
Kstop selection : 0.92 < kstop ID function <1.1
See Okada-san’s report on Oct 6, 2006

Fiducial volume cuts : r<110 mm AND -65 mm < z < 85 mm

Calibration : iterative (with pileup and low-energy tail)
See Tatsuno’s report on March 11, 2007

Compton tail correction

March 25, 2007   Hideyuki Tatsuno



First,  let’s fit the calibrated histogram 
without asymmetric functions

1. Pure Voigt profile fitting
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Kstop 1st (no Compton, LEtail, pileup)
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Prob     0.0007094294

BGa       4.153063±       4.758752 

BGb       0.001208227±    0.002352442 

BGc       7.829292e-08±  -1.672246e-07 

TiKa1 area  456.505±       3436.642 

NiKa1 area  419.104±       2332.711 

Ti Kb/Ka1 ratio  0.1485967±      0.3085376 

Ni Kb/Ka1 ratio  0.2224993±      0.2482335 

KHeXLa area  1781.63±       35532.27 

LaLb ratio  0.035031±       0.425185 

LaLg ratio  0.0277573±      0.2498684 

LaLd ratio  0.01783036±     0.03249588 

Gamma [eV]  11.06188±       43.47799 

Shift [eV]  3.933493±      -9.177113 

Kstop 1st (no Compton, LEtail, pileup)

1st cycle no Compton tail, 
low-energy tail and pileup fit

Kstop selection and fiducial 
volume cuts were applied



 FCN=912.02 FROM MINOS     STATUS=SUCCESSFUL   3203 CALLS        3572 TOTAL
                     EDM=1.45396e-08    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          4.75875e+00   4.05884e+00  -4.12101e+00   4.18512e+00
   2  BGb          2.35244e-03   1.17984e-03  -1.21321e-03   1.20325e-03
   3  BGc         -1.67225e-07   7.64689e-08  -7.80257e-08   7.85601e-08
   4  Noise [eV]   5.62000e+01     fixed    
   5  Fano         1.45000e-01     fixed    
   6  TiKa1 area   3.43664e+03   4.56258e+02  -4.45690e+02   4.67319e+02
   7  NiKa1 area   2.33271e+03   4.18232e+02  -4.08697e+02   4.29511e+02
   8  Ti Kb/Ka1 ratio   3.08538e-01   1.44910e-01  -1.39856e-01   1.57337e-01
   9  Ni Kb/Ka1 ratio   2.48234e-01   2.09530e-01  -2.12250e-01   2.32749e-01
  10  KHeXLa area   3.55323e+04   1.77716e+03  -1.75647e+03   1.80679e+03
  11  LaLb ratio   4.25185e-01   3.49669e-02  -3.40019e-02   3.60601e-02
  12  LaLg ratio   2.49868e-01   2.77139e-02  -2.69258e-02   2.85888e-02
  13  LaLd ratio   3.24959e-02   1.77813e-02  -1.72556e-02   1.84052e-02
  14  Gamma [eV]   4.34780e+01   1.10200e+01  -1.08114e+01   1.13123e+01
  15  Shift [eV]  -9.17711e+00   3.92919e+00  -3.93871e+00   3.92828e+00

Const Noise  = 56.200 +-  0.000
KHeXLa Sigma = 82.002 +-  0.013
Fano         =  0.145 +-  0.000
lalb_ratio   =  0.425 +-  0.035
lalg_ratio   =  0.250 +-  0.028
Gamma        = 43.478 +- 11.062
Shift        = -9.177 +-  3.933
Chisq/NDF    = 205.512/145

shift = −9.2±3.9 eV
width = 43.5±11.1 eV

1st cycle no Compton tail, 
low-energy tail and pileup fit

consistent with Okada-san’s results
see report on Oct 6, 2006



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   0.00000e+00     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   0.00000e+00     fixed    
  30  Tail Lb area factor   0.00000e+00     fixed    
  31  Tail Lg area factor   0.00000e+00     fixed    
  32  Tail Ld area factor   0.00000e+00     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   0.00000e+00     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   0.00000e+00     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   0.00000e+00     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   0.00000e+00     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

Compton tail intensities were 
fixed at zero.

1st cycle no Compton tail, 
low-energy tail and pileup fit

Low-energy tail intensities 
were fixed at zero.

Pileup intensities were 
fixed at zero.
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2nd cycle no Compton tail, 
low-energy tail and pileup fit

Kstop selection and fiducial 
volume cuts were applied
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Prob       0.06356099

BGa       4.2626858±     -0.2500886 

BGb       0.00124962±     0.00411855 

BGc       8.132022e-08±  -2.761395e-07 

TiKa1 area  492.22±        4429.02 

NiKa1 area  409.105±       1648.568 

Ti Kb/Ka1 ratio  0.1127096±      0.1655568 
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Shift [eV]  2.874732±      -4.836565 

Kstop 2nd (no Compton, LEtail, pileup)



 FCN=913.203 FROM MINOS     STATUS=PROBLEMS     3154 CALLS        3519 TOTAL
                     EDM=4.92204e-08    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa         -2.50089e-01   4.12991e+00  -4.22951e+00   4.29586e+00
   2  BGb          4.11855e-03   1.20990e-03  -1.25497e-03   1.24428e-03
   3  BGc         -2.76140e-07   7.87813e-08  -8.10286e-08   8.16118e-08
   4  Noise [eV]   5.45000e+01     fixed    
   5  Fano         1.28000e-01     fixed    
   6  TiKa1 area   4.42902e+03   4.91936e+02  -4.81291e+02   5.03144e+02
   7  NiKa1 area   1.64857e+03   4.11902e+02  -3.94421e+02   4.23789e+02
   8  Ti Kb/Ka1 ratio   1.65557e-01   1.10344e-01  -1.07612e-01   1.17808e-01
   9  Ni Kb/Ka1 ratio   8.69828e-01   7.63017e-01  -3.46942e-01   at limit   
  10  KHeXLa area   4.94856e+04   1.98679e+03  -1.96902e+03   2.01605e+03
  11  LaLb ratio   4.16659e-01   2.82036e-02  -2.75377e-02   2.89456e-02
  12  LaLg ratio   2.30524e-01   2.12909e-02  -2.07553e-02   2.18729e-02
  13  LaLd ratio   5.03600e-02   1.39020e-02  -1.34973e-02   1.43452e-02
  14  Gamma [eV]   2.82700e+01   7.93725e+00  -7.82101e+00   8.13918e+00
  15  Shift [eV]  -4.83656e+00   2.87260e+00  -2.87552e+00   2.87394e+00

Const Noise  = 54.500 +-  0.000
KHeXLa Sigma = 78.232 +-  0.009
Fano         =  0.128 +-  0.000
lalb_ratio   =  0.417 +-  0.028
lalg_ratio   =  0.231 +-  0.021
Gamma        = 28.270 +-  7.980
Shift        = -4.837 +-  2.875
Chisq/NDF    = 171.817/145

shift = −4.8±2.9 eV
width = 28.3±8.0 eV

2nd cycle no Compton tail, 
low-energy tail and pileup fit

consistent with Okada-san’s results
see report on Oct 6, 2006



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   0.00000e+00     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   0.00000e+00     fixed    
  30  Tail Lb area factor   0.00000e+00     fixed    
  31  Tail Lg area factor   0.00000e+00     fixed    
  32  Tail Ld area factor   0.00000e+00     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   0.00000e+00     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   0.00000e+00     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   0.00000e+00     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   0.00000e+00     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

2nd cycle no Compton tail, 
low-energy tail and pileup fit

Compton tail intensities were 
fixed at zero.

Low-energy tail intensities 
were fixed at zero.

Pileup intensities were 
fixed at zero.



→  We got a non-zero shift and a large width.

However we must consider
 “Compton tail,” low-energy tail and pileup.

shift = −9.2±3.9 eV

width = 43.5±11.1 eV

shift = −4.8±2.9 eV

width = 28.3±8.0 eV

1st cycle 2nd cycle

Compton tail  :  GEANT simulation

These tails are added with fixing their parameters.

Low-energy tail  :  Self-trigger (TiKα and NiKα)
Pileup : Self trigger and Flash ADC
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K alpha, K beta tails and Cu 
contamination were added

(and Ni Ka escape and Fe ?)

Cupper Ka

Ni tail is twice larger  !

Ti Kα Ni Kα

PROBLEM

Intensity of the low-energy tail 
depends on the energy.



How estimate the intensity 
of the KHeX tail ?

Linear approximation 
(by Ishiwatari-san)
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fixed yields of contaminated Fe & Cr

Chisqure/NDF =  825.116 /  474 = 1.741

From Okada-san’s report on Jan 9, 2007

Now I used the linear approximation for KHeX tails.

TiKa

NiKa



2. Voigt + asymmetric functions fitting

Compton tail  :  GEANT simulation
Low-energy tail  :  Self-trigger (TiKα and NiKα)

Pileup : Self trigger and Flash ADC

Compton tail fit

 FCN=72.3163 FROM MINOS     STATUS=SUCCESSFUL    144 CALLS         231 TOTAL

                     EDM=8.5463e-16    STRATEGY= 1      ERROR MATRIX ACCURATE 

  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        

  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   

   1  G mean [eV]   6.41354e+03   1.93418e+00  -1.95222e+00   1.91645e+00

   2  G sigma [eV]   8.79822e+01   1.14824e+00  -1.14720e+00   1.14867e+00

   3  Area         1.32900e+05   1.15322e+03  -1.15322e+03   1.15322e+03

   4  Slope        8.75844e-01   3.11523e-02  -3.11170e-02   3.11887e-02

Area should be divided by bin-width

Spectrum fitting procedure using a robust peak model 435

A number of lines, logically belonging together, can be
grouped in a multiplet, or peak group, e.g. K˛1, K˛2 or all
the K lines of an element. To describe a (part of a) spectrum,
a number of such peak groups, e.g. for fitting the K-peaks,
the K˛ and Kˇ peak group of each element is required.
The contribution of all those peaks to the observed signal at
channel i can then be written as

y!i, Ejk" D
n∑

jD1

Aj

np!j"∑

kD1

RjkG!i, Ejk" !2"

were Aj is the area of the peak group j and Rjk the relative
intensity of line k in peak group j. The first summation runs
over all n peak groups and the second over all np(j) lines in
peak group j.

Equation (1) implies, that not the position and width
of each peak are fitted individually, but rather that the
energy calibration and resolution calibration parameters are
optimised during the fit, so that each x-ray line fits the right
position in the spectrum with the appropriate width. The
energy calibration relates the energy to the channel number
by the simple linear relation

Ei D Zero C Gain ð i !3"

where Zero is the energy of the first channel in the spectrum.
The width of the peak #jk includes the electronic noise
contribution and the intrinsic detector resolution due to
electron–hole pair production:

#jk D

√(
Noise

2.
p

2. ln 2

)2

C εFanoEjk !4"

where Noise is the electronic noise contribution expressed as
full width at half-maximum (FWHM) in keV, Fano represents
the Fano factor (¾0.1 in Ge) and ε is the average energy to
create a charge carrier pair in the detector (3.6 eV in Ge).
When fitting a spectrum, the four calibration parameters
Zero, Gain, Noise and Fano are optimized. Thus, when fitting
N peak groups using Eqn (2), a total number of N C 4
parameters are required: one for each area and four for the
calibration parameters. A detailed description of the fitting
procedure including aspects about the continuum model
and the Marquardt algorithm used for the non-linear fitting
procedure can be found in the literature.1,2,5,12 By using
a Gaussian function, the implementation of a peak model
in a fit procedure is already facilitated. However, a more
correct approach would take into account the Lorentzian
nature of x-rays. A Lorentz distribution convoluted by
a Gaussian detector response results in a Voigtian peak
shape. Campbell and Wang have pointed out that the
major part of the low-energy tailing can be ascribed to the
Lorentzian component of the actual lineshape and may have
a significant influence on the determination of low-energy
tailing contributions.17

Shelf and tail functions
According to work performed by many authors,3,4,6,14,15 a
more accurate description of the peak shape can be obtained
if for each a shelf (or shelf) and a tail function are included.

A model that would describe then the N groups of peaks can
be written as:

y!i" D
npg∑

jD1

Aj

np!j"∑

kD1

Rjk[G!i, Ejk" C fSS!i, Ejk" C fTT!i, Ejk"] !5"

where S!i, Ejk" and T!i, Ejk" are the normalized shelf and
the tail distribution, respectively. The contributions of the
shelf and the tail with respect to the main Gaussian peak
are given by the shelf fraction fS and the tail fraction fT,
respectively.

The shelf is the result of the convolution of a shelf
function at the peak centroid convoluted with a Gaussian
and can therefore be expressed as

S!i, Ejk" D Gain
2Ejk

erfc

(
Ei # Ejkp

2#jk

)
!6"

The tail distribution is the convolution of an exponential
function with a Gaussian and given by

T!i, Ejk" D Gain
2ˇ#jk

e
Ei#Ejk

ˇ#jk
C 1

2ˇ2 erfc

(
Ei # Ejkp

2#jk
C 1p

2ˇ

)
!7"

with ˇ is the width or slope parameter of the tail function. The
complementary error function, appearing in both equations,
comes from the convolution with the Gaussian and results
in rounded-off edges at the centroid of the peak.

The introduction of the shelf function adds one extra
parameter, the shelf fraction fS, whereas the tail function
requires two parameters: the tail fraction fT and the tail
width ˇ. Since three extra parameters per group of peaks
are introduced, the fitting of N groups of peaks would
require a total of 4N C 4 parameters. Optimizing each of
those parameters in a non-linear least-squares procedure
would be very difficult. For example, fitting the K˛ and
Kˇ peaks of Cr, Fe, Ni in a stainless-steel spectrum would
require a total of 28 parameters, exclusive of any parameters
to describe the continuum. Since the shelf and tail parameters
account for small effects at the base of often large and
strongly overlapping peaks, the chance that they would
converge to a false minimum with physically meaningless
parameter values is high. It is known, however, that the shelf
and tail parameters are dependent on the energy. By using
simple functions describing the relationship between those
parameters and the energy, the number of fitting parameters
can be reduced significantly.

Parameterization of the shelf and tail parameters
Many of the parameterizations proposed in the literature use
similar functions to describe the parameters as a function
of the energy. An exponential function is often used to
model the shelf parameters, while polynomials are mostly
used in the case of the tail parameters. Some of them
are given below. The shelf fraction, tail fraction and tail
width parameterizations are denoted by SF, TF and TW,
respectively.

According to Gardner and Dostner,16 the shelf and tail
parameters deduced for an Si(Li) detector can be modelled
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1. Fit function 

2. Parameters

II. Fitting

Function :

Function : pure Gaussian
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Prob      0.002502549

BGa       3.979377±       6.817288 

BGb       0.001132022±    0.001688592 

BGc       7.300346e-08±  -1.247449e-07 

TiKa1 area  444.274±       3414.735 

NiKa1 area  404.319±       2423.651 

Ti Kb/Ka1 ratio  0.1428281±      0.2716733 

Ni Kb/Ka1 ratio  0.1903943±      0.1568495 

KHeXLa area  1160.2±        26730.3 

LaLb ratio  0.0343546±      0.4248106 

LaLg ratio  0.027114±       0.250388 

LaLd ratio  0.01786657±     0.03582151 

Gamma [eV]  2.918669e+01±   5.551115e-12 

Shift [eV]  3.8879631±      0.5861309 
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Prob      0.002502549

BGa       3.979377±       6.817288 

BGb       0.001132022±    0.001688592 

BGc       7.300346e-08±  -1.247449e-07 

TiKa1 area  444.274±       3414.735 

NiKa1 area  404.319±       2423.651 

Ti Kb/Ka1 ratio  0.1428281±      0.2716733 

Ni Kb/Ka1 ratio  0.1903943±      0.1568495 

KHeXLa area  1160.2±        26730.3 

LaLb ratio  0.0343546±      0.4248106 

LaLg ratio  0.027114±       0.250388 

LaLd ratio  0.01786657±     0.03582151 

Gamma [eV]  2.918669e+01±   5.551115e-12 

Shift [eV]  3.8879631±      0.5861309 

Kstop 1st

Kstop selection and fiducial 
volume cuts were applied
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Prob      0.002502549

BGa       3.979377±       6.817288 

BGb       0.001132022±    0.001688592 

BGc       7.300346e-08±  -1.247449e-07 

TiKa1 area  444.274±       3414.735 

NiKa1 area  404.319±       2423.651 

Ti Kb/Ka1 ratio  0.1428281±      0.2716733 

Ni Kb/Ka1 ratio  0.1903943±      0.1568495 

KHeXLa area  1160.2±        26730.3 

LaLb ratio  0.0343546±      0.4248106 

LaLg ratio  0.027114±       0.250388 

LaLd ratio  0.01786657±     0.03582151 

Gamma [eV]  2.918669e+01±   5.551115e-12 

Shift [eV]  3.8879631±      0.5861309 

Kstop 1st
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1st cycle 
(with Compton tail, low-energy 

tail and pileup)

Low-energy tail PileupCompton tail



 FCN=907.667 FROM MINOS     STATUS=SUCCESSFUL   4257 CALLS        4693 TOTAL
                     EDM=1.75338e-07    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          6.81729e+00   3.85756e+00  -3.92933e+00   4.02943e+00
   2  BGb          1.68859e-03   1.09295e-03  -1.14558e-03   1.11846e-03
   3  BGc         -1.24745e-07   7.05300e-08  -7.21897e-08   7.38172e-08
   4  Noise [eV]   5.62000e+01     fixed    
   5  Fano         1.45000e-01     fixed    
   6  TiKa1 area   3.41474e+03   4.43844e+02  -4.34095e+02   4.54452e+02
   7  NiKa1 area   2.42365e+03   4.03462e+02  -3.94363e+02   4.14275e+02
   8  Ti Kb/Ka1 ratio   2.71673e-01   1.39328e-01  -1.34461e-01   1.51195e-01
   9  Ni Kb/Ka1 ratio   1.56849e-01   1.90394e-01   at limit      2.10464e-01
  10  KHeXLa area   2.67303e+04   1.13805e+03  -1.12600e+03   1.19444e+03
  11  LaLb ratio   4.24811e-01   3.42949e-02  -3.33344e-02   3.53748e-02
  12  LaLg ratio   2.50388e-01   2.70721e-02  -2.63023e-02   2.79250e-02
  13  LaLd ratio   3.58215e-02   1.78201e-02  -1.73048e-02   1.84283e-02
  14  Gamma [eV]   5.55112e-12   2.91867e+01   at limit      8.81920e+00
                                 WARNING -   - ABOVE PARAMETER IS AT LIMIT.
  15  Shift [eV]   5.86131e-01   3.88371e+00  -3.88837e+00   3.88756e+00

Const Noise  = 56.200 +-  0.000
KHeXLa Sigma = 82.035 +-  0.013
Fano         =  0.145 +-  0.000
lalb_ratio   =  0.425 +-  0.034
lalg_ratio   =  0.250 +-  0.027
Gamma        =  0.000 +- 29.187
Shift        =  0.586 +-  3.888
Chisq/NDF    = 197.390/145

shift = 0.6±3.9 eV
width = 0+8.8 eV

1st cycle 
(with Compton tail, low-energy tail and pileup)



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   1.07228e-01     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   8.02085e-02     fixed    
  30  Tail Lb area factor   1.07529e-01     fixed    
  31  Tail Lg area factor   1.20167e-01     fixed    
  32  Tail Ld area factor   1.26976e-01     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   1.38406e-01     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   1.74475e-01     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   1.86872e-01     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   1.91088e-01     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

1st cycle 
(with Compton tail, low-energy 

tail and pileup)
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Prob       0.06993439

BGa       4.040034±       3.262576 

BGb       0.001152055±    0.002997383 

BGc       7.46013e-08±   -2.04802e-07 

TiKa1 area  483.789±       4395.177 

NiKa1 area  402.133±       1827.209 

Ti Kb/Ka1 ratio  0.1105151±      0.1562922 

Ni Kb/Ka1 ratio  0.3225393±      0.5966716 

KHeXLa area  1378.84±       39646.51 

LaLb ratio  0.0273975±      0.4129559 

LaLg ratio  0.020681±       0.228726 

LaLd ratio  0.01382435±     0.05353098 

Gamma [eV]  2.954674e+00±   8.172351e-08 

Shift [eV]  2.899601±       5.173681 
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Prob       0.06993439

BGa       4.040034±       3.262576 

BGb       0.001152055±    0.002997383 

BGc       7.46013e-08±   -2.04802e-07 

TiKa1 area  483.789±       4395.177 

NiKa1 area  402.133±       1827.209 

Ti Kb/Ka1 ratio  0.1105151±      0.1562922 

Ni Kb/Ka1 ratio  0.3225393±      0.5966716 

KHeXLa area  1378.84±       39646.51 

LaLb ratio  0.0273975±      0.4129559 

LaLg ratio  0.020681±       0.228726 

LaLd ratio  0.01382435±     0.05353098 

Gamma [eV]  2.954674e+00±   8.172351e-08 

Shift [eV]  2.899601±       5.173681 

Kstop 2nd

2nd cycle 
(with Compton tail, low-energy 

tail and pileup)

Kstop selection and fiducial 
volume cuts were applied

Low-energy tail Pileup
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Prob       0.06993439
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BGb       0.001152055±    0.002997383 

BGc       7.46013e-08±   -2.04802e-07 

TiKa1 area  483.789±       4395.177 

NiKa1 area  402.133±       1827.209 

Ti Kb/Ka1 ratio  0.1105151±      0.1562922 

Ni Kb/Ka1 ratio  0.3225393±      0.5966716 

KHeXLa area  1378.84±       39646.51 

LaLb ratio  0.0273975±      0.4129559 

LaLg ratio  0.020681±       0.228726 

LaLd ratio  0.01382435±     0.05353098 

Gamma [eV]  2.954674e+00±   8.172351e-08 
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 FCN=913.866 FROM MINOS     STATUS=SUCCESSFUL   3505 CALLS        3975 TOTAL
                     EDM=3.19626e-07    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          3.26258e+00   2.92961e+00  -4.00300e+00   4.07707e+00
   2  BGb          2.99738e-03   8.21802e-04  -1.15791e-03   1.14620e-03
   3  BGc         -2.04802e-07   5.34900e-08  -7.42825e-08   7.49202e-08
   4  Noise [eV]   5.45000e+01     fixed    
   5  Fano         1.28000e-01     fixed    
   6  TiKa1 area   4.39518e+03   4.81796e+02  -4.73223e+02   4.94356e+02
   7  NiKa1 area   1.82721e+03   3.95105e+02  -3.91702e+02   4.12564e+02
   8  Ti Kb/Ka1 ratio   1.56292e-01   1.08172e-01  -1.05380e-01   1.15650e-01
   9  Ni Kb/Ka1 ratio   5.96672e-01   2.93128e-01  -2.92312e-01   3.52766e-01
  10  KHeXLa area   3.96465e+04   1.37354e+03  -1.36496e+03   1.39272e+03
  11  LaLb ratio   4.12956e-01   2.73285e-02  -2.67221e-02   2.80728e-02
  12  LaLg ratio   2.28726e-01   2.06434e-02  -2.01516e-02   2.12100e-02
  13  LaLd ratio   5.35310e-02   1.38046e-02  -1.34199e-02   1.42289e-02
  14  Gamma [eV]   8.17235e-08   2.95467e+00   at limit      2.63570e+00
                                 WARNING -   - ABOVE PARAMETER IS AT LIMIT.
  15  Shift [eV]   5.17368e+00   2.89787e+00  -2.89832e+00   2.90088e+00

Const Noise  = 54.500 +-  0.000
KHeXLa Sigma = 78.263 +-  0.009
Fano         =  0.128 +-  0.000
lalb_ratio   =  0.413 +-  0.027
lalg_ratio   =  0.229 +-  0.021
Gamma        =  0.000 +-  2.955
Shift        =  5.174 +-  2.900
Chisq/NDF    = 170.880/145

shift = 5.2±2.9 eV
width = 0+2.6 eV

2nd cycle 
(with Compton tail, low-energy tail and pileup)



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   6.29851e-02     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   3.41463e-02     fixed    
  24  Tail NiKa area factor   8.01144e-02     fixed    
  25  Tail slope Ka   2.18047e+00     fixed    
  26  Tail TiKb area factor   3.40000e-02     fixed    
  27  Tail NiKb area factor   8.00000e-02     fixed    
  28  Tail slope Kb   2.50000e+00     fixed    
  29  Tail La area factor   6.44037e-02     fixed    
  30  Tail Lb area factor   9.93990e-02     fixed    
  31  Tail Lg area factor   1.15588e-01     fixed    
  32  Tail Ld area factor   1.24309e-01     fixed    
  33  Tail slope L   2.18047e+00     fixed    
  34  Comp La shift   5.23100e+01     fixed    
  35  Comp La sigma   8.60284e+01     fixed    
  36  Comp La area   1.37001e-01     fixed    
  37  Comp La slope   8.83081e-01     fixed    
  38  Comp Lb shift   8.31000e+01     fixed    
  39  Comp Lb sigma   1.07792e+02     fixed    
  40  Comp Lb area   1.74774e-01     fixed    
  41  Comp Lb slope   1.20151e+00     fixed    
  42  Comp Lg shift   1.05740e+02     fixed    
  43  Comp Lg sigma   1.20631e+02     fixed    
  44  Comp Lg area   1.86762e-01     fixed    
  45  Comp Lg slope   1.29132e+00     fixed    
  46  Comp Ld shift   1.07100e+02     fixed    
  47  Comp Ld sigma   1.25054e+02     fixed    
  48  Comp Ld area   1.90864e-01     fixed    
  49  Comp Ld slope   1.47932e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

2nd cycle 
(with Compton tail, low-energy 

tail and pileup)



→  The shift was corrected ~+10 eV

shift = 0.6±3.9 eV
width = 0+8.8 eV

shift = 5.2±2.9 eV

width = 0+2.6 eV

1st cycle 2nd cycle

→  Zero-width was gotten !

Next : no low-energy tail fit

If we ignore the low-energy tail ....

Compare the tails ON/OFF fitting



No low-energy tail fitting
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Prob      0.001457862
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NiKa1 area  408.321±       2386.036 

Ti Kb/Ka1 ratio  0.1432998±      0.2655558 

Ni Kb/Ka1 ratio  0.1956609±      0.1902005 
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LaLg ratio  0.0279767±      0.2558838 

LaLd ratio  0.01843710±     0.03570308 

Gamma [eV]  10.106319±       5.419294 

Shift [eV]  3.891532±      -3.762688 
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Prob      0.001457862

BGa       4.15827±        6.34324 

BGb       0.00119786±     0.00185503 

BGc       7.726152e-08±  -1.360211e-07 

TiKa1 area  444.239±       3402.596 

NiKa1 area  408.321±       2386.036 

Ti Kb/Ka1 ratio  0.1432998±      0.2655558 

Ni Kb/Ka1 ratio  0.1956609±      0.1902005 

KHeXLa area  1339.83±       28275.31 

LaLb ratio  0.034954±       0.429468 

LaLg ratio  0.0279767±      0.2558838 

LaLd ratio  0.01843710±     0.03570308 

Gamma [eV]  10.106319±       5.419294 

Shift [eV]  3.891532±      -3.762688 

Kstop 1st (no low-energy tail)
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Prob      0.001457862

BGa       4.15827±        6.34324 

BGb       0.00119786±     0.00185503 

BGc       7.726152e-08±  -1.360211e-07 

TiKa1 area  444.239±       3402.596 

NiKa1 area  408.321±       2386.036 

Ti Kb/Ka1 ratio  0.1432998±      0.2655558 

Ni Kb/Ka1 ratio  0.1956609±      0.1902005 

KHeXLa area  1339.83±       28275.31 

LaLb ratio  0.034954±       0.429468 

LaLg ratio  0.0279767±      0.2558838 
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Gamma [eV]  10.106319±       5.419294 
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Prob      0.001457862

BGa       4.15827±        6.34324 

BGb       0.00119786±     0.00185503 

BGc       7.726152e-08±  -1.360211e-07 

TiKa1 area  444.239±       3402.596 

NiKa1 area  408.321±       2386.036 

Ti Kb/Ka1 ratio  0.1432998±      0.2655558 

Ni Kb/Ka1 ratio  0.1956609±      0.1902005 

KHeXLa area  1339.83±       28275.31 

LaLb ratio  0.034954±       0.429468 

LaLg ratio  0.0279767±      0.2558838 

LaLd ratio  0.01843710±     0.03570308 

Gamma [eV]  10.106319±       5.419294 

Shift [eV]  3.891532±      -3.762688 

Kstop 1st (no low-energy tail)

1st cycle no low-energy tail fit
(with Compton tail and pileup)

Kstop selection and fiducial 
volume cuts were applied

Compton tail Pileup



 FCN=909.686 FROM MINOS     STATUS=SUCCESSFUL   3328 CALLS        3692 TOTAL
                     EDM=4.05923e-08    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          6.34324e+00   4.02909e+00  -4.12376e+00   4.19279e+00
   2  BGb          1.85503e-03   1.15998e-03  -1.20303e-03   1.19268e-03
   3  BGc         -1.36021e-07   7.48697e-08  -7.69987e-08   7.75243e-08
   4  Noise [eV]   5.62000e+01     fixed    
   5  Fano         1.45000e-01     fixed    
   6  TiKa1 area   3.40260e+03   4.43845e+02  -4.34045e+02   4.54432e+02
   7  NiKa1 area   2.38604e+03   4.07108e+02  -3.98378e+02   4.18263e+02
   8  Ti Kb/Ka1 ratio   2.65556e-01   1.39731e-01  -1.35036e-01   1.51563e-01
   9  Ni Kb/Ka1 ratio   1.90200e-01   1.95661e-01   at limit      2.15779e-01
  10  KHeXLa area   2.82753e+04   1.33666e+03  -1.32288e+03   1.35679e+03
  11  LaLb ratio   4.29468e-01   3.48873e-02  -3.39310e-02   3.59763e-02
  12  LaLg ratio   2.55884e-01   2.79288e-02  -2.71555e-02   2.87978e-02
  13  LaLd ratio   3.57031e-02   1.83873e-02  -1.78430e-02   1.90312e-02
  14  Gamma [eV]   5.41929e+00   1.01063e+01   at limit      1.04059e+01
  15  Shift [eV]  -3.76269e+00   3.88651e+00  -3.89374e+00   3.88932e+00

Const Noise  = 56.200 +-  0.000
KHeXLa Sigma = 82.021 +-  0.013
Fano         =  0.145 +-  0.000
lalb_ratio   =  0.429 +-  0.035
lalg_ratio   =  0.256 +-  0.028
Gamma        =  5.419 +- 10.106
Shift        = -3.763 +-  3.892
Chisq/NDF    = 200.954/145

1st cycle no low-energy tail fit
(with Compton tail and pileup)

shift = -3.8±3.9 eV
width = 5+10-? eV



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   1.07228e-01     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   0.00000e+00     fixed    
  30  Tail Lb area factor   0.00000e+00     fixed    
  31  Tail Lg area factor   0.00000e+00     fixed    
  32  Tail Ld area factor   0.00000e+00     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   1.38406e-01     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   1.74475e-01     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   1.86872e-01     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   1.91088e-01     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

1st cycle no low-energy tail fit
(with Compton tail and pileup)

Low-energy tail intensities 
were fixed at zero.
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Prob       0.08729411

BGa       4.038624±       1.813692 

BGb       0.001151865±    0.003489862 

BGc       7.461244e-08±  -2.373159e-07 

TiKa1 area  483.388±       4372.141 

NiKa1 area  400.257±       1740.275 
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KHeXLa area  1436.81±       41123.23 

LaLb ratio  0.0280906±      0.4197145 

LaLg ratio  0.0214089±      0.2345219 

LaLd ratio  0.01422095±     0.05370016 
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Prob       0.08729411

BGa       4.038624±       1.813692 

BGb       0.001151865±    0.003489862 

BGc       7.461244e-08±  -2.373159e-07 

TiKa1 area  483.388±       4372.141 

NiKa1 area  400.257±       1740.275 

Ti Kb/Ka1 ratio  0.1106864±      0.1450061 

Ni Kb/Ka1 ratio  0.3089998±      0.6719912 

KHeXLa area  1436.81±       41123.23 

LaLb ratio  0.0280906±      0.4197145 

LaLg ratio  0.0214089±      0.2345219 

LaLd ratio  0.01422095±     0.05370016 

Gamma [eV]  7.080328e+00±   3.156364e-08 

Shift [eV]  2.863616±       1.815863 

Kstop 2nd (no low-energy tail)
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Prob       0.08729411

BGa       4.038624±       1.813692 

BGb       0.001151865±    0.003489862 

BGc       7.461244e-08±  -2.373159e-07 

TiKa1 area  483.388±       4372.141 

NiKa1 area  400.257±       1740.275 

Ti Kb/Ka1 ratio  0.1106864±      0.1450061 

Ni Kb/Ka1 ratio  0.3089998±      0.6719912 

KHeXLa area  1436.81±       41123.23 

LaLb ratio  0.0280906±      0.4197145 

LaLg ratio  0.0214089±      0.2345219 

LaLd ratio  0.01422095±     0.05370016 

Gamma [eV]  7.080328e+00±   3.156364e-08 

Shift [eV]  2.863616±       1.815863 
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Prob       0.08729411

BGa       4.038624±       1.813692 

BGb       0.001151865±    0.003489862 

BGc       7.461244e-08±  -2.373159e-07 

TiKa1 area  483.388±       4372.141 

NiKa1 area  400.257±       1740.275 

Ti Kb/Ka1 ratio  0.1106864±      0.1450061 

Ni Kb/Ka1 ratio  0.3089998±      0.6719912 

KHeXLa area  1436.81±       41123.23 

LaLb ratio  0.0280906±      0.4197145 

LaLg ratio  0.0214089±      0.2345219 

LaLd ratio  0.01422095±     0.05370016 

Gamma [eV]  7.080328e+00±   3.156364e-08 

Shift [eV]  2.863616±       1.815863 

Kstop 2nd (no low-energy tail)

2nd cycle no low-energy tail fit
(with Compton tail and pileup)

Kstop selection and fiducial 
volume cuts were applied

Compton tail Pileup



 FCN=911.502 FROM MINOS     STATUS=PROBLEMS     3033 CALLS        3476 TOTAL
                     EDM=2.977e-07    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          1.81369e+00   3.93725e+00  -4.00227e+00   4.07498e+00
   2  BGb          3.48986e-03   1.12239e-03  -1.15765e-03   1.14608e-03
   3  BGc         -2.37316e-07   7.27471e-08  -7.42990e-08   7.49259e-08
   4  Noise [eV]   5.45000e+01     fixed    
   5  Fano         1.28000e-01     fixed    
   6  TiKa1 area   4.37214e+03   4.83047e+02  -4.72841e+02   4.93935e+02
   7  NiKa1 area   1.74028e+03   3.99465e+02  -3.89863e+02   4.10651e+02
   8  Ti Kb/Ka1 ratio   1.45006e-01   1.08238e-01  -1.05646e-01   1.15727e-01
   9  Ni Kb/Ka1 ratio   6.71991e-01   3.09000e-01  -3.09795e-01   at limit   
  10  KHeXLa area   4.11232e+04   1.43616e+03  -1.42301e+03   1.45061e+03
  11  LaLb ratio   4.19714e-01   2.80568e-02  -2.73806e-02   2.88006e-02
  12  LaLg ratio   2.34522e-01   2.13867e-02  -2.08473e-02   2.19704e-02
  13  LaLd ratio   5.37002e-02   1.42017e-02  -1.37945e-02   1.46474e-02
  14  Gamma [eV]   3.15636e-08   7.08033e+00   at limit      4.56376e+00
                                 WARNING -   - ABOVE PARAMETER IS AT LIMIT.
  15  Shift [eV]   1.81586e+00   2.86164e+00  -2.86277e+00   2.86446e+00

Const Noise  = 54.500 +-  0.000
KHeXLa Sigma = 78.253 +-  0.009
Fano         =  0.128 +-  0.000
lalb_ratio   =  0.420 +-  0.028
lalg_ratio   =  0.235 +-  0.021
Gamma        =  0.000 +-  7.080
Shift        =  1.816 +-  2.864
Chisq/NDF    = 168.635/145

2nd cycle no low-energy tail fit
(with Compton tail and pileup)

shift = 1.8±2.9 eV
width = 0+4.6-? eV



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   6.29851e-02     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   3.41463e-02     fixed    
  24  Tail NiKa area factor   8.01144e-02     fixed    
  25  Tail slope Ka   2.18047e+00     fixed    
  26  Tail TiKb area factor   3.40000e-02     fixed    
  27  Tail NiKb area factor   8.00000e-02     fixed    
  28  Tail slope Kb   2.50000e+00     fixed    
  29  Tail La area factor   0.00000e+00     fixed    
  30  Tail Lb area factor   0.00000e+00     fixed    
  31  Tail Lg area factor   0.00000e+00     fixed    
  32  Tail Ld area factor   0.00000e+00     fixed    
  33  Tail slope L   2.18047e+00     fixed    
  34  Comp La shift   5.23100e+01     fixed    
  35  Comp La sigma   8.60284e+01     fixed    
  36  Comp La area   1.37001e-01     fixed    
  37  Comp La slope   8.83081e-01     fixed    
  38  Comp Lb shift   8.31000e+01     fixed    
  39  Comp Lb sigma   1.07792e+02     fixed    
  40  Comp Lb area   1.74774e-01     fixed    
  41  Comp Lb slope   1.20151e+00     fixed    
  42  Comp Lg shift   1.05740e+02     fixed    
  43  Comp Lg sigma   1.20631e+02     fixed    
  44  Comp Lg area   1.86762e-01     fixed    
  45  Comp Lg slope   1.29132e+00     fixed    
  46  Comp Ld shift   1.07100e+02     fixed    
  47  Comp Ld sigma   1.25054e+02     fixed    
  48  Comp Ld area   1.90864e-01     fixed    
  49  Comp Ld slope   1.47932e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

2nd cycle no low-energy tail fit
(with Compton tail and pileup)

Low-energy tail intensities 
were fixed at zero.



shift = 0.6±3.9 eV
width = 0+8.8 eV

shift = 5.2±2.9 eV

width = 0+2.6 eV

1st cycle 2nd cycle

shift = -3.8±3.9 eV
width = 5+10 eV

shift = 1.8±2.9 eV

width = 0+4.6 eV

1st cycle 2nd cycle

Full tails fit

No low-energy tail fit

Low-energy tail does not influence the width
The shift was corrected ~+4 eV by the LE tail



No pileup fitting



Kstop selection and fiducial 
volume cuts were applied
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Prob      0.001726181

BGa       4.11388±        4.96795 

BGb       0.001186275±    0.002336686 

BGc       7.656237e-08±  -1.679772e-07 

TiKa1 area  456.330±       3421.736 

NiKa1 area  419.328±       2376.425 

Ti Kb/Ka1 ratio  0.1490877±      0.3077104 

Ni Kb/Ka1 ratio  0.18457538±     0.06634717 
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LaLg ratio  0.027175±       0.246103 

LaLd ratio  0.01788692±     0.03525287 
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Kstop 1st (no pileup)
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Prob      0.001726181

BGa       4.11388±        4.96795 

BGb       0.001186275±    0.002336686 

BGc       7.656237e-08±  -1.679772e-07 

TiKa1 area  456.330±       3421.736 

NiKa1 area  419.328±       2376.425 

Ti Kb/Ka1 ratio  0.1490877±      0.3077104 

Ni Kb/Ka1 ratio  0.18457538±     0.06634717 

KHeXLa area  1381.13±       28396.89 

LaLb ratio  0.0347741±      0.4259447 

LaLg ratio  0.027175±       0.246103 

LaLd ratio  0.01788692±     0.03525287 
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Prob      0.001726181

BGa       4.11388±        4.96795 

BGb       0.001186275±    0.002336686 

BGc       7.656237e-08±  -1.679772e-07 

TiKa1 area  456.330±       3421.736 

NiKa1 area  419.328±       2376.425 

Ti Kb/Ka1 ratio  0.1490877±      0.3077104 

Ni Kb/Ka1 ratio  0.18457538±     0.06634717 

KHeXLa area  1381.13±       28396.89 

LaLb ratio  0.0347741±      0.4259447 

LaLg ratio  0.027175±       0.246103 

LaLd ratio  0.01788692±     0.03525287 

Gamma [eV]  10.89332±       13.46784 

Shift [eV]  3.902956±       6.280324 

Kstop 1st (no pileup)

1st cycle no pileup fit
(with Compton tail and low-

energy tail)

Low-energy tailCompton tail



 FCN=909.517 FROM MINOS     STATUS=SUCCESSFUL   3808 CALLS        4207 TOTAL
                     EDM=9.50677e-10    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          4.96795e+00   3.36826e+00  -4.08059e+00   4.14717e+00
   2  BGb          2.33669e-03   9.62597e-04  -1.19128e-03   1.18127e-03
   3  BGc         -1.67977e-07   6.22737e-08  -7.62853e-08   7.68395e-08
   4  Noise [eV]   5.62000e+01     fixed    
   5  Fano         1.45000e-01     fixed    
   6  TiKa1 area   3.42174e+03   4.55057e+02  -4.45538e+02   4.67121e+02
   7  NiKa1 area   2.37643e+03   4.13933e+02  -4.08894e+02   4.29763e+02
   8  Ti Kb/Ka1 ratio   3.07710e-01   1.45371e-01  -1.40300e-01   1.57875e-01
   9  Ni Kb/Ka1 ratio   6.63472e-02   1.84575e-01   at limit      2.18643e-01
  10  KHeXLa area   2.83969e+04   1.36307e+03  -1.36222e+03   1.40004e+03
  11  LaLb ratio   4.25945e-01   3.46692e-02  -3.37452e-02   3.58029e-02
  12  LaLg ratio   2.46103e-01   2.71002e-02  -2.63738e-02   2.79755e-02
  13  LaLd ratio   3.52529e-02   1.78362e-02  -1.73328e-02   1.84410e-02
  14  Gamma [eV]   1.34678e+01   1.06406e+01  -1.05991e+01   1.11875e+01
  15  Shift [eV]   6.28032e+00   3.89683e+00  -3.89375e+00   3.91216e+00

Const Noise  = 56.200 +-  0.000
KHeXLa Sigma = 82.055 +-  0.013
Fano         =  0.145 +-  0.000
lalb_ratio   =  0.426 +-  0.035
lalg_ratio   =  0.246 +-  0.027
Gamma        = 13.468 +- 10.893
Shift        =  6.280 +-  3.903
Chisq/NDF    = 199.855/145

shift = 6.3±3.9 eV
width = 13.5±10.9 eV

1st cycle no pileup fit
(with Compton tail 

and low-energy tail)



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   0.00000e+00     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   8.02085e-02     fixed    
  30  Tail Lb area factor   1.07529e-01     fixed    
  31  Tail Lg area factor   1.20167e-01     fixed    
  32  Tail Ld area factor   1.26976e-01     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   1.38406e-01     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   1.74475e-01     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   1.86872e-01     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   1.91088e-01     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

1st cycle no pileup fit

Pileup intensities were 
fixed at zero.

(with Compton tail 
and low-energy tail)
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Prob       0.02502355

BGa       4.12996149±     0.01342261 

BGb       0.001190594±    0.004083302 

BGc       7.718010e-08±  -2.756086e-07 

TiKa1 area  492.127±       4418.564 

NiKa1 area  412.27±       1706.479 

Ti Kb/Ka1 ratio  0.1128674±      0.1658944 

Ni Kb/Ka1 ratio  0.3469826±      0.5127836 

KHeXLa area  1512.50±       40297.43 

LaLb ratio  0.0275945±      0.4108561 

LaLg ratio  0.020830±       0.225272 

LaLd ratio  0.01382389±     0.05164546 

Gamma [eV]  39.2869492±      0.3685693 

Shift [eV]  2.873439±       7.892469 
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 / ndf 2!        180.2212 / 145

Prob       0.02502355

BGa       4.12996149±     0.01342261 

BGb       0.001190594±    0.004083302 

BGc       7.718010e-08±  -2.756086e-07 

TiKa1 area  492.127±       4418.564 

NiKa1 area  412.27±       1706.479 

Ti Kb/Ka1 ratio  0.1128674±      0.1658944 

Ni Kb/Ka1 ratio  0.3469826±      0.5127836 

KHeXLa area  1512.50±       40297.43 

LaLb ratio  0.0275945±      0.4108561 

LaLg ratio  0.020830±       0.225272 

LaLd ratio  0.01382389±     0.05164546 

Gamma [eV]  39.2869492±      0.3685693 

Shift [eV]  2.873439±       7.892469 

Kstop 2nd (no pileup)

Kstop selection and fiducial 
volume cuts were applied

2nd cycle no pileup fit
(with Compton tail and low-

energy tail)

Low-energy tailCompton tail

 / ndf 2!        180.2212 / 145

Prob       0.02502355

BGa       4.12996149±     0.01342261 

BGb       0.001190594±    0.004083302 

BGc       7.718010e-08±  -2.756086e-07 

TiKa1 area  492.127±       4418.564 

NiKa1 area  412.27±       1706.479 

Ti Kb/Ka1 ratio  0.1128674±      0.1658944 

Ni Kb/Ka1 ratio  0.3469826±      0.5127836 

KHeXLa area  1512.50±       40297.43 

LaLb ratio  0.0275945±      0.4108561 

LaLg ratio  0.020830±       0.225272 

LaLd ratio  0.01382389±     0.05164546 

Gamma [eV]  39.2869492±      0.3685693 

Shift [eV]  2.873439±       7.892469 
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Prob       0.02502355

BGa       4.12996149±     0.01342261 

BGb       0.001190594±    0.004083302 

BGc       7.718010e-08±  -2.756086e-07 

TiKa1 area  492.127±       4418.564 

NiKa1 area  412.27±       1706.479 

Ti Kb/Ka1 ratio  0.1128674±      0.1658944 

Ni Kb/Ka1 ratio  0.3469826±      0.5127836 

KHeXLa area  1512.50±       40297.43 

LaLb ratio  0.0275945±      0.4108561 

LaLg ratio  0.020830±       0.225272 

LaLd ratio  0.01382389±     0.05164546 

Gamma [eV]  39.2869492±      0.3685693 

Shift [eV]  2.873439±       7.892469 

Kstop 2nd (no pileup)



 FCN=921.266 FROM MINOS     STATUS=PROBLEMS     5724 CALLS        6153 TOTAL
                     EDM=4.38618e-08    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          1.34226e-02   2.98192e+00  -4.00666e+00   4.25326e+00
   2  BGb          4.08330e-03   8.54037e-04  -1.23116e-03   1.15003e-03
   3  BGc         -2.75609e-07   5.56449e-08  -7.46132e-08   7.97470e-08
   4  Noise [eV]   5.45000e+01     fixed    
   5  Fano         1.28000e-01     fixed    
   6  TiKa1 area   4.41856e+03   4.90822e+02  -4.81202e+02   5.03052e+02
   7  NiKa1 area   1.70648e+03   4.05545e+02  -4.00209e+02   4.24338e+02
   8  Ti Kb/Ka1 ratio   1.65894e-01   1.10584e-01  -1.07721e-01   1.18014e-01
   9  Ni Kb/Ka1 ratio   5.12784e-01   3.11241e-01  -3.15834e-01   3.78131e-01
  10  KHeXLa area   4.02974e+04   1.57666e+03  -1.42943e+03   1.59558e+03
  11  LaLb ratio   4.10856e-01   2.75945e-02                 2.83657e-02
  12  LaLg ratio   2.25272e-01   2.07820e-02  -2.02924e-02   2.13680e-02
  13  LaLd ratio   5.16455e-02   1.38217e-02  -1.34081e-02   1.42397e-02
  14  Gamma [eV]   3.68569e-01   3.92869e+01   at limit      7.84162e+00
  15  Shift [eV]   7.89247e+00   2.87285e+00  -2.86591e+00   2.88097e+00

Const Noise  = 54.500 +-  0.000
KHeXLa Sigma = 78.272 +-  0.009
Fano         =  0.128 +-  0.000
lalb_ratio   =  0.411 +-  0.028
lalg_ratio   =  0.225 +-  0.021
Gamma        =  0.369 +- 39.287
Shift        =  7.892 +-  2.873
Chisq/NDF    = 180.221/145

shift = 7.9±2.9 eV
width = 0.4+8.0-? eV

2nd cycle no pileup fit
(with Compton tail 

and low-energy tail)



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   0.00000e+00     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   3.41463e-02     fixed    
  24  Tail NiKa area factor   8.01144e-02     fixed    
  25  Tail slope Ka   2.18047e+00     fixed    
  26  Tail TiKb area factor   3.40000e-02     fixed    
  27  Tail NiKb area factor   8.00000e-02     fixed    
  28  Tail slope Kb   2.50000e+00     fixed    
  29  Tail La area factor   6.44037e-02     fixed    
  30  Tail Lb area factor   9.93990e-02     fixed    
  31  Tail Lg area factor   1.15588e-01     fixed    
  32  Tail Ld area factor   1.24309e-01     fixed    
  33  Tail slope L   2.18047e+00     fixed    
  34  Comp La shift   5.23100e+01     fixed    
  35  Comp La sigma   8.60284e+01     fixed    
  36  Comp La area   1.37001e-01     fixed    
  37  Comp La slope   8.83081e-01     fixed    
  38  Comp Lb shift   8.31000e+01     fixed    
  39  Comp Lb sigma   1.07792e+02     fixed    
  40  Comp Lb area   1.74774e-01     fixed    
  41  Comp Lb slope   1.20151e+00     fixed    
  42  Comp Lg shift   1.05740e+02     fixed    
  43  Comp Lg sigma   1.20631e+02     fixed    
  44  Comp Lg area   1.86762e-01     fixed    
  45  Comp Lg slope   1.29132e+00     fixed    
  46  Comp Ld shift   1.07100e+02     fixed    
  47  Comp Ld sigma   1.25054e+02     fixed    
  48  Comp Ld area   1.90864e-01     fixed    
  49  Comp Ld slope   1.47932e+00     fixed    
  50  Voigt r      4.00000e+00     fixed   

2nd cycle no pileup fit
(with Compton tail 

and low-energy tail)

Pileup intensities were 
fixed at zero.



shift = 0.6±3.9 eV
width = 0+8.8 eV

shift = 5.2±2.9 eV

width = 0+2.6 eV

1st cycle 2nd cycle

shift = 6.3±3.9 eV
width = 13.5±10.9 eV

shift = 7.9±2.9 eV

width = 0.4+8.0 eV

1st cycle 2nd cycle

Full tails fit

No pileup fit

Different corrections between 1st and 2nd cycles
The shift was corrected ~−3 eV ? by the pileup



No Compton tail fitting
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 / ndf 2!        206.5674 / 145

Prob     0.0005977531

BGa       4.148048±       6.223941 

BGb       0.00120069±     0.00184261 

BGc       7.768968e-08±  -1.332519e-07 

TiKa1 area  444.562±       3425.593 

NiKa1 area  408.378±       2380.344 

Ti Kb/Ka1 ratio  0.1426688±      0.2706166 

Ni Kb/Ka1 ratio  0.2117095±      0.2753296 

KHeXLa area  1440.78±       30141.89 

LaLb ratio  0.0341832±      0.4187875 

LaLg ratio  0.0271274±      0.2481328 

LaLd ratio  0.01754790±     0.03309844 

Gamma [eV]  10.41661±       16.71014 

Shift [eV]  3.919750±      -9.301018 
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 / ndf 2!        206.5674 / 145

Prob     0.0005977531

BGa       4.148048±       6.223941 

BGb       0.00120069±     0.00184261 

BGc       7.768968e-08±  -1.332519e-07 

TiKa1 area  444.562±       3425.593 

NiKa1 area  408.378±       2380.344 

Ti Kb/Ka1 ratio  0.1426688±      0.2706166 

Ni Kb/Ka1 ratio  0.2117095±      0.2753296 

KHeXLa area  1440.78±       30141.89 

LaLb ratio  0.0341832±      0.4187875 

LaLg ratio  0.0271274±      0.2481328 

LaLd ratio  0.01754790±     0.03309844 

Gamma [eV]  10.41661±       16.71014 

Shift [eV]  3.919750±      -9.301018 

Kstop 1st (no Compton)  / ndf 2!        206.5674 / 145

Prob     0.0005977531

BGa       4.148048±       6.223941 

BGb       0.00120069±     0.00184261 

BGc       7.768968e-08±  -1.332519e-07 

TiKa1 area  444.562±       3425.593 

NiKa1 area  408.378±       2380.344 

Ti Kb/Ka1 ratio  0.1426688±      0.2706166 

Ni Kb/Ka1 ratio  0.2117095±      0.2753296 

KHeXLa area  1440.78±       30141.89 

LaLb ratio  0.0341832±      0.4187875 

LaLg ratio  0.0271274±      0.2481328 

LaLd ratio  0.01754790±     0.03309844 

Gamma [eV]  10.41661±       16.71014 

Shift [eV]  3.919750±      -9.301018 
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Prob     0.0005977531

BGa       4.148048±       6.223941 

BGb       0.00120069±     0.00184261 

BGc       7.768968e-08±  -1.332519e-07 

TiKa1 area  444.562±       3425.593 

NiKa1 area  408.378±       2380.344 

Ti Kb/Ka1 ratio  0.1426688±      0.2706166 

Ni Kb/Ka1 ratio  0.2117095±      0.2753296 

KHeXLa area  1440.78±       30141.89 

LaLb ratio  0.0341832±      0.4187875 

LaLg ratio  0.0271274±      0.2481328 

LaLd ratio  0.01754790±     0.03309844 

Gamma [eV]  10.41661±       16.71014 

Shift [eV]  3.919750±      -9.301018 

Kstop 1st (no Compton)

1st cycle no Compton tail fit
(with pileup and low-energy tail)

Kstop selection and fiducial 
volume cuts were applied

Low-energy tail Pileup



 FCN=914.088 FROM MINOS     STATUS=SUCCESSFUL   3100 CALLS        3472 TOTAL
                     EDM=3.65151e-09    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          6.22394e+00   4.04684e+00  -4.11450e+00   4.18159e+00
   2  BGb          1.84261e-03   1.17034e-03  -1.20571e-03   1.19567e-03
   3  BGc         -1.33252e-07   7.57440e-08  -7.74287e-08   7.79507e-08
   4  Noise [eV]   5.62000e+01     fixed    
   5  Fano         1.45000e-01     fixed    
   6  TiKa1 area   3.42559e+03   4.44289e+02  -4.34388e+02   4.54736e+02
   7  NiKa1 area   2.38034e+03   4.07347e+02  -3.98455e+02   4.18300e+02
   8  Ti Kb/Ka1 ratio   2.70617e-01   1.39178e-01  -1.34400e-01   1.50938e-01
   9  Ni Kb/Ka1 ratio   2.75330e-01   2.00973e-01  -2.01871e-01   2.21548e-01
  10  KHeXLa area   3.01419e+04   1.43747e+03  -1.42247e+03   1.45908e+03
  11  LaLb ratio   4.18787e-01   3.41220e-02  -3.31855e-02   3.51809e-02
  12  LaLg ratio   2.48133e-01   2.70852e-02  -2.63250e-02   2.79298e-02
  13  LaLd ratio   3.30984e-02   1.75016e-02  -1.69819e-02   1.81139e-02
  14  Gamma [eV]   1.67101e+01   1.03740e+01  -1.01615e+01   1.06718e+01
  15  Shift [eV]  -9.30102e+00   3.91433e+00  -3.92655e+00   3.91295e+00

Const Noise  = 56.200 +-  0.000
KHeXLa Sigma = 82.002 +-  0.013
Fano         =  0.145 +-  0.000
lalb_ratio   =  0.419 +-  0.034
lalg_ratio   =  0.248 +-  0.027
Gamma        = 16.710 +- 10.417
Shift        = -9.301 +-  3.920
Chisq/NDF    = 206.567/145

1st cycle no Compton tail fit
(with pileup and low-energy tail)

shift = −9.3±3.9 eV
width = 16.7±10.4 eV



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   1.07228e-01     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   5.65872e-02     fixed    
  24  Tail NiKa area factor   9.24735e-02     fixed    
  25  Tail slope Ka   1.89240e+00     fixed    
  26  Tail TiKb area factor   5.50000e-02     fixed    
  27  Tail NiKb area factor   9.30000e-02     fixed    
  28  Tail slope Kb   2.00000e+00     fixed    
  29  Tail La area factor   8.02085e-02     fixed    
  30  Tail Lb area factor   1.07529e-01     fixed    
  31  Tail Lg area factor   1.20167e-01     fixed    
  32  Tail Ld area factor   1.26976e-01     fixed    
  33  Tail slope L   1.89240e+00     fixed    
  34  Comp La shift   5.04600e+01     fixed    
  35  Comp La sigma   8.79800e+01     fixed    
  36  Comp La area   0.00000e+00     fixed    
  37  Comp La slope   8.75800e-01     fixed    
  38  Comp Lb shift   8.18100e+01     fixed    
  39  Comp Lb sigma   1.08568e+02     fixed    
  40  Comp Lb area   0.00000e+00     fixed    
  41  Comp Lb slope   1.22324e+00     fixed    
  42  Comp Lg shift   9.88300e+01     fixed    
  43  Comp Lg sigma   1.21491e+02     fixed    
  44  Comp Lg area   0.00000e+00     fixed    
  45  Comp Lg slope   1.33329e+00     fixed    
  46  Comp Ld shift   1.08500e+02     fixed    
  47  Comp Ld sigma   1.27516e+02     fixed    
  48  Comp Ld area   0.00000e+00     fixed    
  49  Comp Ld slope   1.45616e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

1st cycle no Compton tail fit
(with pileup and low-energy tail)

Compton tail intensities 
were fixed at zero.



 / ndf 2!        167.4586 / 145

Prob       0.09766614

BGa       4.24375±        1.43676 

BGb       0.001237568±    0.003557164 

BGc       8.041791e-08±  -2.394106e-07 

TiKa1 area  483.793±       4392.733 

NiKa1 area  405.231±       1716.831 

Ti Kb/Ka1 ratio  0.1106068±      0.1482593 

Ni Kb/Ka1 ratio  0.3094956±      0.8120749 

KHeXLa area  1718.15±       44249.58 

LaLb ratio  0.0275280±      0.4092155 

LaLg ratio  0.0206524±      0.2256572 

LaLd ratio  0.01349877±     0.04976927 

Gamma [eV]  7.495089±       8.791432 

Shift [eV]  2.845086±      -3.625334 
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 / ndf 2!        167.4586 / 145

Prob       0.09766614

BGa       4.24375±        1.43676 

BGb       0.001237568±    0.003557164 

BGc       8.041791e-08±  -2.394106e-07 

TiKa1 area  483.793±       4392.733 

NiKa1 area  405.231±       1716.831 

Ti Kb/Ka1 ratio  0.1106068±      0.1482593 

Ni Kb/Ka1 ratio  0.3094956±      0.8120749 

KHeXLa area  1718.15±       44249.58 

LaLb ratio  0.0275280±      0.4092155 

LaLg ratio  0.0206524±      0.2256572 

LaLd ratio  0.01349877±     0.04976927 

Gamma [eV]  7.495089±       8.791432 

Shift [eV]  2.845086±      -3.625334 

Kstop 2nd (no Compton)
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 / ndf 2!        167.4586 / 145

Prob       0.09766614

BGa       4.24375±        1.43676 

BGb       0.001237568±    0.003557164 

BGc       8.041791e-08±  -2.394106e-07 

TiKa1 area  483.793±       4392.733 

NiKa1 area  405.231±       1716.831 

Ti Kb/Ka1 ratio  0.1106068±      0.1482593 

Ni Kb/Ka1 ratio  0.3094956±      0.8120749 

KHeXLa area  1718.15±       44249.58 

LaLb ratio  0.0275280±      0.4092155 

LaLg ratio  0.0206524±      0.2256572 

LaLd ratio  0.01349877±     0.04976927 

Gamma [eV]  7.495089±       8.791432 

Shift [eV]  2.845086±      -3.625334 
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 / ndf 2!        167.4586 / 145

Prob       0.09766614

BGa       4.24375±        1.43676 

BGb       0.001237568±    0.003557164 

BGc       8.041791e-08±  -2.394106e-07 

TiKa1 area  483.793±       4392.733 

NiKa1 area  405.231±       1716.831 

Ti Kb/Ka1 ratio  0.1106068±      0.1482593 

Ni Kb/Ka1 ratio  0.3094956±      0.8120749 

KHeXLa area  1718.15±       44249.58 

LaLb ratio  0.0275280±      0.4092155 

LaLg ratio  0.0206524±      0.2256572 

LaLd ratio  0.01349877±     0.04976927 

Gamma [eV]  7.495089±       8.791432 

Shift [eV]  2.845086±      -3.625334 

Kstop 2nd (no Compton)

2nd cycle no Compton tail fit
(with pileup and low-energy tail)

Kstop selection and fiducial 
volume cuts were applied

Low-energy tail Pileup



 FCN=910.592 FROM MINOS     STATUS=PROBLEMS     3252 CALLS        3625 TOTAL
                     EDM=3.83738e-08    STRATEGY= 1      ERROR MATRIX ACCURATE 
  EXT PARAMETER                  PARABOLIC         MINOS ERRORS        
  NO.   NAME      VALUE            ERROR      NEGATIVE      POSITIVE   
   1  BGa          1.43676e+00   3.93055e+00  -4.21003e+00   4.27746e+00
   2  BGb          3.55716e-03   1.14374e-03  -1.24277e-03   1.23237e-03
   3  BGc         -2.39411e-07   7.44119e-08  -8.01413e-08   8.06945e-08
   4  Noise [eV]   5.45000e+01     fixed    
   5  Fano         1.28000e-01     fixed    
   6  TiKa1 area   4.39273e+03   4.83284e+02  -4.73216e+02   4.94369e+02
   7  NiKa1 area   1.71683e+03   4.02425e+02  -3.94878e+02   4.15583e+02
   8  Ti Kb/Ka1 ratio   1.48259e-01   1.08207e-01  -1.05582e-01   1.15631e-01
   9  Ni Kb/Ka1 ratio   8.12075e-01   3.09496e-01  -3.23662e-01   at limit   
  10  KHeXLa area   4.42496e+04   1.70922e+03  -1.69932e+03   1.73698e+03
  11  LaLb ratio   4.09216e-01   2.74813e-02  -2.68461e-02   2.82100e-02
  12  LaLg ratio   2.25657e-01   2.06255e-02  -2.01152e-02   2.11895e-02
  13  LaLd ratio   4.97693e-02   1.34807e-02  -1.30888e-02   1.39088e-02
  14  Gamma [eV]   8.79143e+00   7.42396e+00  -7.33762e+00   7.65256e+00
  15  Shift [eV]  -3.62533e+00   2.84472e+00  -2.84546e+00   2.84472e+00

Const Noise  = 54.500 +-  0.000
KHeXLa Sigma = 78.236 +-  0.009
Fano         =  0.128 +-  0.000
lalb_ratio   =  0.409 +-  0.028
lalg_ratio   =  0.226 +-  0.021
Gamma        =  8.791 +-  7.495
Shift        = -3.625 +-  2.845
Chisq/NDF    = 167.459/145

2nd cycle no Compton tail fit
(with pileup and low-energy tail)

shift = −3.6±2.8 eV
width = 8.8±7.5 eV



  16  TiKa1 mean [eV]   4.51084e+03     fixed    
  17  NiKa1 mean [eV]   7.47815e+03     fixed    
  18  TiKb1 mean [eV]   4.93181e+03     fixed    
  19  NiKb1 mean [eV]   8.26466e+03     fixed    
  20  Pile area factor   6.29851e-02     fixed    
  21  Pile shift [eV]   2.00000e+02     fixed    
  22  Pile sigma factor   2.00000e+00     fixed    
  23  Tail TiKa area factor   3.41463e-02     fixed    
  24  Tail NiKa area factor   8.01144e-02     fixed    
  25  Tail slope Ka   2.18047e+00     fixed    
  26  Tail TiKb area factor   3.40000e-02     fixed    
  27  Tail NiKb area factor   8.00000e-02     fixed    
  28  Tail slope Kb   2.50000e+00     fixed    
  29  Tail La area factor   6.44037e-02     fixed    
  30  Tail Lb area factor   9.93990e-02     fixed    
  31  Tail Lg area factor   1.15588e-01     fixed    
  32  Tail Ld area factor   1.24309e-01     fixed    
  33  Tail slope L   2.18047e+00     fixed    
  34  Comp La shift   5.23100e+01     fixed    
  35  Comp La sigma   8.60284e+01     fixed    
  36  Comp La area   0.00000e+00     fixed    
  37  Comp La slope   8.83081e-01     fixed    
  38  Comp Lb shift   8.31000e+01     fixed    
  39  Comp Lb sigma   1.07792e+02     fixed    
  40  Comp Lb area   0.00000e+00     fixed    
  41  Comp Lb slope   1.20151e+00     fixed    
  42  Comp Lg shift   1.05740e+02     fixed    
  43  Comp Lg sigma   1.20631e+02     fixed    
  44  Comp Lg area   0.00000e+00     fixed    
  45  Comp Lg slope   1.29132e+00     fixed    
  46  Comp Ld shift   1.07100e+02     fixed    
  47  Comp Ld sigma   1.25054e+02     fixed    
  48  Comp Ld area   0.00000e+00     fixed    
  49  Comp Ld slope   1.47932e+00     fixed    
  50  Voigt r      4.00000e+00     fixed    

2nd cycle no Compton tail fit
(with pileup and low-energy tail)

Compton tail intensities 
were fixed at zero.



shift = 0.6±3.9 eV
width = 0+8.8 eV

shift = 5.2±2.9 eV

width = 0+2.6 eV

1st cycle 2nd cycle

1st cycle 2nd cycle

Full tails fit

No Compton tail fit

Centroid of the width was shifted from zero to ~10 eV
The shift was corrected ~+9 eV by the Compton tail

shift = −9.3±3.9 eV
width = 16.7±10.4 eV

shift = −3.6±2.8 eV
width = 8.8±7.5 eV

← These results were expected by simple simulations !



Summary

shift = 0.6±3.9 eV
width = 0+8.8 eV

shift = 5.2±2.9 eV
width = 0+2.6 eV

2nd cycle1st cycle

Compton tail correction was done.  As a result, 

Corrections

Low-energy tail does not influence the width
The shift was corrected ~+4 eVLow-energy tail

pileup Different corrections between 1st and 2nd cycles
The shift was corrected ~−3 eV ? 

Compton tail
Centroid of the width was shifted 
from zero to ~10 eV
The shift was corrected ~+9 eV 
by the Compton tail

almost zero-shift and zero-width



Next

Systematics error estimation

→ Feedback from the PSI data 

→ re-calibration

How fix the Kβ tail intensity ?

The Kβ tail conflicts with the pileup Gaussian.

Since the pileup is one of the main corrections, we 
should be careful to decide the pileup intensity.

Flash ADC data are not yet usable fully!

Publish a letter paper


