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Three parameters required:

3 Covariance matrix on data

Measured (Data) Pt Distribution
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36 Pseudo experiments
36 Seed for pseudo experiments.
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Diagonal covariance matrix from measured spectrum

Covariance Matrix (BOX)
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This covariance matrix was then used to compute error matrix for the unfolded spectrum using toy MC.
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Toy generation:
Elements of the upper-triangular matrix, L that give Lt*L= C were calculated with Lt = transpose of L.
Triangular matrix such that L = L(Ndim, Ndim) with Ndim = dimension

- € . Triangular matrix | > A

Diagonal L(Ndim, Nelm) Off-diagonal

for( int ipar=0; ipar < Ndim; ipar++) for( int jpar=ipar+1; jpar < Ndim; jpar++)‘
L(ipar, ipar) = cov->GetBinContent(ipar+1, ipar+1) L(ipar, jpar) = cov->GetBinContent(ipar+1, jpar+1)

for(int k=0; k < ipar; k++) for(int k=0; k < ipar; k++) l

L(ipar, ipar) -= L2(k, ipar) L(ipar, jpar) -= L(k, ipar)*L(k, jpar)
if if ‘

L(ipar, ipar) > 0.0 L(ipar, ipar) != 0.0
return return .'

L(ipar, ipar) = Sqrt(L(ipar, ipar)) L(ipar, jpar) /= L(ipar, ipar)

else e|Se ‘
n

- Transpose of L was obtained from TMatrixD —
L(ipar, ipar) = 0.0 object using ‘kTransposed’ method. L(ipar, jpar) = 0
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1D toy histogram is cloned from measured pt distribution (data). Toy mean is obtained obtained by:
= Creating vector of unit Gaussian variables g(k) = random.Gaus(0.,1.)
= Multiplying g(k) by Lt, g(k) *= Lt
= Adding mean value offsets
toyhistogram->SetBinContent( j, Bdata->GetBinContent(j) + g(j-1) )
toyhistogram->SetBinError( j, Bdata->GetBinError(j) )

Then performed unfolding with regularization parameter
= Kreg =4, 6, 8, 10 with optimal kreg value being 6.
toymean ->SetBinContent( j, toymean->GetBinContent(j) + unfres->GetBinContent(j)/ntoys

Reset random seed and deal with toys for the covariance matrix.

= Created vector of unit Gaussian variables g(k) = random.Gaus(0., 1.)
= Multiplied g(k) by Lt, g(k) *= Lt

= Added mean value offsets

Unfolded with regularization parameter from dvector and stored the unfolded covariance matrix.

= Used kreg =4, 6, 8 and 10 for comparison purpose.

= UnfCov->SetBinContent( j, k, UnfCov->GetBinContent(j,k) + ( (unfres->GetBinContent(j) — toymean-
>GetBinContent(j) ) * (unfres->GetBinContent(k) — toymean->GetBinContent(k))/(ntoys-1)) )
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Measured Spectrum
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Unfolded cov. matrix from data [Kreg
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Unfolded cov. matrix from data [Kreg
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Unfolded cov. matrix from data [Kreg = 10]
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Unfolded cov. matrix from data [Kreg
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Detector response matrix: 2D histogram extracted from the reco and true pt spectra of
UPC+DPMJET MC

Smearing Response Matrix (BOX)
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Two arguments required: (1) ntoys and (2) random seed for pseudo experiments
= Acopy of response matrix is made for unfolded covariance matrix.

Toys for detector response matrix are generated using a TRandom3 generator with seed

= Toy matrix (toymat) is cloned from detector response matrix

= Toy mean 1D histogram is also cloned from true MC distribution.

= Toy matrix is then generated based on toy number and dimension of response matrix using Poisson.
toymat->SetBinContent(k, m, random. Poisson(ResMat->GetBinContent(k,m)) )

Unfolding with appropriate regularization parameter (kreg) is performed
= Kreg =4, 6 (optimal), 8 and 10 plotted for comparison
= Toy mean (toymean) is stored as:
toymean->SetBinContent( j, toymean->GetBinContent(j) + unfres->GetBinContent(j)/ntoys

Random seed is reset for unfolded covariance matrix

= Toy matrix is generated based on toy number and dimension of response matrix using Poisson
toymat->SetBinContent(k, m, random. Poisson(ResMat->GetBinContent(k,m)) )

Unfolding is performed with regulization parameter = 4, 6, 8, 10 and unfolded covariance matrix is stored.
= Unfcov->SetBinContent(j, k, unfcov->GetBinContent(j, k) + (( unfres->GetBinContent(j) — toymean-
>GetBinContent(j) )* (unfres->GetBinContent(k) — toymean->GetBinContent(k) )/(ntoys-1) )
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Response Matrix
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Unfolded cov. matrix from response matrix [Kreg
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Unfolded cov. matrix from response matrix [Kreg
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Unfolded cov. matrix from response matrix [Kreg = 10]
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Unfolded cov. matrix from response matrix [Kreg
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to Total Uncertainties on Data
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Regularized cov. matrix [Kreg = 10]
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Inverse of cov. matrix [Kreg = 4]
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Inverse of cov. matrix [Kreg = 6]

— Xinv
L 03r Entries 96382
> Meanx 0.141
S I Meany  0.141
20.25~ Std Dev(x07047
- Std Dev3/07047
0.2~
0.15[~
0.1
0.05F
MM B B B R R
q) 0.05 0.1 0.15 0.2 0.25 0.3
Pt[GeV/c]
Inverse of cov. matrix [Kreg = 6]
— 0.3 Xinv
§ - Entries 96382
[ : Meanx  0.141
S I Meany  0.141
70.25 o Std Dev(x07047
- Std Dev/07047
0.2~
0.15F
0.1
0.05F
!...1....1....1....1....1....
%005 02 025 03

Pt[GeV/c]

Inverse of cov. matrix [Kreg = 8]

— Xinv
L 0'3- Entries 96382
2 Meanx  0.141
[©) L Meany 0.141
20.25 Std Devx07047
L Std Dev3,07047
02f
0.15[
0.1
0.05F
PP EPEPEEP EPEPIPE EPEPEPI EPEPEPTE AP
%005 01 015 02 025 03
P{GeV/c]
Inverse of cov. matrix [Kreg = 8]
— 0.3 Xinv
§’ - Entries 96382
© [ Meanx  0.141
S t Meany 0.141
&0.25- Std Dev(x07047
L Std Dev(.07047
0.2~
0.15F
0.1f
0.05F
!11111
% 005 01 015 02 025 03

Pt[GeV/c]




Singular Value Distributions — Unfolding Cross-
check Slide 12

SV distribution [Kreg = 4] SV distribution [Kreg = 6]
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Singular values are distributed as expected and are regularization independent.
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Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 6)
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Unfolded, Data, Reco and True Superposed UPC Pt Spectra (Kreg = 6)
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Unfolded, Data, Reco and True Superposed UPC Pt Spectra (Kreg = 6)
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Unfolded spectrum cross-check [Kreg = 6]
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& Way forward to be decided depending on the outcome of this update
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Data to unfold: Run 15 inclusive pAu transverse momentum data at Vs. =200 GeV
Measured (Data) Pt Distribution
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@ Reconstructed spectrum: pAu reconstructed pt spectrum from a combination of
UPC (EM) + DPMJET (HAD) MC samples.

Neutron Selection Cuts

Following cuts were utilized for neutron identification and rejection of photon
events. Same cuts as data.

ZDC total energy: 40 < E < 120 and 2" ZDC energy/ZDC total energy >
0.03 (i.e. non-zero 2" ZDC energy )

Acceptance cut: 0.5<r<4.0 cm

SMD muiltiplicity: Nx/Ny >= 2 fired SMD strips. That is Nx and Ny > 1 fired
strips above Minimum lonized Particle (MIP) energy threshold cut.
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log[Yield]
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@ True spectrum: True pt spectrum from addition of UPC (EM) + DPMJET (HAD)
MC samples.

UPC+DPMJET True Pt Spectrum
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® Covariance matrix: 2D histogram extracted from the measured pt spectrum.
Covariance Matrix (BOX)
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Finally created a TSVDUnfold object to perform unfolding of the measured spectrum

TSvDUnfold *tsvdunf = new TSv¥DUnfolddC hdata, statcov, hUDreco, huUDTrue, UAdet D

Ready
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Performed unfolding with the regularization parameter (kreg = 6 as optimum).
TSVDUnfold IdiI

dd

T Entries 42
E Mean 2.602
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This distribution helps us cross-check the quality of our unfolding regularization.

Regularization is chosen as the point where | d_i | stop being statistically
significantly >> 1. It is the point where regularization is considered optimal.
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Yield

Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 2)
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Yield

Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 4)
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Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 8)
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BACKUP - Unfolded Distribution
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Yield

Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 10)
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Unfolding Output - Unfolded Distribution
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Comparison of unfolded spectra with kreg =2, 4, 6, 8 and 10
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Detector Response Matrix - UPC
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Smearing Response Matrix (BOX)
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Yield

Unfolded, Data, Reco and True Superposed Pt Spectra (Kreg = 1)
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