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Vertex fit with external beam spot constraint

//

// Fit primary vertex with beam constraint

//

Int_t MinTrk = 1; // Minumum # tracks for vertex fit
1F (Ntr >= M1nTrk) i

VertexFit* Vtx = new VertexFit(Ntr, pr, cv);
Vtx—->AddVtxConstraint(xpvc, covpvc);

TVectorD xvtx = Vtx—>GetVtx();

delete Vtx;
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X-vertex pull

Vertex pulls

Entries
Mean

Std Dev
Underflow
Overflow
2 / ndf
Prob
Constant
Mean
Sigma

9907

0.004349

0.9952

0

0

3414732

0.365

7912+98

0.0005083 + 0.0100610
0.9962 + 0.0073

Y-vertex pull

Z-vertex pull

Entries
Mean

Std Dev
Underflow
Overflow
¥2 / ndf
Prob
Constant
Mean
Sigma

9907

-0.0162

1.003

0

0

39.58/35

0.2729

787.1£9.7
-0.01472 + 0.01009
1+00

Entries
Mean

Std Dev
Underflow
Overflow
¥2 { ndf
Prob
Constant
Mean
Sigma

9907

0.0004646

1.002

0

0

46321736

0.1165

789.8+97
-0.002937 + 0.010092
0.9963 + 0.0070

Vertex /N,

h_Chi2
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Entries 9907
Mean 1.005
Std Dev 0.386
Underflow 0
Overflow 0]
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Updated parameter

D impact parameter pull Phi0 parameter pull Half curvature pull
h D h PO h C

10* Entries 94223 10* Entries 94223 10° Entries 94223
Mean -0.0003527 Mean -0.004392 E Mean —0.001598
Std Dev 0.9983 Std Dev 1.004 o Std Dev 0.9983
Underflow 0 5 Underfiow 1 B Underfiow D

10° Overflow 0 10 Overflow 23 10° = Overfiow 0
F21 ndf 5377139 %2/ ndf 3115142 E ¥ ndf 49.55/39
Prob 0.058 Prob 0.2908 o Prob 0.1199
Constant 7525+300 102 Constant 7477 £29.9 B Constant 7524 +30.1

102 Mean 6425e-06 + 3256503 Mean -0.00442 £ 0.00327 I = Mean 00008504 + 0.0032560
Sigma 0.9985 + 0.0023 Sigma 1.005 £ 0.002 E Sigma 0.9967 + 0.0023

10 -
10 10 B
1 o
1 o
E (I IS I T | T T
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 5 8 10
Z0 pull Cot theta pull
n_ZU n_Ct

10 Entries 94223 10* Entries 94223
Mean -D.007171 Mean —0.003832
Std Dew 0.9999 Std Dev 0.9967
Underflow a Underflow 0

10° Overflow 0 10° Overflow 0
%2/ ndf 7374140 ¥2 / ndf 3319/41
Prob 0.0009166 Prob 0.8022
Constant 7520£299 Constant 7531+302

107 Mean -0.006212 + 0.003257 10° Mean -0.00405 +0.00325
Sigma 0.9989 +0.0023 Sigma 0.9872 £ 0.0023
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Get track momenta at vertex

Bool_t Mm = KTRUE;
VertexMore* Vmore = new VertexMore(Vfit, Mm);

//

// Get fit momenta momenta

//

TVector3 pRec = Vmore—>GetMomentum(i);
TMatrixDSym pCov = Vmore—>GetMomentumC(i);

FCC SW meeting, March 2023 5 F. Bedeschi, INFN-Pisa



Track momenta pulls

Momentum x pull Momentum y pull Momentum z pull
h_Px h_Py h_Pz
10* 3 Entries 94223 10* 3 Entries 94223 10* 3 Entries 94223
E Mean 0.0006927 E Mean -0.002637 E Mean -0.003316
) Std Dev 1 : Std Dev 0.9999 : Std Dev 0.9992
[ Underflow 0 B Underflow 0 i Underflow 1]
]
10 E Overflow 0 10° :- Overflow 0 10* 3 Overflow 0
C ¥2 1 naf 3466741 E ¥? { ndf 3567740 E 2 | ndf 34.08/41
: Prob 0.7469 : Prob 0.6657 : Prob 0.7694
1 02 | Constant 7509 = 30.0 i Constant 7506 + 30.0 i Constant 7513+ 299
E Mean 0.0005147 + 0.0032626 10% Mean  -0.002283 = 0.003263 107 3 Mean  -0.003767 + 0.003260
: Sigma 1.001+0.002 E Sigma 1.001+0.002 E Sigma 100
10 i i
E 10 10 3
3 L 5
1=
L 1 i
:|||||||||| ||||||||||||||||| ||||||||||
-0 &8 6 4 2 0 2 4 6 8 10 -0 8 -6 -4 -2 0 2 4 6 8 10 -10 8 6 —4 -2 0 2 4 6 8 10
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Skim tracks
//

// Skim tracks
Int_t nSkim = 0;
Int_t* nSkimmed = new Int_t[NtrG];
TVectorD** PrSk = new TVectorD * [1];
TMatrixDSym** CvSk = new TMatrixDSym = [1];
Double_t MaxChi2 = 9.;
For (Int_t n = 0; n < NtrG; n++) {
PrSk[0] = new TVectorD(*pr[n]);
CvSKk[O®] = new TMatrixDSym(*cv[n]);
VertexFit* Vskim = new VertexFit(1l,PrSk, CvSk);
Vskim—>AddVtxConstraint(xpvc, covpvc);
Double_t Chi20One = Vskim—>GetVtxChi2();
if(fprvx[n])hChi2SngP—>Fill(Chi20ne);
else hChi2SngN->Fill1(Chi20ne);

//

1F (Chi20ne < MaxChi2) {
nSkimmed[nSkim] =

; nSKim++;

}
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Fit skimmed

//

// Load tracks for primary fit

Int_t MinTrk = 1; // Minumum # tracks for vertex fit

std: :vector<Int_t> trnum;

if (nSkim >= MinTrk) {

‘ TVectorD** PrFit = new TVectorD * [nSkim];
TMatrixDSym** CvFit = new TMatrixDSym * [nSkim];
for (Int_t n = 0; n < nSkim; n++) {

PrFit[n] = new TVectorD(*pr[nSkimmed[n]]);

CvFit[n] = new TMatrixDSym(*cv[nSkimmed[n]]);

trnum.push_back(nSkimmed[n]);

}
delete[] nSkimmed;

Int_t Nfound = nSkim;

if(entry%500 ==0)std::cout << "Found tracks "<<Nfound << std::endl;
const Int_t MaxFound = 100;

Double_t Chi2lLL[MaxFound]; Double_t *Chi2L = Chi2LL;

VertexFit* Vtx = new VertexFit(nSkim, PrFit, CvFit);

//std::cout << "Vertex fit created " << std::endl;
Vtx->AddVtxConstraint(xpvc, covpvc);

FCC SW meeting, March 2023 8 F. Bedeschi, INFN-Pisa



. ] INFN
o= Primary finder (3) g

Remove Iiteratively large Chi2 contrubutions
//

// Remove tracks with large chi2

Double_t MaxChi2Fit = 8.0;

Bool_t Done = KFALSE;

while (!Done) {

// Find largest Chi2 contribution

TVectorD Chi2List = Vtx—>GetVtxChi2List(); // Get contributions to Chi2

Chi2L = Chi2List.GetMatrixArray();

Int_t iMax = TMath::LocMax(Nfound, Chi2lL);

Double_t Chi2Mx = Chi2L[iMax];

if(fprvx[trnum[iMax]])hChi2MaxP->Fill(Chi2Mx);

else hChi2MaxN->Fill(Chi2Mx);

if (Chi2Mx > MaxChi2Fit && Nfound > 1) {

' Vtx—->RemoveTrk(iMax);
trnum.erase(trnum.begin() + iMax);

] Nfound-—-—;

¥

else {

- Done = KTRUE;
¥
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Pull X vertex component

hXpull

Entries
Mean

Std Dev
Underflow
Overflow
¥2 / ndf
Prob
Constant
Mean
Sigma

9979

0.01696

1.33

7

11

1974783
2.626e-11
696.5+0.1
0.01618 £ 0.01132
1.118 + 0.009

Pull Y vertex component

hYpull

Pull Z vertex component

Entries
Mean

Std Dev
Underflow
Overflow
¥? [ ndf
Prob
Constant
Mean
Sigma

9979

-0.01624

1.264

113

100

138.1/80

Ge-05

703.9+90
-0.01583 + 0.01112
1.091+0.008

Entries
Mean

Std Dev
Underflow
Overflow
¥2 [ ndf
Prob
Constant
Mean
Sigma

9979

0.001219

0.9976

0

0

4915/ 36

0.07086

799+938
-0.001351+ 0.010009
0.9917 = 0.0070

Vertex 32N, .

hChi2
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Entries 9979
Mean 1.007
Std Dev 04088
Underflow 0
Overflow 0
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Available primary tracks

hTrPrim

Found vertex tracks

Found primary tracks

Entries 9979
Mean 9426
Std Dev 4.831
Underflow 0
Overflow 0

0 5 10 15 20

Found - available tracks

hT it

Entries 9979
Mean 0.6148
Std Dev 1621
Underflow 9
Overflow 30

I
=
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hTrFound

Entries 9979
Mean 1007
Std Dev 5.009

Underflow
Overflow

0
0
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Found vertex Chi2’s (T Ao

2 for single tracks ¥ 2 max contribution
hChi2SngP hChi2MaxP

Entries 94223

Entries 9850
Mean 2.018 Mean 5.403
Std Dev 2.031 Std Dev 3.918
Underflow 0 Underflow 0

Qverflow 0

Overflow 183

30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
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// Fit Ds vertex
VertexFit* vDs = new VertexFit(nDsT, tDsPar, tDsCov);
Double_t DsChi2 = vDs—>GetVtxChi2(); // Ds fit Chi2

// More fitting

Bool_t Units = KTRUE; // Set to mm

VertexMore* VMDs = new VertexMore(vDs, Units);

// Mass constraint if requested

Bool_t MCst = KTRUE; // Mass constraint flag
if(MCst){

‘ Double_t DsMass = pBsDs—>Mass; // Ds mass

Double_t DsMasses[nDsT]; Int_t DsList[nDsT];

for(Int_t k=0; k<nDsT; k++){

' DsMasses[k] = pDs[k]->Mass;

“» DsList[k] = k;

3

VMDs->AddMassConstraint(DsMass, nDsT, DsMasses, DslList);
“» VMDs->MassConstrFit();

}
TVectorD rDv = VMDs—>GetXv(); // Ds vertex
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Ds X-vertex pull Ds Y-vertex pull Ds Z-vertex pull
h_DsXv h_DsYv h_Dszv

Entries 18312 Entries 18312 Entries 18312
Mean -0.01801 3 Mean 0.008712 3 Mean —0.005315
Std Dev 0.9986 Std Dev 1.003 Std Dev 1.001
Underflow 0 Underflow ] Underflow 0
Overflow 0 Overflow 1 Overflow 0
K21 ndf 43.84/38 ¥2 ! ndf 3302737 ¥* I ndf 4565737
Prob 0.2376 = Prob 0.6562 Prob 0.1555
Constant 1466 £13.3 Constant 1456 + 132 Constant 1463 £132
Mean —0.01488 £ 0.00737 Mean 0.008504 £ 0.007421 Mean —0.00443 £0.00738
Sigma 0.9943 + 0.0052 Sigma 1.002 + 0.005 Sigma 0.9964 +0.0051

T

T

S

Ds X-momentum pull Ds Y-momentum pull Ds Z-momentum pull
hDsPy
Enfries Entries - Entries 18312
Mean 3 Mean Mean -0.004115
Std Dev Std Dev Std Dev 1.007
Underflow 0 Underflow o Underflow o
Overfiow 0 Overflow o Overfiow o
24 nof 2598137 , #* I ndf 496138 #24 ndf 3141136
Prob 0.9126 Prab 0.0085 Prob 0.6866
Constant 1453 +131 Constant 1443+ 130 Constant 1449+ 13.1
Mean 0.005226 + 0.007441 Mean 0.002959 + 0.007480 Mean —0.004048 + 0.007458
Sigma 1.004 = 0.005 Sigma 1.01+001 Sigma 1.007 + 0.005

|||I PP P PR PR | S T
) 3 2 4 [ g
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//
// Load Bs tracks

TVectorD* tBsPar[nBsT];

TMatrixDSym* tBsCov[nBsT];

TVectorD par(5); TMatrixDSym cov(5);
TrkToVector(tBs[0], par, cov);

tBsPar[@] = new TVectorD(par); // Bs pion
tBsCov[@] = new TMatrixDSym(cov);

tBsPar[1] = new TVectorD(VMDs->GetVpar()); // Ds from previous fit
tBsCov[1] = new TMatrixDSym(VMDs—>GetVcov());

//

// Fit Bs vertex

VertexFit* vBs = new VertexFit(nBsT, tBsPar, tBsCov);
vBs—>SetStartR(RDs);

Double_t BsChi2 = vBs—->GetVtxChi2();
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Bs mass (GeV)

h_BsMass

Bs mass error

Entries 18312
Mean 5367
Std Dev  0.005008
Underflow 0
Overflow 0

2

Bs mass pull

T_Bshpan
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Entries
Mean

Std Dev
Underflow
Overflow
¥2 | ndf
Prob
Constant
Mean
Sigma

18312

-0.005064

1.009

0

0

43.33/38

0.2544

1445+ 132
-0.005403 + 0.007472
1,000 +0.005

h_BsMerr

Entries
Mean

Std Dev
Underflow
Overflow

18312
0.003778
0.00339
0

0
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