0.62) (17.39+0.57)
N(1) 10.19+0.31 10.35+0.37 22.184+0.61 19.54 +0.55
(9.574£0.40) (10.30£0.59) (22.33+£0.64) (19.32+£0.60)
Beam?2 N(8911) 10.66 +£0.33 10.35+0.37 21.21+0.59 20.89+0.59
(10.00£0.42) (10.30+£0.59) (21.37+0.62) (20.68+0.64)
N(17851) 9.43+0.29 - - -

(8.83£0.37)



April/May Per-Bunch Product Results

(preliminary results in brackets)

Fill number

1058 1059 1089 1090

Population products P;;- 1078 =N; 1 -N;,-10 8
N(1)-N(1) 96.4+45  92.5+5.1 419.7+185  386.0+17.1
IP1&5 (90.1+£9.0) (91.1+12.8) (425.4+34.0) (386.6+32.0)
N(17851)-N(17851)  102.8+4.8 i i i
(96.1 £9.6) - - -
N(1)-N(8911) 100.8 4.7 92.4+5.1 401.3+17.6 412.5+18.3
) (94.1+94) 91.1+12.8) (407.1+£32.5) (413.8+34.3)
N(8941)-N(17851)  109.1+5.1 i i i
(101.7+£10.2) - - -
N(8941)-N(1) 117.945.5 i i i
P8 (110.2+£11.0) - - -
N(17851)-N(8911)  1162+54  105.0458  4032+17.7  359.0+15.9
(108.7+10.9) (103.6+14.5) (407.1+=32.5) (359.6+29.8)

NB: Bunch product calculated before averaging



Summary on Per-Bunch Product
Uncertainties

e Converting uncertainty band to confidence

Bunch population product P;; = N; " N; intervals:

Preliminary Analysis

paseline
Gf’ij . L (ANtot,l + ANwl,z)
Pij \/5 Nlol,l Nlot,2
scale
Op; 2 Ao
=— —=23%
P V3 o
o-l-l]:JBCl
—i_ =0
__ ~baseline scale
Gpij =G i j + oPij

Detailed Analysis

baseli
TP (Aqu )7- N (ANtot.2)2
Pij . Ntol,l Ntot,z

scale

Ao

P _0682.2-5% = 27%
P;; o
GEBCT N2 AN
S —0.682. ( "‘> +( ,,2)
Fij Nia Nj»
GPU \/ obaselme 2+ G;cdlc)z_}_(c}i;’]j,m)

— Preliminary: 1-sigma errors, factor 1/V3,
corresponds to 58% CL

— Detailed: prefer to use 68% CL, i.e. factor 0.682

Baseline:

— Preliminary:
« AN, =2x10°
* fully correlated

— Detailed:
*  AN,,=0.8x10°
e uncorrelated
Absolute scale:
— unchanged: Ao/a=2%, correlated

Per-bunch populations:
— Preliminary: 0
— Detailed:
* AN./N.=3% April/May
* AN,/N=1% October
Uncertainty contributions:
— Preliminary: correlated
— Detailed: uncorrelated



Summary on Per-Bunch Product

Uncertainties

Bunch population product P;; = N; " N; mm

Preliminary Analysis

6.0%

8.3%

opeine 1 ANy . AN,
ij tot,1 tot,2 0, () 0,
_ + 7.7% 11.7% 5.7%
P;j 3 ( Not,1 Nior2 )
scale
P; V3 o
Gf’iBfCT O
J =0
P;j B
op. — Gbg§eline+cs§§le 100% 140% 80%
0 Pu P‘J
Detailed Analysis
baseli
Op — 0.682. (AMo:,1)2+ (ANwt,z)z 2.5% 3.9% 1.9%
Pi' Mot,l Mot,Z
oicale 2.7%
B —0.682.2. 3% _ 279 °
P;j o
0,
% 6w (AM,1)2+(ANJ,2)2 2.3%
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Conclusions

Detailed Beam Current Normalisation Analysis

— established a measurement procedure

— updated central values

— reduced systematic uncertainties of April/May fills considerably

— main uncertainties are
» absolute scale (2.7%, studied further)
* relative per-bunch population
* baseline offset (negligible for high total intensities)

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



