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The VMM Shaper

The VMM “semi-Gaussian” shaper responds to an event with an analog pulse, the peak amplitude of
which is proportional to the event charge. The time needed to return to baseline after the peak, depends
on the the time constants and the configuration of poles. The VMM facilitates a 3rd order c-shaper with
the combination of one real and two conjugate poles. The transfer function T (s) for such shaper is given
by the following expression:
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where n is the order of the shaper, and ri, ci are the real and imaging parts. The roots are:

(s+ r2)
2

+ c22 = 0⇒ s+ r2 = ±jc2 ⇒ s = −r2 ± jc2

so the transfer function can be written with the simple fractions like :
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where one real pole, pole∅ = −p1 and the two complex poles, pole1 = −r2+jc2 and pole2 = −r2−jc2 = p∗1,
<pole1 = −r2, =pole1 = c2. The coefficients Ki are :

K1 =
1

(s+ r2 − jc2) (s+ r2 + jc2)

∣∣∣∣
s=−p1

=
1

(−p1 + r2 − jc2) (−p1 + r2 + jc2)
=

1

(r2 − p1)
2

+ c22
, ∈ <

K2 =
1

(s+ p1) (s+ r2 + jc2)

∣∣∣∣
s=−r2+jc2

=
1

(−r2 − jc2 + p1) (��−r2 + jc2 +��r2 + jc2)

=
1

2jc2 (p1 − r2 + jc2)
= |K2|ejφ, φ = ∠K2, ∈ C

K3 =
1

(s+ p1) (s+ r2 − jc2)

∣∣∣∣
s=−r2−jc2

=
1

(−r2 − jc2 + p1) (��−r2 + jc2 +��r2 − jc2)

=
1

−2jc2 (p1 − r2 − jc2)
= K∗2 , ∈ C

(2)

From Eq. (2) the Eq. (1) will be:
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The time-domain representations (apart from the amplitude factor) of the shapers in Eq. (3) can be

calculated as the inverse Laplace transform T (s)
L−1

←−→ f(t):
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If someone defines the normalized: H (f) = H (f) /τ which allows in our calculations, to take into account
the proportionality of H (f) to τ (so that the integral, a measure of the amplitude, is independent of τ).
Through the normalization, the VMM shaper constants are :
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and the final function can be written in a computational form:
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The Code implementation in ROOT

double vmmResponse ( vector<double> e lectronsTime ,
vector<double> e l ec t ronsGain , double &slope ,
double e l e c t r on i c s Thre sho ld , double &ampl itudeFirstPeak ){

TH1D ∗ re sponse = new TH1D( ” response ” , ”VMM response ” , 5000 , 0 , 500 ) ;

response−>Reset ( ) ;
double PeakingTime = 2 5 . ;
double thresh = 0 . 0 5 ;
double a = ( PeakingTime ∗ (10ˆ −9))/1 .5 ;
double po le0 = 1.263/ a ; // r e a l po l e
double Re pole1 = 1.149/ a ;
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double Im pole1 = −0.786/a ; // complex po l e
double K0 = 1 . 5 8 4 ;
double Re K1 = −0.792;
double Im K1 = −0.115;
double po l e1 square = Re pole1 ∗ Re pole1 + Im pole1 ∗ Im pole1 ;
double K1 abs = TMath : : Sqrt (Re K1∗Re K1 + Im K1∗Im K1 ) ;
double argK1 = TMath : : ATan2( Im K1 , Re K1 ) ;
i f ( debugElx )
cout<<”#Sta r t i ng VMM responce with s i z e o f e l e c t r o n s : ”<<e lect ronsTime . s i z e ( )
<<endl ;
double t , st , t imeStep ;
t imeStep =0.1 ;
for ( I n t t i =0; i<e lect ronsTime . s i z e ( ) ; i++) {
i f ( debugElx )
cout<<”#e l e c t r o n s with time : ”<<e lect ronsTime [ i ]<<” , and gain : ”
<<e l e c t ronsGa in [ i ]<<endl ;
for (double t i=e lectronsTime [ i ] ; t i <=500; t i=t i+timeStep ){

t = ( t i−e lect ronsTime [ i ] )∗ (10ˆ −9) ;
s t = e l e c t ronsGa in [ i ]∗ TMath : : Power ( a , 3 )∗ po le0 ∗ po l e1 square ∗
( (K0∗TMath : : Exp(−t ∗ po le0 ))+(2 .∗ K1 abs∗TMath : : Exp(−t ∗ Re pole1 )
∗ cos(−t ∗ Im pole1+argK1 ) ) ) ;

response−>F i l l ( t i , s t ) ;
}

}
double timeAboveThr = response−>GetXaxis()−>
GetBinCenter ( response−>FindFirstBinAbove ( e l e c t r o n i c s T h r e s h o l d ) ) ;

TF1 ∗ po lF i t = new TF1( ” po lF i t ” , ” pol1 ” , 0 , 5 0 0 ) ;
po lF i t−>SetLineColor (kRed ) ;
response−>Fit ( ” po lF i t ” , ”QR” , ”” , timeAboveThr , timeAboveThr +2 . ) ;
s l ope = polFit−>GetParameter ( 1 ) ;
i f ( debug )

cout<<” Threshold found : ”<< timeAboveThr <<endl ;

// peak f i n d e r
TSpectrum ∗ s = new TSpectrum ( 1 0 , 1 ) ; //Spectrum fo r the peaks d e t e c t i on
double tFromFirstPeak = 50000;
I n t t nfound = s−>Search ( response , 1 , ”nobackground , g o f f ” ) ;
F l o a t t ∗xpeaks = s−>GetPositionX ( ) ;
for ( int j = 0 ; j<nfound ; j++){

i f ( response−>GetBinContent ( response−>
FindBin ( xpeaks [ j ]))< e l e c t r o n i c s T h r e s h o l d ){

continue ;
}
i f ( tFromFirstPeak>xpeaks [ j ] )

tFromFirstPeak = xpeaks [ j ] ;
}
int binFromFirstPeak = response−>FindBin ( tFromFirstPeak ) ;
ampl i tudeFirstPeak = response−>GetBinContent ( binFromFirstPeak ) ;

i f ( debugElx ){
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TCanvas ∗ responseCanvas = new TCanvas ( ” responseCanvas ” ,
”Response” , 600 , 600 ) ;

responseCanvas−>cd ( ) ;
response−>Draw( ”C” ) ;
cout<<” P lo t t i ng histogram with f i r s t peak : ”<<tFromFirstPeak
<<” , s l ope : ”<<s l ope <<” , amplitude at f i r s t peak : ”<<
amplitudeFirstPeak<<” , Hit ente r ”<<endl ;
responseCanvas−>Update ( ) ;
getchar ( ) ;
d e l e t e responseCanvas ;

}
d e l e t e response , po lF i t ;
return timeAboveThr ;

}
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