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Charm Hadron Reconstruction

Primary Vertex Reconstruction:

> CentralTrackVertices
> AdaptiveMultiVertexFinder (in development: Bishoy) arXiv:1911.12168 [nucl-ex]

Primary vertex: allows access to the DCA of daughter tracks

Secondary vertex: allows access to more topological variables, e.g., decay length, D" Detay 'T
pointing angle (cosB), DCAx, or DCAcetc. i
,” :li \é\pay Length
A D’ Decay detail
. . DCA £ 0 Y
Topological Variables SCAI}'-""D 43
- - - Primary Vertex
dl=SV —-PV
CcoS @—_}—p:W) Invariant mass: m,= (EK_+ER+) (pK_+pn+)
dil|pis
DCAp,= dl|sin 6 Secondary vertex is important for the reconstruction of HF-hadrons
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Secondary Vertex Reconstruction

> Perform the combinatorics between two tracks (D° meson) and three tracks for A" baryon  /Ac+ Reconstruction code

> Find the closest space point to the helices properly considering the track errors

A »pK K

D> K '

Path length . p
ath length (s) -
“d,
Secondarv vertex “-. d’ Secondary vertex
a econdary verte PV . 0
PV
Signal pairs: From HF-hadron decay Bkg pairs: One of them is not from an HF-hadron decay

AdaptiveMultiVertexFinder and KFParticle for secondary vertex, as they account for proper track errors once available

Various approaches for secondary vertex reconstruction
> 0 0 0 0 0 0 0 0000000000000
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https://github.com/eic/snippets/blob/main/JetsAndHF/Lcp_Reconstruction/Lcp_Reconstruction.cxx

Secondary Vertex Reconstruction (D°)

Approach 1 (Analytical ighoring tracking errors) ke ?/clsa:\?/cz) R
from the STAR helix calculation D% K-t _ D* 1.869 312
Ul K Do 1.864 123

B* 5.279 491
BO 5.280 456
AYS 2.286 60

TrackAt(s):(f’s,ﬁs,q)

s: path length péa,

TraCkDCA:(f;)’ﬁO’q)

Secondary Vertex

o pca,+pca,
2

Vertex position SV = (vy, vy, V;)

https://doi.org/10.1103/PhysRevLett.124.172301
STAR experiment

The Aci decay vertex is reconstructed as the mid-point
of the distance of closest approach (DCA) between the
three daughter tracks. To improve separation of signal

"
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https://doi.org/10.1103/PhysRevLett.124.172301

Secondary Vertex Reconstruction (D°)

Approach 2 (ignoring tracking errors) Vertex position SV = (vy, vy, V;) parameters
Minimization of square of distance

S: path length

Minimizing the distance

TraCkDCA:(ro’ Po> Q)
Total parameters (5): (v« vy, V., S1, S2)

Track 1) =(r3;,p1,q1)

From fit: TkaAt s2) ( :z,f)Z,qZ)
Parameters
1 pCa, +pca, 2 Minimize d =(r5,—V)"+(r,—V)’
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Secondary Vertex Reconstruction (D°)

Code to Minimize the square of the distance

// Define function for Distance2 minimization between two helices
struct Distance2Minimization {
StPhysicalHelix fhelix1, fhelix2;
Distance2Minimization(StPhysicalHelix helix1, StPhysicalHelix helix2) : fhelix1l(helix1), fhelix2(helix2) {}
// Implementation of the function to be minimized
double operator() (const double *par) {

double x = par[0];
double y = par[1];
double z = par[2];
double s1 = par[3];
double s2 = par[4];
double f = 0;

TVector3 vertex(x, y, z);
TVector3 pl = fhelixl.at(sl);
TVector3 p2 = fhelix2.at(s2);

double d1 = (vertex - pl).Mag2();
double d2 = (vertex - p2).Mag2();
f =dl + d2; // minimize total squared distance

return f;
}
}

Initialization of parameters for fit function: can be improved in the future

StPhysicalHelix helix1(moml, posl, bField * tesla, chargel);
StPhysicalHelix helix2(mom2, pos2, bField * tesla, charge2);
pair<double, double> const ss = helix1l.pathLengths(helix2);
TVector3 const pl init = helixl.at(ss.first);

TVector3 const p2_init = helix2.at(ss.second);

// Perform Minimization

const Int t nPar = 5;

Distance2Minimization d2Function(helixl,helix2);

ROOT: :Math: :Functor fcn(d2Function,nPar); // 5 parameters
ROOT::Fit::Fitter fitter;

double x0 =0.5*(pl _init.X() + p2_init.X()); double y® =0.5*(pl init.Y() + p2_init.Y()); double z0 =0.5*(pl _init.Z() + p2_init.Z());
double pStart[nPar] = {x0,y0,z0,ss.first,ss.second};
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Comparison of Results

hRes_SVy_Helixfit
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Comparison of Results

Analytical Mid Point (vx, vy, vz) from Helix Calculation = (-8.0453003,-0.016514,-0.064341)

Fit Parameters Mid Point (vx, vy, vz) from fit = (-0.0453881,-0.016548,-0.0642932) DimenSionS are in cm
Fit Parameters Secondary vertex (vx, vy, vz) from fit = (-0.0453003,-0.016514, -0.064341)

Mid Point (vx, vy, vz) from Helix Calculation = (0.0131281,-0.0119958, -0.0965499)
Mid Point (vx, vy, vz) from fit = (0.0126326,-0.0121878, -0.0962801)
Secondary vertex (vx, vy, vz) from fit = (0.0131281,-0.0119958, -0.0965499)

Mid Point (vx, vy, vz) from Helix Calculation = (-0.00270488,0.000410106, -0.0686854)
Mid Point (vx, vy, vz) from fit = (-0.00275871,0.000404454, -0.0686431)
Secondary vertex (vx, vy, vz) from fit = (-0.00270488,0.000410106, -0.0686854)

Mid Point (vx, vy, vz) from Helix Calculation = (0.0135671, -0.00890401, -0.0799287)
Mid Point (vx, vy, vz) from fit = (0.0134079, -0.0089207,-0.0798036)
Secondary vertex (vx, vy, vz) from fit = (0.0135671,-0.00890401, -0.0799287)

Mid Point (vx, vy, vz) from Helix Calculation = (-0.00679701,4.20239e-05,-0.0727941)
Mid Point (vx, vy, vz) from fit = (-0.00669404,0.000683956, -0.0726065)
Secondary vertex (vx, vy, vz) from fit = (-0.00679701,4.20239e-05,-0.0727941)

Mid Point (vx, vy, vz) from Helix Calculation = (52.8759,17.5094, -896.419)
Mid Point (vx, vy, vz) from fit = (52.8759,17.5094,-896.418)
Secondary vertex (vx, vy, vz) from fit = (52.8759,17.5094,-896.419)

Mid Point (vx, vy, vz) from Helix Calculation = (-0.470943,0.836423,9.68468)
Mid Point (vx, vy, vz) from fit = (-0.470943,0.836426,9.68465)
Secondary vertex (vx, vy, vz) from fit = (-0.470943,0.836423,9.68468)

Mid Point (vx, vy, vz) from Helix Calculation = (-0.0203246,-0.0101872,-0.0647636)
Mid Point (vx, vy, vz) from fit = (-0.0203641,-0.0100814,-0.0659648)
Secondary vertex (vx, vy, vz) from fit = (-0.0203246,-0.0101872,-0.0647636)

12/08/25 Secondary Vertexing: Shyam Kumar



Secondary Vertex Reconstruction (/)

Secondary Vertex SV for preliminary studies:
(Analytical approach) AZ -> p K g-l;+ Tracking errors are currently ignored

pCa,+pCa,+pca,
Triangle in space

3. Distance2 Minimization

Total parameters (6) = (v, Vy, V2, S1, S2, S3)
Track ,,,,=(r;,,p1,q1)

TraCkAt s2) ( 52’p2’q2)

2. CircumCircle Center Track us3=(rs3, P 3,43)

Af{jffs'wm Zir\{;::mééént\m" Minimize d’=(r;,—V)’+(r;,— V) +(r;,—v)’
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Distance2 Minimization

// Define function for Distance2 minimization between three helices
struct Distance2Minimization {
StPhysicalHelix fhelix1, fhelix2, fhelix3;
Distance2Minimization(StPhysicalHelix helix1, StPhysicalHelix helix2, StPhysicalHelix helix3) : fhelixl(helix1l),fhelix2(helix2), fhelix3(helix3) {}
// Implementation of the function to be minimized
double operator() (const double *par) {

double x = par[0];

double y = par[1]; . oL
double ’;_' = Ear[;g]; Function to minimize
double sl = par[3];

double s2 = par[4];

double s3 = par[5];

double f = 0;

TVector3 vertex(x, y, z);

TVector3 pl = fhelixl.at(sl);
TVector3 p2 = fhelix2.at(s2);
TVector3 p3 = fhelix3.at(s3);

double d1 = (vertex - pl).Mag2();
double d2 = (vertex - p2).Mag2();
double d3 = (vertex - p3).Mag2();
f =dl + d2 + d3; // minimize total squared distance
return f;
}
b

pair<double, double> const ss12 helix1.pathLengths(helix2);
pair<double, double> const ss13 = helixl.pathLengths(helix3);
TVector3 const pl init helixl.at(ssl2.first);
TVector3 const p2_init = helix2.at(ssl2.second);
TVector3 const p3 init helix3.at(ss13.second);

Initialization of parameters for fit function: can be improved in the future
// Perform Minimization

const Int_t nPar = 6;

Distance2Minimization d2Function(helixl,helix2,helix3);

ROOT: :Math: :Functor fecn(d2Function,nPar); // 5 parameters

ROOT::Fit::Fitter fitter;

double x@ =1./3*(pl_init.X() + p2_init.X()+ p3_init.X()); double y® =1./3*(pl_init.Y() + p2_init.Y() + p3_init.Y()); double z@ =1./3*(pl_init.Z() + p2_init.Z() + p3_init.Z());
double pStart[nPar] = {x0,y0,20,ss12.first,ss12.second,ss13.second};
fitter.SetFCN(fcn, pStart,nPar,1);
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Comparison of Results (/)
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= : ' hRes_SVy_fit
| Secondary Vertex (A} Entries 46039
[ — - Distance Minimization Mean  -0.001823
L Dev 0.1538
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mc

> Distance minimization is giving better results

> Of Course, chi2 minimization will be the best
option but requires covariance information at DCA
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Comparison of Results (/)
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Secondary Vertex Reconstruction (D°)

Approach 3 (considering the tracking errors) Vertex position SV = (vy, vy, V;) parameters
Minimization of chi-square

If we know the
covariance at this
point

S: path length

L. Minimize chi2:
TraCkDCA:(rO’pO’q)

2_(X1_Vx)2 (X2_Vx>2 (yl_vx)2 (.)/Z_VX)Z (Zl_vx)2 (ZZ_VX)2
X + + +
o T o 0, o o
2 2 2
0 X —0 0X —0 0X —0
oV, av, v,
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Secondary Vertex Reconstruction (D°)

X X z, 1z,
X, X RANNE S B S &
T O 02y1 Oiz 921 Op

vV,= vy: V,=
1,1 1,1 1 .1
2 2 2 2 02 02
le Ox2 Gyl Gyz z1 z2

x=—lo sing , y=lo cos¢ , z=1;

For a given track:

ox2=sin2¢-cl0"2+L0"2cos"2¢-ap"2+2-00singcosd-Cov(£0,d)
oy2=c0s"2¢-al0"2+00"2sin2¢-a¢p"2—-2-L0sinpcosdp-Cov(£0,d)
oz"2 = ol1"2

We need covariances at pca; and pca:
Further chi2 minimization can be performed in the code
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Chi2 Minimization Code

These covariances must be at pcal and pca2 points

// Define function for Chi2 minimization between two helices
struct Chi2Minimization {

StPhysicalHelix fhelix1, fhelix2;

std::array<float, 21> fcovl, fcov2; // full covariance matrix

Chi2Minimization(StPhysicalHelix helix1, StPhysicalHelix helix2,| std::array<float, 21> covl, std::array<float, 21> cov2)|: fhelix1(helix1),fhelix2(helix2), fcovl(covl), fcov2(cov2) {}
// Implementation of the function to be minimized
double operator() (const double *par) {

double x = par[0];

double y = par[1];

double z = par[2];

double s1 = par[3];

double s2 = par[4];

double f =0;

TVector3 vertex(x, vy, z); . . . . .
Tiector3 p1 - LI Root files store the covariance at the DCA, | did a quick try with that
TVector3 p2 = fhelix2.at(s2);

TVector3 moml = fhelix1l.momentumAt(sl, bField * tesla);

TVector3 m 2 = fhelix2.momentumAt(s2, bField * tesla);

// x= -18@ sing , y=10 cosd , z=1

// Recalculate 10 at PCA for error propagation
float 10 trackl = pl.Pt(); float 11 trackl = pl.Z(); double phi trackl
float 10 track2 = p2.Pt(); float 11 track2 = p2.Z(); double phi track2
// Trackl: ox"2=sin"2¢-cf0"2+£0"2cos™2¢-0¢"~2+2 - fOsindcosdh-Cov (0, ¢)
float sigx1l 2 = sin(phi_trackl)*sin(phi_trackl)*fcovl[@] + 10 _trackl*10_trackl*cos(phi_trackl)*cos(phi_trackl)*fcovl[5]+ 2.0*1@ trackl*sin(phi_trackl)*cos(phi_trackl)*fcovl[3];
float sigx2_2 = sin(phi_track2)*sin(phi_track2)*fcov2[0] + 10_track2*10_track2*cos(phi_track2)*cos(phi_track2)*fcov2[5]+ 2.0*10_track2*sin(phi_track2)*cos(phi_track2)*fcov2[3];

moml.Phi();
mom2.Phi();

// oy™2=cos”2¢-0f0"2+1072sin"2¢ - 6p"2-2- fOsindcosd - Cov( 0, d)
float sigyl 2 cos{phi_trackl)*cos(phi_trackl)*fcovl[@] + 10 _trackl*10_trackl*sin(phi_trackl)*sin(phi_trackl)*fcovl[5]-2.0*10_trackl*sin(phi_trackl)*cos(phi_trackl)*fcovl[3];
float sigy2 2 = cos(phi_track2)*cos(phi_track2)*fcov2[0] + 10 _track2*10_track2*sin(phi_track2)*sin(phi_track2)*fcov2[5]-2.0*10_track2*sin(phi_track2)*cos(phi_track2)*fcov2[3];

// oz"2

My siop -l 1 Note: Covariances are taken from DCA to primary vertex
double d1 x = 10.*(vertex - p1).X(); double d2 x = 10.*(vertex - p2).X(); - '

double d17y = 10.*(vertex . p1) .v(): double d2y = 10 *(vertex - p2) (). Need to estimate at pcal and pca2 can be done in ACTs
double d1 z = 10.*(vertex - pl).Z(); double d2 z = 10.*(vertex - p2).Z();

f = dl _x*d1l x/sigxl 2 + d2_x*d2_x/sigx2 2 + dl_y*dl y/sigyl 2 + d2 y*d2 y/sigy2 2 + d1_z*dl z/sigzl 2+ d2_z*d2_z/sigz2 2; // chi2
return f;

I3
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Fit method: Pull of SVx

Chi2 Minimization Results

Covariance can be improved (required at the DCA between two tracks)

hRes_SVx_Helixfit_pull

Fit method: Pull of SVy

hRes_SVy_Helixfit_pull
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Comparison of Results
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Summary

| investigated different approaches to improve secondary vertexing

Distance minimization can be a good solution can be a good solution until KFParticle or the
AdaptiveMultiVertexFinder becomes available

Chi2 minimization can also be implemented, but it requires knowledge of the covariances at the DCA points
between two tracks

The expectation is to have pulls consistent with unity after using the proper covariances

For three-daughter decays, distance minimization can be a good solution for the moment

Thank you for your attention!
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Covariance Matrix

For each fitted track we get track parameters and

Track Parameters (1 sl 8.aql, time) covariance matrix
I[, I ¢ 6 ql/p time

I, 0%(ly) cov(lp,ly) cov(ly,d) cov(ly,8) cov(ly,q/p) cov(lp,t) ]

l : o?(l)  cov(ly,d) cov(ly,8) cov(ly,q/p) cov(ly,t)

¢ ; : a?(p) cov(¢,0) cov(ep,q/p) cov(g,t)

0 : : a(9) cov(f,q/p) cov(6,t)

/
it - . - - o(q/p)  cov(q/p,t)
time 0
- ; : : ot (i) |
Symmetric matrix: Independent entries = n(n+1)/2 = 6*7/2 = 21
Tkl e Cov[0] = cov(I0, 10) _ I ——

S S Cov[1] = cov(l0, I1) S 1 i il 0, =(Cov[0]) 1=V(Cov[2])
ey = Oviel = oot T Cov[13] = cov(®, g/p)
P mstains Cov[3] = cov(10, @) Cov[14] - cov(q;p alp) _ m R
SovTT] - .060284260. ng{g} H gg:g:;- {‘g)) Cov[15] = cov(I0, time) o e o,=v(Cov[9])
i s e % ’ Cov[16] = cov(I1, i e
cov{ll}l} = 0.008153044 cov[6] B COV(:?, g] Cg:{l?} = gg;ggp‘ {ilnn:{g D'q.l(p:'\." (COV[ 14]}
Sl e coult] = cov(@. ) Sl e i)
-:ov[:l.-‘l} 0.00811838 COV[Q] - COV(G, B} COV[IQ] : COV(ql'p, tlme)
i i cov[10] = cov(i0, a/p) e b = SR e

cov[17] = 3.B9844e-88
cov[18] = -8.820410-08
cov[19] = 2.242e-09

cow[28] = O.B8833I3566

12/08/25 Secondary Vertexing: Shyam Kumar 19



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

