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Impact Parameter Measurement: dO

o Stable particles: zero impact parameter:

o Short-lived particles: Decay products have non zero impact parameter:

Finite impact parameters Secondary vertex




The dO: Beam line o , Pt

o The dO with respect to what? S — o >0
15 secondary vertex track direction
o ATLAS global geometrical frame e
o Could be different from LHC Beam Line L -+ Primary vertex
- Beam spot position: seam e conter
o Beam spot position is very well known g o goii’ir_;;;m';,,;tsu;;, e
o Default in the ATLAS software
o Gives global reference frame for which it &“
can be defined for any vertex, and for g{ggj;
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Figure 14{The width|of the beamspot in the x-direction across time for the different years. Note that most of the data
comes from the latter years and the latter part of 2016.



The dO: Primary vertex

o The width of the beam in the x, y plane is not negligible and therefore it could be advantageous
to correct the dO value for the position of the primary vertex.

o Significant improvement in the resolution of prompt probe muons:

o dO resolution depends on the PV resolution of the event — as it is then a convolution of the muon track resolution 7" beom lin VL
and the PV resolution; ,

"P\/ X
o the PV position is biased by the muon track itself as the PV position is a weighted fit of all the tracks (and the
beam-spot position). —
o There can be a bias between the Z events used to calibrate d0 and the signal events due to the w:rromptov: e
difference Iln the PV resolution and the difference in bias of the PV position due to the probe ‘= %
muon track. e

102

o There is always another high pT muon in ZR while in the tt sample there are b-tagged jets and >
another high pT lepton - vertex resolution will be different.

o The fractional contribution, and hence directional pull, of the probe track will also be different g
> These cause an issue as the calibration of dO relies on closure between Z and tt I L I
° ‘g , | | | | | —&— prompt u from ¢t ¢ % 1 —&— prompt u from ¢ II 3
o Larger smearing effect from the beam g0 20<pm<socer | —somume EEL Mol eae | =i [
spot size in the Monte Carlo then in the =~ Beam line S0k Primary vertex
data: E 3
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Primary vertex algorithms: Runl and 2
IVF

Selected tracks

New vertex seed

: Add tracks to fit due
. to significance
L}

Remove compatible tracks
from seed pool
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Iterative Vertex Reconstruction(IVF)
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Input:
o Beam spot location and size

o subset of reconstructed tracks passing a quality selection designed to
remove poorly-measured and fake tracks

o Uses signed radial and longitudinal impact parameters of reconstructed
tracks, d0 and z0 respectively, measured from the center of the beam spot

Seed-finding:
o Based on “Fraction of Sample Mode with Weights”

o recursively scans a weighted histo%ram of z0 to estimate the point of
maximum track density along the beam axis

Track to seed assignment:

o After a seed is found, the set of nearby tracks to fit is chosen based on
impact parameter significance

124/02(do) + 72(z0)

Fitting
o fit using an adaptive Kalman filter

o Qutliers are progressively de-weighted using a deterministic annealing
schedule and the weight function

Acceptance/rejection

o The new vertex candidate is accepted if the number of degrees of freedom
(accounting for final track weights) is greater than three and at least two
tracks used in the fit have weights greater than 0.01


https://cds.cern.ch/record/2670380/files/ATL-PHYS-PUB-2019-015.pdf
https://arxiv.org/pdf/1611.10235.pdf

Primary vertex algorithms: Run3 ATL-PHYS-PUB-2019-015

Adaptive Multi-Vertex Fitter (AMVF)

o The idea: extend deterministic annealing to
allow tracks to have weights with multiple
-------------------- vertices simultaneously

Remove compatible tracks ;
from seed pool !

o As each new seed vertex is added, refit all
previously found vertices that are linked to it
(directly or indirectly) by shared tracks

Add tracks to fit due to signficance
within wide z window

o Very loose track/vertex assighment cuts
> +5 mm (!) in original (Run-1) version

Fit new vertex candidate along with
any linked previously fit vertices (fit
constrained to seed width)

N

Remove outliers, compare K
against previously fit vertices

o The fitter is supposed to decide which tracks belong
with which vertices

o For stability of weights, tracks given notional 3 o
compatibility with “unassigned”.


https://cds.cern.ch/record/2670380/files/ATL-PHYS-PUB-2019-015.pdf

Thanks for attention!




BackUp

o Life time: 1=0.1- 2 ps.
o Popper range: Ct =30 - 600 um.

° Range in laboratory:
o yCt =0.3 mm - 6 mm (for a 80 GeV W meson).

o Decay occurs in the beam pipe (a diameter of few cm).




The dO: Introduction

We define 3 types of tau decays

(e]

o prompt (W) leptons are leptons produced in W — v decays 3 10
° tau are leptons produced in the leptonic decay chain W — tv - lv g ffsmgw
aKke
° promptf(non W) are leptons from 79 or other EWK process where these leptons do not originate from W
decays: for example di-boson, single top or tt process. N
o fake are reconstructed leptons from all other sources, including wrongly identified leptons. \
o Use dO definition with respect to Beam Line o -
do(2) [mm]
o Bias and mismatching Data/MC for dO resolution:
o Needs to be fixed, and validated (next slides) Eq0’F T T T T T T T
= ATLAS Work in Progress = Data e s By
: o 10° - aope’, (s=12TeV =
° No d0 and/or z, cuts been applied S 105 L bow <> Aur2 = haERn e

W Z-> 77 (4465.44 : [0.16%))
Diboson (3012.76 : [0.11%)])

o For now we have tot of bad reconstructed vertexes and cosmic background o

~ 10* ey Tt
o Will investigate| zysin(Theta)| cuts £ 10° -
: : o 107
o For now we derive and apply dO corrections for prompt and tau decays separately - 10

o Needs to take life-time into account

(e]

Performed as a function of pT and eta bins: 1.2 “ﬂ} ' |+ I ﬁ—
o 27 kinematic bins in total for prompt = use ZR as control region 1L ] ? __++ Piripe | |
o 8 kinematic bins in total for tau = use ZttR as control region } t” # } $ + ﬁ'}*
e : 0-8..+.+.+|+§r...|...tf.|.+..+.
Assume that core dO distribution is a Gaussian 02 01 0 0.1 0.2
> The dO tails has non-Gaussian nature! lep, d, [mm]

Data / Model

(e]
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Slice to 27 kinematic bins in total N =n,, +9 * n,
o Derive bias corrections 2 -9 p bins
o apply directly to the Data SR - [20-25), [25-30), [30-35), [35-40), [40,45), [45, 50), [50,65), [65-80), [80- 250)
. . . * 3 nH bins
o Derive Data/MC resolution corrections 2> 70,08, [0.81.5, [1.52.5
o apply to the SR prompt MC samples
o Use ZttR for leptons originated from o 5 P 7 0 2 7 P
tau decays [0, 0.8) 3.320 5.577 6.957 10.322 8.716 11.193 9.556 2.995 2.667
o Slice to 8 kinematic bins in total S e T s e e T T
o Derive Data/MC resolution corrections = Ny =Ny, +4 * ny,
o apply to the SR tau MC samples - 4pr bins - 2 1* bins
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basis: 9 o:(RD)
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(do) ;; 0ij(MC) + (do — do;; ) o, (MC)

where (7(),~j(MC) stands for mean value of dj distribution in Monte Carlo



The dO studies

in ZR

« 9 p} bins « 3 bins
= [20-25), [25-30), [30-35), [35-40), [40,45), [45, 50), [50,65), [65-80), [80- 250) « [0, 0.8), [0.8,1.5), [1.5,2.5)
3 2

- x”i,n‘s\;v L .p~ —T T | Ea— T L s e - x1,0, ——TT— T T Ema— E103!" e .

—_ TLAS Work in Progress o Mean_Data — ATLAS Work in Progress * R D: 10’ p ATLAS Work in Progr = Pl e imod vy N

E p.o _'fl"; !,:,,2"’ TeV + Mean_Simulation E 18 s L“’D- !fm"?'”"‘g - R::g:Si?rl::lalion 'C‘E> 185; :z’:qo"’"" en13TeV Eé;é—:ﬁ: :‘r?\a“ =

o 3 — r T o 10° - Low <> Run2 %% Wiy pony

5 = . -1 [ . ~— 104 - - St Urcent 1

3 Bias g Resolution . 210! 8 !

s 3 16 + § S0 1

° 2 v |

* + 5 v v
" X + + $ ¢ N + | + | S * . v ¢,
v S 1, " bao oo o L MIISSERHNEN,
o 1 + v Y Y9 v vy N f + L] . v , . Vv . . v % * T || T
N + Yvvvw, * 4 i + + . ° v ° v L4 ° v § Re), + + |
m + N * v + o . v . . Y . v ~ 1_” +++’ -y |
< r ARRANE 2= ' . R o ""++ )
0 B S 0.5 * »
Il PN I T T S ' TN T Y SN TR S ST T S W lTA — | 4 1 | ' 1 “ e T TN TN N S T SO T | 1 1
0 5 10 15 20 25 0 5 10 15 20 25 B2 04 0 0.1 0.2
Kinematical Bin Number, n_ Kinematical Bin Number, n_ lep, , d [mm]
x10® X107

- T T T T T T T T T hay T L — T — T B B e L S e e e e e e e e e B
:‘ ol 'Ork In Progrs s -1 '\— OrK in Progress E 7 Data (465534 00 (100 h 1
£ ?s;fz‘;slv:ﬁ:;ﬁ"s . > Mean-Smuiation - S 18 (3)%75 ngsu':;ﬂc\? . e aation g]gs g.é,‘,f.,’:“v"."f ey ;ﬁ;’ii’&‘i}"%g??ni
‘E' ‘E‘ o 103 Low <> Run2 p“. =E;’;ué‘(::3’! llzan.g 1
b5 Foo . S i 10 |
g o5/} Bias 1 35 4 Resolution + 1 2 182 L :
: s 4 , o TR

o ,

]
0Hl+41H Hhulll\l%l“ “Cy, f . 0% R
' |

1 L ARRARAN AN LRARAARN AARARNAI SO SR oF SR
& 02 . . . < S |
© . B ' o 5 t ‘

_0'5_1 PO SN TN N TN ST NN SN [T TN ST T TN Y TN SN SN W (SO SN T SO T | A— [ P - 1 ' | t e TN TR TR T S T S PN T T N S 1

0 5 10 15 20 25 0 5 10 15 20 25 —%.2 -0.1 0 0.1 0.2
Kinematical Bin Number, n Kinematical Bin Number, n lep . dg" [mm]
k k p0,1

> No d0 and/or z, cuts

o Lot of bad reconstructed vertexes and cosmic background on the tails



« 4 ph bins « 2 n* bins
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o Lot of bad reconstructed vertexes and cosmic background on the tails




Appling dO corrections to SR
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The dO studies: extended range
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QCD_MC

(DSID’s 3612_50, 361251)

The dO tails in extended range
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o We see perfect Z peak in the dO tails in ZR

o For SR we verified that difference comes not

from MJ background

o Next steps:

o investigate cuts |zO0sin(theta)| < 0.3 and |d,|<0.5
o look at the track/vertex fit related variables to see

if there is any handle we can use



The dO correction

|lep_0 deltaZOsinTheta|<0.5 && |lep_0 corrd0]|<0.5
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o Needs to apply dO resolution corrections from ZR to Wtau and Ztt MC samples

o For now we use ZttR corrections



Another approach?

> The Top group analysis used template method R o s e Sl i
1 10-15 7 50 -65
o For prompt leptons: ; 2025 ; 100- 250
4 25-30 10 > 250
o Deterlmin_e shape of |dO| in 27 kinematical bins from data using Z — 5 30-40
Uy selection Inlbinnu(;nber(nn) I%Ijﬁge - ) 1 2 I
o subtract remaining backgrounds estimated in MC ! 0815 F™(do) = g{;;rﬁ F;j' (do)

o use shapes as prompt muon templates in signal region
o residual resolution correction from data

o Systematic uncertainty due to application of |dO| shape from Z boson
decays to tt signal region

o estimated by ratio of |dO| between tt and Z — uu \/| After random smearing:
ofjm = ./lo

2(RD) - o2(MC sm ns
o For leptons produced in tau-lepton decays R A
o Use templates from the “tau” MC sources in the SR If 0i(RD) > 0:(MC),  Fj(do) = f;;*(do) + 6;(do) = f;;™ (do).
o Apply resolution correction only If 0;;(RD) < 0y;(MC).  Fj;(do) = £;;"(do) — 6:;(do)
o Check of Impact parameter of T-decays leptons with Z — 77 region

11 2
F(do) = )" " 1 Fj(do).
o We have small ZttR statistics: =0 =0
o 2k events vs. ~¥270k in Top analysis for Run2 data

o |t would be hard to make validation with ZttR




