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Why Kinematic refit?
- \ Polarization in pp reactions

Coordinate System

Previous study:  Dheam X Pa

|ﬁbeam X ﬁAl , Y

e Polarization of A Hyperons In Proton-Proton Reactions At 3.5 GeV g

Measured With Hades, PoS(INPC2016)275

production plane

P-polarization /
d—N = C(l —I— aPCOS(Z)) C-COnStant ﬂ‘\/
dcos (Z) o-decay asymmetry beam axis

primary \
vertex
\

parameter of A decay

e Difference between generated and
reconstructed polarization angle
show large uncertainty

e Kinematic refit might improve
resolutions and hence results



Constraints

e Kinematic fitting based on Lagrange multipliers has been
implemented in Hydra (HADES Software)

* Constraints: N
* Invariant mass
 Missing mass > Waleed Esmail
* Primary Vertex y

e Decay Vertex with
4 Momentum Conservation (currently being implemented) Jenny + Jana
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Procedure, Lagrange Multiplier Technique
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Equations f- constraint function
Xz — (y — n)TV_l(y — T]) = minimum n — set of measured quantities
¢ — set of unmeasured
fK (771»772: < 1IN Stl» 52; ey f]) =0 quantities
y- vector of fitted quantities
f(77; f) =0 A- Lagrange multiplier

X> =@ -m"V1y—n+21" f(n,¢) = minimum

7

Finding parameters minimizing equations

> ==-2V"'(y-m)+2F1=0

n

Vex? = 2FF1=0 G 0
T (=5 (g = 5

x> =2fm& =0 ‘




Procedure

Solution can be found iteratively
@ E\H—l — EV _ (FETS_lFE) —11;'2'1"5—1r
@ }\V+1 — S—l[r_l_FE (EV+1_EV)]

@ T]V+1 =y — VF{)\\H_l

_ _ _ _ _ T
VL = VY — VYRS R, — ((FTS™Fe)(Ff S™*Fg) “*(FTS™1F) )] VY
where

r=f+Ey-1") S=RSHE



Track Representation and Constraints

4 N[

Invariant Mass Constraint, 1C fit

1 _r2 _p2_D2_ D2 _ M2
(_’ 6,0, R Z) d=E*—P?—P?—P?—-M
p P, =P -sin(0) - cos(p)

p — particle momentum Py, =P - sin(8)- sin(¢)
0 — polar angle P, =P - cos(0)
¢ — azimuthal angle — m

R- closest distance of track to beam line

Z- closest point along beamline

\. /




Track Representation and Constraints

7

(1 0,9, R Z)
) ;QD; )
p

p — particle momentum

0 — polar angle

¢ — azimuthal angle

R- closest distance of track to beam line
Z- closest point along beamline

N

/

7

J0]J9\ UOI}d3all(]

Primary Vertex Constraint, 1C fit
a=(dy X d3) - (by — by)

|d|/|d; X d,| — closest distance between tracks

d, =sin(B): cos(¢)
d,, = sin(8)- sin(¢)
d, = cos(0)

(dq X d3)

10109\ aseq

b, = R- cos (go +§)
by = R: sin (go +§)

b, =1z

on
[EEY

N




p(3.SGeV)p—>pK+/\, A->prt

100 000 Pluto events

Geant Particle ID used to identify p, " and K*
* Only combinatorial background

Mass constrainton pand it

Primary Vertex Constraint on p and K*

One iteration in Fitting procedure




Counts
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Pull Dlstr|but|ons Mass Constramt

Yi — i

Zi=

Vo) —o2(ny)
Ideally N(0,1)

Effects of probability cut.
Eff. loss: 71%

_H — hPullTheta
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Pull Distributions, Mass Constraint

Yi — N Effects of probability cut.
VA i =
2 — 2(n. Eff. loss: 71%
\/ o (y i) o (T] 1)

wn C hPullPI hPullPInvCut
Id ed l Iy N (O, 1) T 250 Entries — 21490 250 T e 6312
8 L Mean 0.01543 Mean -0.05332
C Std Dev 1.725 Std Dev 1.109
© 200— PrE'Cut 2/t 664.6/ 97 200 POSt-Cut 72/ ndf 128.7/49
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Pulli/Py) PUII(1/P )

* Pull distributions have slightly larger o than expected

* Applying P(x?) cut reduces o but brings mean further away from 0
12
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Counts

X% Primary Vertex Constraint
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Pull Distributions
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Pull Distributions

£ 350

§ 300

2, = Yi —Ni 050
\/02(%‘) —0o*(M;) 200

150

Ideally N(0,1) 100

50

Effects of probability cut.
Eff. loss: 27%

e Pull for R needs to be explained

e Pull distributions have slightly
larger o than expected

* Applying P(x?) cut reduces o
and brings the mean closer to 0

Pre-cut
Mean: 0.048
o:1.553

hPullZ

13310
0.03656
1.691
660.9/97
270+4.0
0.048 £ 0.015
1.553 £ 0.017

0 3 4 5
Pull(Z)
700 hPullR
- Entries 13310
- M -1.
600: Pre_cut Sl?:lagev ?I;:g
500
4001
300
200
100f-
Oilwww\\\\||\\||||||||||||mhm_tu#w
V54 3 2 1 5 3 4 5

Counts

Counts

350
300
250
200
150
100

- Post-cut
— Mean: 0.03

Q

=
N
(00]

hPullZCut
Entries 9657
Mean 0.022
Std Dev 1.138
%2/ ndf 101.3/49
Constant 3109+ 4.4
Mean 0.02985 £ 0.01478
Sigma 1.28 + 0.02

Pull(Z)

Post-cut

hPullRCut
Entries 9657
Mean —0.8359
Std Dev 0.7722

m_l\ll‘l\\l‘\lll|\\H|IIII‘IHI|IIII|

A
.

|\_2\\\|




p(3.SGeV)p—>pK+/\, A->prt
Next Steps:

Apply decay vertex and Momentum Conservation constraint for p, m and A

Use together with additional constraints




Decay Vertex Handling

Presently: Point Of Closest Approach
* Calculate minimum distance between
charged tracks
* Charged tracks rejected as pairs if too
far from each other

Question: could a decay vertex, utilizing

momentum conservation, fit improve the
momentum resolutions and hence the
analysis results?



Track Representation and Constraints

- Primary Vertex Constraint, 1C fit h
a=(dy X d3) - (by — by)
o |d|/|d; X d,| — closest distance between tracks
g d,, = sin(8)- cos(¢p) ém'? by = R- cos (90 + g)
5 d,, = sin(8)- sin(¢) % b, = R- sin (go + g)
& | d,=cos(6) S b,=2
§' =
(dq X dj) i
Evaluate 8 and ¢ at P(r") and P(p) b, I
Or Evaluate 8 and ¢ at P(mid) i
Work In Progress! i
\_ /




4 Momentum Conservation In Decay Vertex

Constraint Eqgs. f, with measured, n,

s
and unmeasured, ¢ , quantities:
fK (”1’”2""'”1\/'51’62’""6]) — O /\ ™ 1Lk
where -
ﬁ)=(PT[—,BT[—,(PT[_;Pp;ep;(pp:eA '(p/l) p
? = (PA) P - need start value for iterations
GA=arccos(§) 4C flt
@ A=arctan(z) . . .

x f1 = —pasinfrcospp + pr-$inb - cosp,- + ppsindycosp, =0 (pz)
where . . . : : :

Jo = —pasinlsingp + pr-sinl,- sinp,— + ppsinbysing, =0 (py)

r=\/(x2 + y? + z2)

f}; = —pACOSOA + prCOSe,,T* + ppCOSHp — O (pl)
X,Y,z — coordinates of

calculated decay vertex fi=—\/Pi+mi+ \/pfr_ +m2_+4/pi+m2=0 (E).




Comparison to PandaRoot

4C Fit

PandaRoot

Constrain the final state particles to pbar-p system

Benefit: pbar-p system known basically without errors

Hydra
Constrain final state particles to intermediate state, e.g. A

Benefit: do not need all final state particles but only A decay products



summary

* Kinematic fitting procedure based on Lagrange multipliers exist

* Constraints: invariant mass, missing mass, primary vertex, invariant mass +
primary vertex

* Results of mass and primary vertex constraint look promising for the
channel p(3.5GeV)p->pK /\ N\-> pTt

Outlook

* Finalize implementation and testing of decay vertex fitting procedure and 4
Momentum constraints

e Covariance matrix need further optimization
* Optimization needed for stopping criteria for number of iterations
* Apply for spin observables measurement in decay A—>prt



summary

* Kinematic fitting procedure based on Lagrange multipliers exist

* Constraints: invariant mass, missing mass, primary vertex, invariant mass +
primary vertex

* Results of mass and primary vertex constraint look promising for the
channel p(3.5GeV)p->pK /\ N\-> pTt

Thank You for your attention!
Laestions?
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HAD ES Setu p FAIR Phase-0 Upgrade

EMC:

improved energy information for
electrons and leptons

Straw Tracker:
Based on PADNA ST

RPC:
7° . — Resistive Plate Chambers
TOF information

15°

Straw
Tracker RPC

1 meter |
I 1




Example Constraint Function

From:
https://hades.qgsi.de/sites/default/files/web/media/documents/thesis/Diploma/Exclusive analysis o

f the Lambda(1405) resonance in the charged Sigma-
pi decay channels in proton proton reactions with HADES Johannes Siebenson 2011-

Jan.pdf

H(a)

26


https://hades.gsi.de/sites/default/files/web/media/documents/thesis/Diploma/Exclusive_analysis_of_the_Lambda(1405)_resonance_in_the_charged_Sigma-pi_decay_channels_in_proton_proton_reactions_with_HADES_Johannes_Siebenson_2011-Jan.pdf
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Pull Dlstr|but|ons No Comb
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Effects of probability cut.

Eff. loss: 23%
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Pull Distributions, No Combinatorial Bkg.

Yi — i
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