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CCDB and geant4 digitization

CCDB  

  connection = “mysql://clas12reader@clasdb.jlab.org/clas12"; 

CCDB_CONNECTION  

  connection ——> $CCDB_CONNECTION 

User/Detector Defined:

- Load calibration constants from DB
- Identify Element hit 
- Share Hit Energy 
- Digitize Detector Response in Time Window 
- Produce Electronic Noise (new!)

useful for offline, sqlite



CCDB and geant4 digitization

CCDB  

  connection = “mysql://clas12reader@clasdb.jlab.org/clas12"; 

Database 

 database = "/calibration/ec/attenuation"; 

User/Detector Defined:

- Load calibration constants from DB
- Identify Element hit 
- Share Hit Energy 
- Digitize Detector Response in Time Window 
- Produce Electronic Noise (new!)



+------------------------------------------+
| Type table information                   |
+------------------------------------------+
 Name       :  attenuation
 Full path  :  /calibration/ec/attenuation
 Rows       :  2448
 Columns    :  6
 Created    :  2016-02-12 16-25-20
 Modified   :  2016-02-12 16-25-20
 DB Id      :  152
+------------------------------------------+
| Columns info                             |
+------------------------------------------+

Columns info 
 N.   (type)    : (name)
 0    int       : sector
 1    int       : layer
 2    int       : component
 3    double    : A
 4    double    : B
 5    double    : C

+------------------------------------------+
Comment: 
 FADC light attenuation A*exp(-x/B)+C. A+C 
normalized to 1. Fitted to data of MIP 
centroid vs. distance to PMT (x). Units of B 
are cm.

/> cat /calibration/ec/attenuation:11
+-----------------------------------------------------------------------------+
| sector     | layer      | component  | A          | B          | C          |
| int        | int        | int        | double     | double     | double     |
+-----------------------------------------------------------------------------+
| 1          | 1          | 1          | 1.00       | 376.00     | 0.00       |
| 1          | 1          | 2          | 1.00       | 376.00     | 0.00       |
| 2          | 2          | 17         | 0.72       | 185.87     | 0.28       |
| 2          | 2          | 18         | 0.65       | 157.73     | 0.35       |
| 2          | 2          | 19         | 0.89       | 273.97     | 0.11       |
| 2          | 2          | 20         | 0.81       | 224.21     | 0.19       |
| 2          | 2          | 21         | 0.75       | 221.24     | 0.25       |
| 2          | 2          | 22         | 0.81       | 239.23     | 0.19       |
| 2          | 2          | 23         | 0.77       | 215.05     | 0.23       |
| 2          | 2          | 24         | 0.74       | 199.60     | 0.26       |
| 2          | 2          | 25         | 0.78       | 211.42     | 0.22       |
| 2          | 2          | 26         | 0.74       | 206.19     | 0.26       |
| 2          | 2          | 27         | 0.76       | 204.92     | 0.24       |
| 2          | 2          | 28         | 0.74       | 202.02     | 0.26       |
| 2          | 2          | 29         | 0.76       | 197.63     | 0.24       |

 database = "/calibration/ec/attenuation"; 

EC (Cole Smith)
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GEMC	attenuation
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EC (Cole Smith)

PCAL	3M	muon events

• GEMC simulations	 generate	muon tracks.
• Same	PCAL/EC	 geometry	used	in	both	simulation	 and	reconstruction.
• Validate	ECMon attenuation	and	PMT	gain	extraction	algorithm.
• Estimate	time	and	statistics	needed	to	extract	5%	calibration	from	cosmic	runs.

Fit	Chi2

PMT	
Gains

Attenuation

Pixel	Fits

CCDB pars used by full chain:  RECO > MON



CLAS6: gpp parameters, a,b,c 

DC (M. Mestayer, K. Adhikari)

residual vs fitdoca σ of residual vs fitdoca

a,b,c = 1
to match dc 

response to data

σ of residual vs calcdoca data/gsim



DC (M. Mestayer, K. Adhikari)

+------------------------------------------+
| Type table information                   |
+------------------------------------------+
 Name       :  dc_resolution
 Full path  :  /calibration/dc/
signal_generation/dc_resolution
 Rows       :  36
 Columns    :  7
 Created    :  2016-03-31 14-31-34
 Modified   :  2016-03-31 14-31-34
 DB Id      :  203
+------------------------------------------+
| Columns info                             |
+------------------------------------------+

Columns info 
 N.   (type)    : (name)
 0    int       : Sector
 1    int       : Superlayer
 2    double    : parameter1
 3    double    : parameter2
 4    double    : parameter3
 5    double    : parameter4
 6    double    : scale

+------------------------------------------+

/>/calibration/dc/signal_generation> cat dc_resolution
+------------------------------------------------------------------------------------------+
| Sector     | Superlayer | parameter1 | parameter2 | parameter3 | parameter4 | scale      |
| int        | int        | double     | double     | double     | double     | double     |
+------------------------------------------------------------------------------------------+
| 1          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 1          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 1          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 1          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 1          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 1          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 2          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 3          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 4          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 5          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 1          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 2          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 3          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 4          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 5          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
| 6          | 6          | 0.16       | 0.005      | 0.1        | 0.8        | 1.0        |
+------------------------------------------------------------------------------------------+

 database = “/calibration/dc/signal_generation/dc_resolution”; 

Same parameters used by reconstruction (weight/error)



Comparison of DC-resolution with Cosmic & GEMC data

DC (M. Mestayer, K. Adhikari)

GEMC	dataCosmic	data
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DC (M. Mestayer, K. Adhikari)

Resolution	 in	millimiters	=
1.0(0.16	+	0.005/(0.1+x)^2	+	0.8*x^8)

X=doca/docaMax

Re
so
lu
tio

n	
in
	m
m

200	μm

+------------------------------------------+
| Type table information                   |
+------------------------------------------+
 Name       :  intrinsic_inefficiency
 Full path  :  /calibration/dc  
               /signal_generation
               /intrinsic_inefficiency
 Rows       :  6
 Columns    :  6
 Created    :  2016-03-31 14-31-09
 Modified   :  2016-03-31 14-31-09
 DB Id      :  202
+------------------------------------------+
| Columns info                             |
+------------------------------------------+

Columns info 
 N.   (type)    : (name)
 0    int       : Superlayer
 1    double    : parameter1
 2    double    : parameter2
 3    double    : parameter3
 4    double    : parameter4
 5    double    : scale

+------------------------------------------+

 database = “/calibration/dc/signal_generation/intrinsic_inefficiency”; 

/> cat /calibration/dc/signal_generation/intrinsic_inefficiency
+-----------------------------------------------------------------------------+
| Superlayer | parameter1 | parameter2 | parameter3 | parameter4 | scale      |
| int        | double     | double     | double     | double     | double     |
+-----------------------------------------------------------------------------+
| 1          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
| 2          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
| 3          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
| 4          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
| 5          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
| 6          | 1.25e-4    | 0.05       | 25.0e-4    | 0.15       | 0.0        |
+-----------------------------------------------------------------------------+



CTOF, FTOF (D. Carman, C. Smith, R. DeVita)
 database = “/calibration/ftof/attenuation”; 

ADC: 

• Attenuation according to exponential law 
• Conversion from energy to ADC based on MIP signal (dEdxMIP=2 MeV/

cm, countsForAMinimumIonizing=2000) 

TDC: 
• Delay due to light propagation in the paddle (effective velocity) 
• Parameterized  Time Walk 
• Gaussian time spread based on parameters that will be matched to 

data (σ2=σ02+σ12/√EPMT Conversion from time to TDC 
(time2tdc=20ns-1) 

Output: both “smeared” and “unsmeared” TDCs 

Status: 
0 - fully functioning 
1 - noADC 
2 - noTDC 
3 - noADC, noTDC (PMT is dead) 
5 - any other reconstruction problem

EC, PCAL, CTOF, FTOF, DC  connects to CCDB 
can use these digitization routines as template
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Sharing Geometry Parameters

GEMC 
C++ 
Perl

Mother 
Parameters

Calculated 
Parameters

COATJAVA 
Routines

A. Kim

Groovy ScriptGEMC API

modified to read 
groovy script output



Sharing Geometry Parameters
A. Kim

my %detector = init_det();

my $vname                = "ftof_p1b_s".$sector;

$detector{"name"}        = $vname;
$detector{"mother"}      = "fc";
$detector{"pos"}         = panel_1b_pos($sector);
$detector{"rotation"}    = panel_1b_rot($sector);
$detector{"type"}        = "Trd";
$detector{"dimensions"}  = panel_1b_dims();

$detector{"description"} = "Forward TOF - Panel 1b - Sector ".$sector;
$detector{"color"}       = "000000";
$detector{"material"}    = "G4_AIR";
$detector{"mfield"}      = "no";
$detector{"ncopy"}       = "1";
$detector{"visible"}     = 1;
$detector{"style"}       = 0;
print_det(\%main::configuration, \%detector);

Coming from Perl code,  
pars hardcoded

sub panel_1b_rot
{

my $sector = shift;

my $tilt  = fstr(-90 - $tilt_p1b);
my $zrot  = -($sector-1)*60 - 90;

return "ordered: zxy $zrot*deg $tilt*deg 0*deg ";
}



Sharing Geometry Parameters
A. Kim

my %detector = init_det();

my $vname                = "ftof_p1b_s".$sector;

$detector{"name"}        = $vname;
$detector{"mother"}      = $mothers->{$vname};
$detector{"pos"}         = $positions->{$vname};
$detector{"rotation"}    = $rotations->{$vname};
$detector{"type"}        = $types->{$vname};
$detector{"dimensions"}  = $dimensions->{$vname};

$detector{"description"} = "Forward TOF - Panel 1b - Sector ".$sector;
$detector{"color"}       = "000000";
$detector{"material"}    = "G4_AIR";
$detector{"mfield"}      = "no";
$detector{"ncopy"}       = "1";
$detector{"visible"}     = 1;
$detector{"style"}       = 0;
print_det(\%main::configuration, \%detector);

Coming from COATJAVA



Sharing Geometry Parameters

GEMC 
C++ 
Perl

Mother 
Parameters

Calculated 
Parameters

COATJAVA 
Routines

A. Kim

Groovy ScriptGEMC API

modified to read 
groovy script output

Work completed for FTOF, DC 
In progress for other forward detectors, BST



Other Code Updates
FIELD PROPERTIES
(option, gcard)

> FIELD_PROPERTIES: Mapped field minimum step, integration method, interpolation

Usage:
-FIELD_PROPERTIES="fieldname, minStep, integralAlgorithm, (interpolationMethod)"

Example: -FIELD_PROPERTIES="srr-solenoid, 1*mm, G4ClassicalRK4, linear"

Available Interpolation Methods:
- none: closest grid point.
- linear: linear interpolation (default)    < new!



Other Code Updates
FIELD PROPERTIES
(option, gcard)

> FIELD_PROPERTIES: Mapped field minimum step, integration method, interpolation

Usage:
-FIELD_PROPERTIES="fieldname, minStep, integralAlgorithm, (interpolationMethod)"

Example: -FIELD_PROPERTIES="srr-solenoid, 1*mm, G4ClassicalRK4, linear"

Available Integration Methods:

- G4CashKarpRKF45: Fifth Order Range Kutta, for very smooth fields.
- G4ClassicalRK4: Fourth Order Range Kutta. Robust for every field.
- G4SimpleHeum: Third order stepper.
- G4SimpleRunge: Simplified (second order) Range Kutta (faster).
- G4ImplicitEuler: Second order stepper, for faster varying fields.
- G4ExplicitEuler: First order stepper, for rough fields.
- G4HelixImplicitEuler: Second order, specialized for helix-like trajectories.
- G4HelixExplicitEuler: First order, specialized for helix-like trajectories.
- G4HelixSimpleRunge: Second order Range Kutta, specialized for helix-like trajectories.
- G4NystromRK4: provides accuracy near that of G4ClassicalRK4 with a significantly
  reduced cost in field evaluation.

G4HelixSimpleRunge is 35% faster than 
G4ClassicalRK4 for the solenoid 



Other Code Updates
Cosmic Rays (A. Filippi)

The zenith angle dependence is given by: I(theta) = 
I(0)*cos^n(theta) with theta = 3.5 +- 1.2 (from Heidbreder 
et al., J. Geophys. Pres. 76, 2905 (1971))

acos(b⇤✓)

p2

muons neutrons



Other Code Updates
New options

 ▪ added option “CHANGEVOLUMEMATERIALTO” to change a volume material:  
Usage: -CHANGEVOLUMEMATERIALTO="volume, new material"  
 

 ▪ added option “SWITCH_MATERIALTO” to change a material into another:  
Usage: -SWITCH_MATERIALTO="oldmaterial, newmaterial"

 

     Both CHANGEVOLUMEMATERIALTO and SWITCH_MATERIALTO can be repeated. 

 ▪ Option REMOVESENSITIVITY to remove a volume sensitivity:  
Usage: -REMOVESENSITIVITY="volumename1, volumename2, ..."



Other Code Updates
Electronic Noise

New pure virtual function vector<MHit*> electronicNoise() to 
generate electronic noise / hot channels 

User implementation: 

MHit* thisNoiseHit = new MHit(E, T, IDF, pid);

The electronic noise hits are then added to the normal geant4 hits. Each process 
routine will have them available in the output.

energy   time    identifier   pid



Other Code Updates
Process Catalogue

example from beam on target background

procID is in the true info output bank

M
H

z
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