
Riccardo Cenci
University of Maryland

Feb 10th, 2012

SuperB detector response 
to background

Joint Belle II & SuperB Background Meeting, Vienna, Austria



Riccardo Cenci Joint  Belle II-SuperB Background Meeting, Vienna, Feb 10, 20122

Outline
• Software

• Simulated events

• Geometry

• Event analysis

• Background estimation in sub-detectors and experimental hall

• Conclusions

• Acknowledgements: L. Burmistrov, A. Di Simone, S. Germani, D. Lindemann, 
E. Paoloni, A. Perez, V. Santoro, C. Stella



Riccardo Cenci Joint  Belle II-SuperB Background Meeting, Vienna, Feb 10, 20123

Simulation software
•Fully customized software based on Geant4 libraries, version 9.3

•Input:

• Method 1: list of particles with defined position and momentum 
at t=0

• Method 2: generator code is embedded and particles are 
generated internally (only for radiative BhaBha background)

•GDML geometry (modular files)

•Physics list: QGSP_BERT_HP plus optical photons simulation in 
specific volumes (Cherenkov detector)

•Relevant volumes are made sensitive 

•Output: ROOT file with non-digitized hits (position, incident and 
deposited energy) linked to track list. Note: tracks are recorded only 
if produce a hit or cross an interesting volume
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Simulation software (2)

•Interface: basic scripting 
available in Geant4 (.mac 
file)

•Options (Geant4 features 
or plugins):

•Geometry display with 
ROOT

•Tracks display

•Store truth information 
for all the tracks

SVT L0 bkg. Pairs production

Track rate: Geant4 sim. ~ 6.5 MHz/cm2
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Simulated events
•Type 1, 1 evt = 1 bunch crossing (266 MHz), # of 
tracks depending from luminosity (1036 s-1 cm-2)

• 2-photon (pairs): ~100k evts=372us, Diag36 external 
generator

• Radiative BhaBha: ~10k evts=37us, Bbbrem internal 
generator, only photons with E > 10% of CM energy 

• Type 2, 1 evt = 1 track with associated frequency

• Touschek: ~84k evts from HER, ~188k from LER 
provided from Manuela Boscolo

• Processing time is different, radiative BhaBha are much 
slower

PAIR PRODUCTION
42 G. Montagna et al./Nuclear Physics B 547 (1999) 39-59 

P-  ql 

q4 

P+ q2 

Fig. 1. One of the sixteen bremsstrahlung graphs representing the leading t-channel dynamics. 
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Fig. 2. One of the eight Feynman diagrams for multiperipheral dynamics. 
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Fig. 3. Two of the twelve Feynman diagrams representing conversion and annihilation dynamics, respectively. 

of bremsstrahlung contribution is given by the soft pair approximation, i.e. the limit 

It I >> to, Ikl. In this regime the emitted pair is almost collinear to the photon k. Thus the 

phase space configurations in which q3 and q4 are back-to-back are highly suppressed 

by t-channel dynamics. 

However, the selection criteria for kinematic events, used by the LEP collaborations 

and reviewed in Section 3, scan also the hard region. When bremsstrahlung processes get 

smaller, the next to leading Feynman graph topology is represented by multiperipheral 

dynamics shown in Fig. 2. Notice that this contribution is relevant also for 9'? physics, 

being described in its bulk by the Weizs~icker-Williams approximation [ 13] for which 

the internal photons become quasi-real. 

Bremsstrahlung and multiperipheral graphs do not complete all the Feynman graph 

topologies. Other two classes of diagrams can be drawn, namely the annihilation and 

conversion ones, which are shown in Fig. 3. Their contribution is less important at high 

energies and small momentum transfer. Thus in this paper phase space parameterization 

and importance sampling does not deal with these configurations. 

The two following subsections show how the kinematics is treated according to the 

previous considerations about the dynamics. 

Diag36 
( BaBar )

7.27 mbarn

0.022 mbarn

1.1 nbarn

Loss rates

Cross section Evt/bunch xing Rate

Radiative 
Bhabha

~340 mbarn
( E!/Ebeam > 1% )

~850 0.3THz

e+e- pair
production

~7.3 mbarn ~18 7GHz

e+e- pair
(seen by L0 @ 1.5 cm)

~0.3 mbarn ~0.8 0.3GHz

Elastic Bhabha
O(10-4) mbarn

(Det. acceptance)
~250/Million 100KHz

!"#$% O(10-6) mbarn ~2.5/Million 1 KHz

Loss rate Loss/bunch pass Rate

Touschek
(LER)

14kHz / bunch
(+/- 2 m from IP)

~7/100 14 MHz

e−

e+
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Geometry
•Modular geometry: separate GDML files for final focus, for 
each sub-detector, for solenoidal magnet, and for experimental 
hall

•Implemented geometry is mostly updated to the most recent 
option

•Magnetic solenoidal field: 1.5 T, everywhere in the detector 
and limited region of the beam pipe (±40 cm from IP)

•Final focus fully implemented (materials and magnetic fields) 
inside the detector and until ±15m from the IP

•Around the detector there are big plates of silicon to monitor 
the dose in the experimental hall, and a thick concrete wall to 
represent the external shielding
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Geometry
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Geometry
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Event analysis
•Output files need to be further processed to obtain plots plus 
rescaling

•Rates/fluxes: total frequency for a detector (MHz/kHz) or 
divided by area (MHz/kHz cm-2) for charged or a specific 
particle

•Doses: Mrad or krad integrated over 107 sec (SnowMass 
Year, SMY)

•Equivalent fluency of 1MeV neutron, [cm-2], integrated over 
a SnowMass year (each particle is rescaled according its type 
and momentum) 

•Hits information is available for detector material (silicon, 
gas, crystals, fused silica), but also for front-end electronic 
boards (FEE, silicon) for most of the sub-systems
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Silicon Vertex Detector (SVT)
•Instantaneous rate of charged tracks for SVT vs Z (summed over Phi)

•Layer 0, most of the rate is coming from 2-photon (mostly tracks 
coming directly from IP)

•Multiple crossing not included
h_SvtL00_TracksRate_z_bbbrem

Entries  480
Mean   -0.4361
RMS     3.057
Underflow       0
Overflow        0
Integral   7.322
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Tracks Rate distribution vs Z on Svt Layer 0 h_SvtL00_TracksRate_z_bbbrem

Entries  298506
Mean   0.04425
RMS     2.817
Underflow       0
Overflow        0
Integral   192.1

h_SvtL00_TracksRate_z_bbbrem

Entries  480
Mean   -0.4361
RMS     3.057
Underflow       0
Overflow        0
Integral   7.322

h_SvtL00_TracksRate_z_touschekHER

Entries  43859
Mean   -0.627
RMS     3.128
Underflow       0
Overflow        0
Integral   3.395

h_SvtL00_TracksRate_z_touschekLER

Entries  151181
Mean   0.7725
RMS     3.158
Underflow       0
Overflow        0
Integral   10.95

h_SvtL00_TracksRate_z_pairs

Entries  102986
Mean   0.03145
RMS     2.767
Underflow       0
Overflow        0
Integral   170.4

-2Avg 3.557 MHz cm
-2Max 5.072 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 0
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Silicon Vertex Detector (SVT)
•Instantaneous rate of charged tracks for SVT vs Z (summed over Phi)

•Layer 3, Touschek from LER is now comparable with 2-photon

•Multiple crossing not included

h_SvtL03_TracksRate_z_bbbrem

Entries  336
Mean    5.373
RMS     9.204
Underflow       0
Overflow        0
Integral  0.2806
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Tracks Rate distribution vs Z on Svt Layer 3 h_SvtL03_TracksRate_z_bbbrem

Entries  230329
Mean    5.235
RMS     8.267
Underflow       0
Overflow        0
Integral   2.225

h_SvtL03_TracksRate_z_bbbrem

Entries  336
Mean    5.373
RMS     9.204
Underflow       0
Overflow        0
Integral  0.2806

h_SvtL03_TracksRate_z_touschekHER

Entries  38094
Mean    2.595
RMS      8.49
Underflow       0
Overflow        0
Integral  0.1558

h_SvtL03_TracksRate_z_touschekLER

Entries  180537
Mean    6.196
RMS     7.712
Underflow       0
Overflow        0
Integral  0.7588

h_SvtL03_TracksRate_z_pairs

Entries  11362
Mean    4.889
RMS     8.246
Underflow       0
Overflow        0
Integral   1.029

-2Avg 0.06543 MHz cm
-2Max 0.17 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 3
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Silicon Vertex Detector (SVT)
•Instantaneous rate of clusters=crossing=curlers for SVT vs Z (summed over Phi)

•Layer 0, similar rate fraction for the different contributions

•Average # of clusters per track: ~2.6

•Additional factor due to # of hits (pixel/strip) per cluster, pitch/thickness dependent: 
average up to ~5 (200 um) 

h_SvtL00_Clusters2_z_bbbrem

Entries  1017
Mean   -0.3729
RMS     3.134
Underflow       0
Overflow        0
Integral   15.51
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Clusters2 distribution vs Z and Phi on Svt Layer 0 h_SvtL00_Clusters2_z_bbbrem

Entries  732727
Mean   0.02034
RMS     2.902
Underflow       0
Overflow        0
Integral   487.2

h_SvtL00_Clusters2_z_bbbrem

Entries  1017
Mean   -0.3729
RMS     3.134
Underflow       0
Overflow        0
Integral   15.51

h_SvtL00_Clusters2_z_touschekHER

Entries  105047
Mean   -0.09207

RMS     3.032
Underflow       0

Overflow        0
Integral   7.995

h_SvtL00_Clusters2_z_touschekLER

Entries  362353
Mean   0.2002
RMS     3.084
Underflow       0
Overflow        0
Integral   26.31

h_SvtL00_Clusters2_z_pairs

Entries  264310
Mean   0.02553
RMS     2.878
Underflow       0
Overflow        0
Integral   437.4

-2Avg 9.023 MHz cm
-2Max 11.79 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Clusters2 distribution vs Z and Phi on Svt Layer 0
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Silicon Vertex Detector (SVT)
•Integrated dose, Equivalent fluency for Layer 0

•Dose is not dependent from z: less particles at small angles, 
but longer path in the silicon

h_SvtL00_RadDose_z_bbbrem

Entries  2820
Mean   -0.4299
RMS     3.302
Underflow       0
Overflow        0
Integral    7.93
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Radiation Dose on Svt Layer 0 vs z h_SvtL00_RadDose_z_bbbrem

Entries  2558067
Mean   0.01488

RMS     3.056
Underflow       0

Overflow        0
Integral   257.1

h_SvtL00_RadDose_z_bbbrem

Entries  2820
Mean   -0.4299
RMS     3.302
Underflow       0
Overflow        0
Integral    7.93

h_SvtL00_RadDose_z_touschekHER

Entries  386959
Mean   -0.1658
RMS     3.037
Underflow       0
Overflow        0
Integral   6.731

h_SvtL00_RadDose_z_touschekLER

Entries  1323777
Mean   0.2136

RMS     3.074
Underflow       0

Overflow        0
Integral   20.33

h_SvtL00_RadDose_z_pairs

Entries  844511
Mean   0.01804
RMS     3.043
Underflow       0
Overflow        0
Integral   222.1

 sec]7Avg 4.762 Mrad [10
 sec]7Max 5.185 Mrad [10

Sum

bbbrem

touschekHER

touschekLER

pairs

Radiation Dose on Svt Layer 0 vs z h_SvtL00_Fluency_z_bbbrem

Entries  465

Mean   -0.5442

RMS     3.427

Underflow       0

Overflow        0

Integral  1.347e+13
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Fluency of hits on Svt Layer 0 vs incoming energy / z h_SvtL00_Fluency_z_bbbrem

Entries  130538

Mean   0.01518

RMS      3.19

Underflow       0

Overflow        0

Integral  3.651e+14

h_SvtL00_Fluency_z_bbbrem

Entries  465

Mean   -0.5442

RMS     3.427

Underflow       0

Overflow        0

Integral  1.347e+13

h_SvtL00_Fluency_z_touschekHER

Entries  4254

Mean   -0.1897

RMS     3.037

Underflow       0

Overflow        0

Integral  1.368e+13

h_SvtL00_Fluency_z_touschekLER

Entries  24153

Mean    0.227

RMS     3.072

Underflow       0

Overflow        0

Integral  3.918e+13

h_SvtL00_Fluency_z_pairs

Entries  101667

Mean   0.02201

RMS     3.198

Underflow       0

Overflow        0

Integral  2.988e+14

 sec]7 [10-2Avg 6.761e+12 cm
 sec]7 [10-2Max 8.091e+12 cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Fluency of hits on Svt Layer 0 vs incoming energy / z
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Silicon Vertex Detector FEE
•Integrated dose on the SVT 
FEE

•Wide area tested for L0, small 
chips for outer layers 

•Table shows the max values 
accumulated in 1 SMy

2photon
Radiation dose vs z

Max. Dose (krad) 0 1 2 3 4 5
Pairs

RadBhabha
Touschek HER
Touschek LER

TOTAL

520 71 85 95 48 8
95 15 14 22 11 2
57 12 14 7.5 3 1.2
180 52 64 29 8.2 3.9
852 150 177 154 70 15
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Silicon Vertex Detector FEE
•Particle fluxes on SVT FEE

•Mostly photons, peak at 511 keV for annihilated positrons 

•Few neutrons, others are negligible
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Drift chamber FEE
•FEE simulated by 3 silicon 
plates on the bwd side

•Integrated dose on the 
second plate (# 1), summed 
over all the contributions

•Radiative BhaBha is 
dominant

•Dose looks not so critical
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Integral     6067
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       0    6067       0
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Radiation Dose on Dch FEE Plate 1 vs x y
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Drift chamber FEE
•Particle fluxes on DCH FEE, inner zone (23 < radius < 40 cm)

•Again mostly are photons, peak at 511 keV for annihilated positrons 

•Less electron/positron, more neutrons, others are negligible
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Int. refl. Cherenkov light det. FEE
•Cherenkov detector like BaBar, no estimation yet

•Simple estimation for Forward Cherenkov detector, only 
radiative BhaBha contribution

15.12.2011 SuperB meeting, Frascati  6

Deposit dose in the FTOF front end electronics

~ 1 kRad in one year

Dose: 1 krad 
for 1 SMY

15.12.2011 SuperB meeting, Frascati  4

Gammas

Mean energy:       1.5 MeV

Rate:       57.3 kHz/cm2

15.12.2011 SuperB meeting, Frascati  5

Neutron rate

Rate:       17 kHz/cm2

Photons
Mean energy: 1.5 MeV
Total rate: 57.3 kHz/cm-2 

Neutrons
Total rate: 17 kHz/cm-2 
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EM calorimeter (EMC)
•Rate of energy deposited in the whole Barrel (left) and 
Forward (right) calorimeter 

•Main contribution is from BhaBha, but at high energy, where 
Touschek from HER is dominant
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EM calorimeter (EMC)
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•Total rate for photons and neutrons

•Shape are similar to DCH FEE

•Main contribution is always BhaBha
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Instrum. flux return (IFR)
•Neutron fluxes 
vs detector 
coordinates

•Layer of detector 
closer to the IP

Valentina Santoro II-SuperB Collaboration Meeting 
15 

Neutron Rates for layer 0 from different background Sources  

Rate for Barrel L0 

Rate for FWD L0 Rate for BWD L0 

V
a
le
n
ti
n
a
 S
a
n
to
ro
 

II
-S
up
er
B
 C
ol
la
bo
ra
tio
n 
M
ee
tin
g 

15
 

N
eu
tro
n 
Ra
te
s f
or
 la
ye
r 0
 fr
om
 d
iff
er
en
t b
ac
kg
ro
un
d 
So
ur
ce
s  

R
at
e 
fo
r B
ar
re
l L
0 

R
at
e 
fo
r F
W
D
 L
0 

R
at
e 
fo
r B
W
D
 L
0 

V
al

e
n

ti
n

a 
Sa

n
to

ro
 

II-
Su

pe
rB

 C
ol

lab
or

at
io

n 
M

ee
tin

g 
15

 

Ne
ut

ro
n 

Ra
tes

 fo
r l

ay
er

 0
 fr

om
 d

iff
er

en
t b

ac
kg

ro
un

d 
So

ur
ce

s  

Ra
te

 fo
r B

ar
re

l L
0 

Ra
te

 fo
r F

W
D

 L
0 

Ra
te

 fo
r B

W
D

 L
0 



Riccardo Cenci Joint  Belle II-SuperB Background Meeting, Vienna, Feb 10, 201222

Instrum. flux return (IFR)
•Neutron rates vs detector 
coordinate for Forward, Barrel 
and Backward

•Rates are really high in the 
region close to the pipes

•Main contribution is again 
from Radiative BhaBha

Valentina Santoro II-SuperB Collaboration Meeting 
15 

Neutron Rates for layer 0 from different background Sources  

Rate for Barrel L0 

Rate for FWD L0 Rate for BWD L0 

Valentina Santoro II-SuperB Collaboration Meeting 
15 

Neutron Rates for layer 0 from different background Sources  

Rate for Barrel L0 

Rate for FWD L0 Rate for BWD L0 

Valentina Santoro II-SuperB Collaboration Meeting 
15 

Neutron Rates for layer 0 from different background Sources  

Rate for Barrel L0 

Rate for FWD L0 Rate for BWD L0 
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Instrum. flux return (IFR)

Valentina Santoro II-SuperB Collaboration Meeting 
16 

Electron Rates and Energy distribution from different background Sources  

Rate for Barrel L0 Energy distribution:Barrel 

Energy distribution:FWD Energy distribution:BWD 

•Electron rate per area for barrel 
vs z coordinate (left)

•Total electron rate vs energy 
(bottom)

•Main contribution is again from 
Radiative BhaBha

Valentina Santoro II-SuperB Collaboration Meeting 
16 

Electron Rates and Energy distribution from different background Sources  

Rate for Barrel L0 Energy distribution:Barrel 

Energy distribution:FWD Energy distribution:BWD 

Valentina Santoro II-SuperB Collaboration Meeting 
16 

Electron Rates and Energy distribution from different background Sources  

Rate for Barrel L0 Energy distribution:Barrel 

Energy distribution:FWD Energy distribution:BWD 

Valentina Santoro II-SuperB Collaboration Meeting 
16 

Electron Rates and Energy distribution from different background Sources  

Rate for Barrel L0 Energy distribution:Barrel 

Energy distribution:FWD Energy distribution:BWD 
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Instrum. flux return FEE

Valentina Santoro II-SuperB Collaboration Meeting 
18 

Present layout of the IFR crates  

C2 

C0 C0 
C1 

C2 
C2 

Barrel 
FWD Endcap 

FWD Endcap 

BWD Endcap 

C3 

C5 

C6 

C2 

C4 
C4 

C4 

C4 

C0 C0 

C6 C6 C6 

Crate 2 Barrel 
Crate 2 FWD 

Crate 2 BWD 

•Silicon board to test electronics crate locations outside the detector
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Instrum. flux return FEE
•Only radiative BhaBha contribution

•Integrated dose in 1 SMY (left)

•Neutron rate in FEE (right)

•The barrel locations have always dose and rate lower than the ones for 
the endcaps 

Valentina Santoro II-SuperB Collaboration Meeting 
19 

Neutron Rates  for FEEs Electronics   

Hz/cm2 

y 

x 

2D view of  one FEE 

Mean Rate for each FEE in different Crates 

Crates located in the FWD have 

systematically higher rates 

compared to that one in the 

Barrel 

Valentina Santoro II-SuperB Collaboration Meeting 
21 

Absorbed Dose for each FEE Crates 
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Experimental hall
•For testing other crates position inside the experimental hall 
we add thin silicon plates to span the whole room
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Experimental hall
•Integrated dose in 1 SMY, integrated over Phi

•Most activity is in the region close to the beam

•Areas above 100 kRad should be avoided

•Radiative BhaBha is the main contribution, others are smaller than a factor 50
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Conclusions
•Short summary of a very complex work started addressing many requests 

from sub-detector designer

•Radiative BhaBha is the dominant contribution for many sub-systems, but 
SVT inner layers, where the main one is 2-photon

•Full simulation confirmed to be an extremely useful tool for:

•estimating many data to be used when finalizing the design

•optimizing passive material placements

•corroborate out-of-the-envelope estimations

•Additional doses, rates, and Cherenkov optical photons simulation are in the 
pipeline, results are coming soon

•Do not forget: some contributions are still missing (beam-gas, SR), expected 
to be smaller (if no surprise)



Riccardo Cenci Joint  Belle II-SuperB Background Meeting, Vienna, Feb 10, 201229



Riccardo Cenci Joint  Belle II-SuperB Background Meeting, Vienna, Feb 10, 201230

Silicon Vertex Detector (SVT)
•Track rate, Cluster rate, Integrated dose, Equivalent fluency for Layer 1

h_SvtL01_TracksRate_z_bbbrem

Entries  223
Mean    1.782
RMS      4.77
Underflow       0
Overflow   0.07764
Integral  0.5883
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Tracks Rate distribution vs Z on Svt Layer 1 h_SvtL01_TracksRate_z_bbbrem

Entries  246480
Mean    2.495
RMS     4.714
Underflow       0
Overflow   0.9636
Integral   8.675

h_SvtL01_TracksRate_z_bbbrem

Entries  223
Mean    1.782
RMS      4.77
Underflow       0
Overflow   0.07764
Integral  0.5883

h_SvtL01_TracksRate_z_touschekHER

Entries  45237
Mean   0.9747
RMS     4.797
Underflow       0
Overflow   0.04692
Integral  0.6022

h_SvtL01_TracksRate_z_touschekLER

Entries  183749
Mean     3.47
RMS     4.573
Underflow       0
Overflow    0.345
Integral   2.383

h_SvtL01_TracksRate_z_pairs

Entries  17271
Mean    2.302
RMS     4.675
Underflow       0
Overflow    0.494
Integral   5.101

-2Avg 0.2169 MHz cm
-2Max 0.3161 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 1
h_SvtL01_Clusters2_z_bbbrem

Entries  409
Mean    1.349
RMS     4.662
Underflow       0
Overflow   0.1314
Integral   1.221
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Clusters2 distribution vs Z and Phi on Svt Layer 1 h_SvtL01_Clusters2_z_bbbrem

Entries  197904
Mean    2.172
RMS       4.6
Underflow       0
Overflow    1.682
Integral   20.74

h_SvtL01_Clusters2_z_bbbrem

Entries  409
Mean    1.349
RMS     4.662
Underflow       0
Overflow   0.1314
Integral   1.221

h_SvtL01_Clusters2_z_touschekHER

Entries  22364
Mean    1.995
RMS      4.61
Underflow       0
Overflow   0.1132
Integral   1.571

h_SvtL01_Clusters2_z_touschekLER

Entries  139754
Mean    2.327
RMS     4.569
Underflow       0
Overflow   0.4992
Integral    6.49

h_SvtL01_Clusters2_z_pairs

Entries  35377
Mean    2.196
RMS     4.599
Underflow       0
Overflow   0.9385
Integral   11.46

-2Avg 0.5186 MHz cm
-2Max 0.5815 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Clusters2 distribution vs Z and Phi on Svt Layer 1

h_SvtL01_RadDose_z_bbbrem

Entries  1523
Mean    1.747
RMS     4.899
Underflow       0
Overflow   0.06932
Integral  0.4965
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Radiation Dose on Svt Layer 1 vs z h_SvtL01_RadDose_z_bbbrem

Entries  2611243
Mean    2.267

RMS     4.652
Underflow       0

Overflow   0.9166
Integral   10.81

h_SvtL01_RadDose_z_bbbrem

Entries  1523
Mean    1.747
RMS     4.899
Underflow       0
Overflow   0.06932
Integral  0.4965

h_SvtL01_RadDose_z_touschekHER

Entries  492547
Mean    2.054
RMS     4.581
Underflow       0
Overflow   0.06674
Integral    0.99

h_SvtL01_RadDose_z_touschekLER

Entries  1995337
Mean    2.249

RMS     4.557
Underflow       0

Overflow   0.3025
Integral   3.951

h_SvtL01_RadDose_z_pairs

Entries  121836
Mean    2.368
RMS     4.705
Underflow       0
Overflow    0.478
Integral   5.369

 sec]7Avg 0.2702 Mrad [10
 sec]7Max 0.3215 Mrad [10

Sum

bbbrem

touschekHER

touschekLER

pairs

Radiation Dose on Svt Layer 1 vs z
h_SvtL01_Fluency_z_bbbrem

Entries  216

Mean    2.225

RMS     4.872

Underflow       0

Overflow   1.084e+11
Integral  8.824e+11
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Fluency of hits on Svt Layer 1 vs incoming energy / z h_SvtL01_Fluency_z_bbbrem

Entries  60343

Mean    2.337

RMS      4.67

Underflow       0

Overflow   1.631e+12

Integral  1.885e+13

h_SvtL01_Fluency_z_bbbrem

Entries  216

Mean    2.225

RMS     4.872

Underflow       0

Overflow   1.084e+11
Integral  8.824e+11

h_SvtL01_Fluency_z_touschekHER

Entries  6230

Mean    2.082

RMS     4.575

Underflow       0

Overflow   1.188e+11
Integral  1.8e+12

h_SvtL01_Fluency_z_touschekLER

Entries  38615

Mean    2.229

RMS     4.546

Underflow       0

Overflow   5.424e+11

Integral  6.883e+12

h_SvtL01_Fluency_z_pairs

Entries  15282

Mean    2.478

RMS     4.754

Underflow       0

Overflow   8.618e+11

Integral  9.287e+12

 sec]7 [10-2Avg 4.713e+11 cm
 sec]7 [10-2Max 5.809e+11 cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Fluency of hits on Svt Layer 1 vs incoming energy / z
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Silicon Vertex Detector (SVT)
•Track rate, Cluster rate, Integrated dose, Equivalent fluency for Layer 2

h_SvtL02_TracksRate_z_bbbrem

Entries  198
Mean     2.41
RMS     5.592
Underflow       0
Overflow        0
Integral  0.3252
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Tracks Rate distribution vs Z on Svt Layer 2 h_SvtL02_TracksRate_z_bbbrem

Entries  230101
Mean    2.819
RMS     5.404
Underflow       0
Overflow        0
Integral    4.27

h_SvtL02_TracksRate_z_bbbrem

Entries  198
Mean     2.41
RMS     5.592
Underflow       0
Overflow        0
Integral  0.3252

h_SvtL02_TracksRate_z_touschekHER

Entries  40832
Mean   0.9004
RMS      5.49
Underflow       0
Overflow        0
Integral   0.324

h_SvtL02_TracksRate_z_touschekLER

Entries  176848
Mean    3.733
RMS     5.213
Underflow       0
Overflow        0
Integral   1.443

h_SvtL02_TracksRate_z_pairs

Entries  12223
Mean     2.56
RMS     5.377
Underflow       0
Overflow        0
Integral   2.178

-2Avg 0.1378 MHz cm
-2Max 0.2178 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 2 h_SvtL02_Clusters2_z_bbbrem

Entries  416
Mean    2.161
RMS     5.477
Underflow       0
Overflow        0
Integral  0.6832

Z (cm)
-15 -10 -5 0 5 10 15

-2
M

Hz
 c

m

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Clusters2 distribution vs Z and Phi on Svt Layer 2 h_SvtL02_Clusters2_z_bbbrem

Entries  594013
Mean    2.242
RMS     5.275
Underflow       0
Overflow        0
Integral   9.904

h_SvtL02_Clusters2_z_bbbrem

Entries  416
Mean    2.161
RMS     5.477
Underflow       0
Overflow        0
Integral  0.6832

h_SvtL02_Clusters2_z_touschekHER

Entries  105832
Mean    2.001
RMS     5.245
Underflow       0
Overflow        0
Integral   0.829

h_SvtL02_Clusters2_z_touschekLER

Entries  461833
Mean     2.25
RMS     5.184
Underflow       0
Overflow        0
Integral   3.771

h_SvtL02_Clusters2_z_pairs

Entries  25932
Mean    2.292
RMS     5.321
Underflow       0
Overflow        0
Integral   4.621

-2Avg 0.3195 MHz cm
-2Max 0.3785 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Clusters2 distribution vs Z and Phi on Svt Layer 2

h_SvtL02_RadDose_z_bbbrem

Entries  1788
Mean    2.239
RMS      5.69
Underflow       0
Overflow        0
Integral  0.2805
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Radiation Dose on Svt Layer 2 vs z h_SvtL02_RadDose_z_bbbrem

Entries  2519188
Mean    2.258

RMS     5.292
Underflow       0

Overflow        0
Integral   5.116

h_SvtL02_RadDose_z_bbbrem

Entries  1788
Mean    2.239
RMS      5.69
Underflow       0
Overflow        0
Integral  0.2805

h_SvtL02_RadDose_z_touschekHER

Entries  458026
Mean    2.008
RMS     5.185
Underflow       0
Overflow        0
Integral  0.5103

h_SvtL02_RadDose_z_touschekLER

Entries  1969525
Mean    2.066

RMS     5.131
Underflow       0

Overflow        0
Integral   2.238

h_SvtL02_RadDose_z_pairs

Entries  89849
Mean    2.528
RMS     5.418
Underflow       0
Overflow        0
Integral   2.087

 sec]7Avg 0.165 Mrad [10
 sec]7Max 0.1965 Mrad [10

Sum

bbbrem

touschekHER

touschekLER

pairs

Radiation Dose on Svt Layer 2 vs z
h_SvtL02_Fluency_z_bbbrem

Entries  218

Mean    2.825

RMS     5.658

Underflow       0

Overflow        0
Integral  4.217e+11
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Fluency of hits on Svt Layer 2 vs incoming energy / z h_SvtL02_Fluency_z_bbbrem

Entries  62195

Mean    2.292

RMS     5.291

Underflow       0

Overflow        0

Integral  8.889e+12

h_SvtL02_Fluency_z_bbbrem

Entries  218

Mean    2.825

RMS     5.658

Underflow       0

Overflow        0
Integral  4.217e+11

h_SvtL02_Fluency_z_touschekHER

Entries  5417

Mean    2.045

RMS     5.176

Underflow       0

Overflow        0
Integral  9.251e+11

h_SvtL02_Fluency_z_touschekLER

Entries  46112

Mean    1.983

RMS     5.093

Underflow       0

Overflow        0

Integral  3.885e+12

h_SvtL02_Fluency_z_pairs

Entries  10448

Mean    2.622

RMS     5.455

Underflow       0

Overflow        0

Integral  3.657e+12

 sec]7 [10-2Avg 2.867e+11 cm
 sec]7 [10-2Max 3.385e+11 cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Fluency of hits on Svt Layer 2 vs incoming energy / z
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Silicon Vertex Detector (SVT)
•Track rate, Cluster rate, Integrated dose, Equivalent fluency for Layer 3

h_SvtL03_TracksRate_z_bbbrem

Entries  336
Mean    5.373
RMS     9.204
Underflow       0
Overflow        0
Integral  0.2806
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Tracks Rate distribution vs Z on Svt Layer 3 h_SvtL03_TracksRate_z_bbbrem

Entries  230329
Mean    5.235
RMS     8.267
Underflow       0
Overflow        0
Integral   2.225

h_SvtL03_TracksRate_z_bbbrem

Entries  336
Mean    5.373
RMS     9.204
Underflow       0
Overflow        0
Integral  0.2806

h_SvtL03_TracksRate_z_touschekHER

Entries  38094
Mean    2.595
RMS      8.49
Underflow       0
Overflow        0
Integral  0.1558

h_SvtL03_TracksRate_z_touschekLER

Entries  180537
Mean    6.196
RMS     7.712
Underflow       0
Overflow        0
Integral  0.7588

h_SvtL03_TracksRate_z_pairs

Entries  11362
Mean    4.889
RMS     8.246
Underflow       0
Overflow        0
Integral   1.029

-2Avg 0.06543 MHz cm
-2Max 0.17 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 3
h_SvtL03_Clusters2_z_bbbrem

Entries  842
Mean    5.269
RMS     8.544
Underflow       0
Overflow        0
Integral  0.7032
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Clusters2 distribution vs Z and Phi on Svt Layer 3 h_SvtL03_Clusters2_z_bbbrem

Entries  677047
Mean    4.368
RMS     7.943
Underflow       0
Overflow        0
Integral   5.359

h_SvtL03_Clusters2_z_bbbrem

Entries  842
Mean    5.269
RMS     8.544
Underflow       0
Overflow        0
Integral  0.7032

h_SvtL03_Clusters2_z_touschekHER

Entries  106908
Mean    3.553
RMS     7.874
Underflow       0
Overflow        0
Integral  0.4239

h_SvtL03_Clusters2_z_touschekLER

Entries  548234
Mean    3.893
RMS     7.639
Underflow       0
Overflow        0
Integral   2.324

h_SvtL03_Clusters2_z_pairs

Entries  21063
Mean    4.796
RMS     8.034
Underflow       0
Overflow        0
Integral   1.908

-2Avg 0.1576 MHz cm
-2Max 0.2907 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Clusters2 distribution vs Z and Phi on Svt Layer 3

h_SvtL03_RadDose_z_bbbrem

Entries  4169
Mean    5.226
RMS     8.652
Underflow       0
Overflow        0
Integral  0.2879
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Radiation Dose on Svt Layer 3 vs z h_SvtL03_RadDose_z_bbbrem

Entries  2998677
Mean    4.215

RMS     7.966
Underflow       0

Overflow        0
Integral   2.507

h_SvtL03_RadDose_z_bbbrem

Entries  4169
Mean    5.226
RMS     8.652
Underflow       0
Overflow        0
Integral  0.2879

h_SvtL03_RadDose_z_touschekHER

Entries  497645
Mean    3.642
RMS     7.762
Underflow       0
Overflow        0
Integral  0.2289

h_SvtL03_RadDose_z_touschekLER

Entries  2401393
Mean    3.478

RMS     7.643
Underflow       0

Overflow        0
Integral   1.228

h_SvtL03_RadDose_z_pairs

Entries  95470
Mean    5.192
RMS     8.118
Underflow       0
Overflow        0
Integral  0.7619

 sec]7Avg 0.07372 Mrad [10
 sec]7Max 0.1405 Mrad [10

Sum

bbbrem

touschekHER

touschekLER

pairs

Radiation Dose on Svt Layer 3 vs z
h_SvtL03_Fluency_z_bbbrem

Entries  409

Mean    4.382

RMS     8.393

Underflow       0

Overflow        0
Integral  3.364e+11
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Fluency of hits on Svt Layer 3 vs incoming energy / z h_SvtL03_Fluency_z_bbbrem

Entries  61483

Mean    3.913

RMS     7.934

Underflow       0

Overflow        0

Integral  3.909e+12

h_SvtL03_Fluency_z_bbbrem

Entries  409

Mean    4.382

RMS     8.393

Underflow       0

Overflow        0
Integral  3.364e+11

h_SvtL03_Fluency_z_touschekHER

Entries  6219

Mean    3.783

RMS     7.661

Underflow       0

Overflow        0
Integral  3.774e+11

h_SvtL03_Fluency_z_touschekLER

Entries  48826
Mean    2.971

RMS     7.607
Underflow       0

Overflow        0
Integral  1.96e+12

h_SvtL03_Fluency_z_pairs

Entries  6030

Mean     5.32

RMS     8.173

Underflow       0

Overflow        0

Integral  1.235e+12

 sec]7 [10-2Avg 1.15e+11 cm
 sec]7 [10-2Max 1.937e+11 cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Fluency of hits on Svt Layer 3 vs incoming energy / z
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Silicon Vertex Detector (SVT)
•Track rate, Cluster rate, Integrated dose, Equivalent fluency for Layer 4

h_SvtL04_TracksRate_z_bbbrem

Entries  519
Mean    6.468
RMS     14.55
Underflow       0
Overflow        0
Integral  0.1397
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Tracks Rate distribution vs Z on Svt Layer 4 h_SvtL04_TracksRate_z_bbbrem

Entries  149430
Mean    5.245
RMS     13.51
Underflow       0
Overflow        0
Integral  0.6654

h_SvtL04_TracksRate_z_bbbrem

Entries  519
Mean    6.468
RMS     14.55
Underflow       0
Overflow        0
Integral  0.1397

h_SvtL04_TracksRate_z_touschekHER

Entries  28885
Mean    6.533
RMS     13.81
Underflow       0
Overflow        0
Integral  0.03831

h_SvtL04_TracksRate_z_touschekLER

Entries  108524
Mean    3.831
RMS     13.28
Underflow       0
Overflow        0
Integral  0.1513

h_SvtL04_TracksRate_z_pairs

Entries  11502
Mean    5.226
RMS     13.06
Underflow       0
Overflow        0
Integral   0.336

-2Avg 0.01848 MHz cm
-2Max 0.03985 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Tracks Rate distribution vs Z on Svt Layer 4 h_SvtL04_Clusters2_z_bbbrem

Entries  863
Mean    7.458
RMS     14.69
Underflow       0
Overflow        0
Integral  0.2324
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Clusters2 distribution vs Z and Phi on Svt Layer 4 h_SvtL04_Clusters2_z_bbbrem

Entries  273184
Mean    5.377
RMS     13.49
Underflow       0
Overflow        0
Integral    1.04

h_SvtL04_Clusters2_z_bbbrem

Entries  863
Mean    7.458
RMS     14.69
Underflow       0
Overflow        0
Integral  0.2324

h_SvtL04_Clusters2_z_touschekHER

Entries  54118
Mean    6.614
RMS     13.35
Underflow       0
Overflow        0
Integral  0.07096

h_SvtL04_Clusters2_z_touschekLER

Entries  202774
Mean    3.637
RMS     12.84
Underflow       0
Overflow        0
Integral  0.2865

h_SvtL04_Clusters2_z_pairs

Entries  15429
Mean    5.215
RMS      13.1
Underflow       0
Overflow        0
Integral  0.4507

-2Avg 0.0289 MHz cm
-2Max 0.06688 MHz cm

Sum

bbbrem

touschekHER

touschekLER

pairs

Clusters2 distribution vs Z and Phi on Svt Layer 4

h_SvtL04_RadDose_z_bbbrem

Entries  4521
Mean    8.141
RMS     15.09
Underflow       0
Overflow        0
Integral  0.07252
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Radiation Dose on Svt Layer 4 vs z h_SvtL04_RadDose_z_bbbrem

Entries  1838843
Mean    5.421

RMS     13.79
Underflow       0

Overflow        0
Integral  0.3455

h_SvtL04_RadDose_z_bbbrem

Entries  4521
Mean    8.141
RMS     15.09
Underflow       0
Overflow        0
Integral  0.07252

h_SvtL04_RadDose_z_touschekHER

Entries  372384
Mean    6.398
RMS     13.56
Underflow       0
Overflow        0
Integral  0.02808

h_SvtL04_RadDose_z_touschekLER

Entries  1357960
Mean    3.142

RMS     12.87
Underflow       0

Overflow        0
Integral  0.1147

h_SvtL04_RadDose_z_pairs

Entries  103978
Mean    5.701
RMS     13.54
Underflow       0
Overflow        0
Integral  0.1302

 sec]7Avg 0.009597 Mrad [10
 sec]7Max 0.02871 Mrad [10

Sum

bbbrem

touschekHER

touschekLER

pairs

Radiation Dose on Svt Layer 4 vs z
h_SvtL04_Fluency_z_bbbrem

Entries  233

Mean    10.34

RMS     14.64

Underflow       0

Overflow        0

Integral  8.936e+10
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Fluency of hits on Svt Layer 4 vs incoming energy / z h_SvtL04_Fluency_z_bbbrem

Entries  18245

Mean    6.221

RMS     14.43

Underflow       0

Overflow        0
Integral  3.803e+11

h_SvtL04_Fluency_z_bbbrem

Entries  233

Mean    10.34

RMS     14.64

Underflow       0

Overflow        0

Integral  8.936e+10

h_SvtL04_Fluency_z_touschekHER

Entries  2293

Mean    8.526

RMS     13.96

Underflow       0

Overflow        0

Integral  2.993e+10

h_SvtL04_Fluency_z_touschekLER

Entries  13505
Mean    1.555

RMS     13.35
Underflow       0

Overflow        0
Integral  1.26e+11

h_SvtL04_Fluency_z_pairs

Entries  2214
Mean    7.339

RMS     14.19
Underflow       0

Overflow        0
Integral  1.35e+11

 sec]7 [10-2Avg 1.056e+10 cm
 sec]7 [10-2Max 4.226e+10 cm
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Fluency of hits on Svt Layer 4 vs incoming energy / z
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Silicon Vertex Detector (SVT)
•Track rate, Cluster rate, Integrated dose, Equivalent fluency for Layer 5

h_SvtL05_TracksRate_z_bbbrem

Entries  534
Mean    4.285

RMS      15.1
Underflow       0

Overflow   0.006246
Integral  0.1173
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Tracks Rate distribution vs Z on Svt Layer 5 h_SvtL05_TracksRate_z_bbbrem

Entries  129528
Mean    3.682
RMS     14.89
Underflow       0
Overflow   0.0185
Integral  0.5183

h_SvtL05_TracksRate_z_bbbrem

Entries  534
Mean    4.285

RMS      15.1
Underflow       0

Overflow   0.006246
Integral  0.1173

h_SvtL05_TracksRate_z_touschekHER

Entries  26311
Mean    6.153

RMS     15.23
Underflow       0

Overflow   0.002242
Integral  0.02728

h_SvtL05_TracksRate_z_touschekLER

Entries  91804
Mean    1.528

RMS     14.45
Underflow       0

Overflow   0.001936
Integral  0.1088

h_SvtL05_TracksRate_z_pairs

Entries  10879
Mean    4.046

RMS     14.84
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Overflow   0.008081
Integral  0.2649

-2Avg 0.01205 MHz cm
-2Max 0.01681 MHz cm

Sum
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pairs

Tracks Rate distribution vs Z on Svt Layer 5 h_SvtL05_Clusters2_z_bbbrem

Entries  682
Mean    5.504

RMS     15.29
Underflow       0

Overflow   0.009947
Integral  0.1578
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Clusters2 distribution vs Z and Phi on Svt Layer 5 h_SvtL05_Clusters2_z_bbbrem

Entries  77987
Mean     3.82
RMS     14.79
Underflow       0
Overflow   0.02766
Integral  0.7632

h_SvtL05_Clusters2_z_bbbrem

Entries  682
Mean    5.504

RMS     15.29
Underflow       0

Overflow   0.009947
Integral  0.1578

h_SvtL05_Clusters2_z_touschekHER

Entries  9669
Mean    6.779

RMS     14.67
Underflow       0

Overflow   0.003289
Integral  0.05289
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Entries  53886
Mean   0.9348

RMS     13.81
Underflow       0

Overflow   0.003109
Integral  0.2074

h_SvtL05_Clusters2_z_pairs

Entries  13750
Mean    4.331
RMS     14.88
Underflow       0
Overflow   0.01132
Integral  0.3451

-2Avg 0.01775 MHz cm
-2Max 0.02256 MHz cm

Sum
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touschekHER

touschekLER
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Clusters2 distribution vs Z and Phi on Svt Layer 5

h_SvtL05_RadDose_z_bbbrem

Entries  3953
Mean    6.144
RMS     14.93
Underflow       0
Overflow   0.00357
Integral  0.04221
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Radiation Dose on Svt Layer 5 vs z h_SvtL05_RadDose_z_bbbrem

Entries  1743531
Mean    3.518
RMS     14.92
Underflow       0
Overflow   0.01049
Integral  0.2291

h_SvtL05_RadDose_z_bbbrem

Entries  3953
Mean    6.144
RMS     14.93
Underflow       0
Overflow   0.00357
Integral  0.04221

h_SvtL05_RadDose_z_touschekHER

Entries  362182
Mean    7.333

RMS     14.82
Underflow       0

Overflow   0.001271
Integral  0.01866

h_SvtL05_RadDose_z_touschekLER

Entries  1274022
Mean   -0.1805

RMS     13.68
Underflow       0

Overflow   0.001188
Integral  0.0766

h_SvtL05_RadDose_z_pairs

Entries  103374
Mean    4.624

RMS     15.28
Underflow       0

Overflow   0.004464
Integral  0.0916

 sec]7Avg 0.005328 Mrad [10
 sec]7Max 0.007249 Mrad [10

Sum

bbbrem

touschekHER

touschekLER
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Radiation Dose on Svt Layer 5 vs z h_SvtL05_Fluency_z_bbbrem

Entries  115

Mean     6.97

RMS     14.99

Underflow       0

Overflow   5.169e+09

Integral  4.717e+10
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Fluency of hits on Svt Layer 5 vs incoming energy / z h_SvtL05_Fluency_z_bbbrem

Entries  12621

Mean    3.879

RMS     15.66

Underflow       0

Overflow   1.426e+10

Integral  1.95e+11

h_SvtL05_Fluency_z_bbbrem

Entries  115

Mean     6.97

RMS     14.99

Underflow       0

Overflow   5.169e+09

Integral  4.717e+10

h_SvtL05_Fluency_z_touschekHER

Entries  2032

Mean    9.795

RMS     14.85

Underflow       0

Overflow   1.715e+09

Integral  1.507e+10

h_SvtL05_Fluency_z_touschekLER

Entries  9353

Mean    -2.97

RMS     13.38

Underflow       0

Overflow   8.53e+08

Integral  5.982e+10

h_SvtL05_Fluency_z_pairs

Entries  1121

Mean    6.273

RMS     16.13

Underflow       0

Overflow   6.522e+09

Integral  7.298e+10

 sec]7 [10-2Avg 4.536e+09 cm
 sec]7 [10-2Max 8.146e+09 cm

Sum
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Fluency of hits on Svt Layer 5 vs incoming energy / z
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Drift chamber FEE
•Integrated dose and particle fluxes on the first plate (# 0), summed over all the contributions
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Entries  3812750
Mean x   1.454
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Radiation Dose on Dch FEE Plate 0 vs x y

E (eV)
410 510 610 710 810 910 1010

-2
k
H

z
 c

m

-410

-310

-210

-110

1

10

Flux in Svt Layer 0 FEE Inner Zone vs Kinetic Energy h_DchFEEL00_Inner_Flux_Ekin_Elec

Entries  50688

Mean   1.744e+06

RMS    3.374e+07

Underflow  0.1886

Overflow        0

Integral   18.56
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Flux in Svt Layer 0 FEE Inner Zone vs Kinetic Energy
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Drift chamber FEE
•Integrated dose and particle fluxes on the third plate (# 2), summed over all the contributions
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Entries  3002652
Mean x   1.219
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RMS x   36.55
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Integral     7339
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Radiation Dose on Dch FEE Plate 2 vs x y
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Flux in Svt Layer 2 FEE Inner Zone vs Kinetic Energy h_DchFEEL02_Inner_Flux_Ekin_Elec

Entries  29036

Mean   4.839e+06
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Flux in Svt Layer 2 FEE Inner Zone vs Kinetic Energy


