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Isolation Cut

L2 -

Matt S. developed Isolation Cut for 2016 Displaced Vertex Analysis
If Track picks up wrong hit in L1 that is closer to the beam-axis,

False vertex

Track picks up
wrong hit

Target

can falsely pull reconstructed vertex downstream

‘Isolation’ value & is distance of next closest hit on sensor away from

Large Scatter

beam-axis

Take Track, get L1 hit, check if there's an alternative SiCluster in the
event that could have ended up in the Track

If Track uses alternative L1 SiCluster instead, is Vertex more

Layer 1 Layer 2

consistent with prompt event?

Use geometric relationship between 6 and z0
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Isolation Cut

Cut requires Z0 track parameter at Target
* Added KF TrackState at target to hps-java
Also uses Z0 error to account for multiple

scattering

* Added covariance extrapolation to target

TrackState in hps-java
2016 Isolation Cut:
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2016 analysis uses nggma = 3.0
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Isolation Cut — KF Isolation Value

2016 Displaced A’ use GBL Tracks (3D hits)
KF tracks use 2D hits

* Requires new calculation of ‘isolation’” &
Axial hit determines Global Y position (Z0)
New KF Track Isolation:

* Get KF track 2D SiClustersOnTrack

Select L1 Axial SiClusterOnTrack

Use SiCluster Global Y position

Look at all other L1 Axial SiClusters in event
Select alternative SiCluster to measure track

‘isolation’ O
Need to determine alternative SiCluster

position /time/charge/quality constraints...

Alternative
SiCluster

Layer 2




KF Track Isolation Requirements

KalmanFullTracksAtTarget SiClusters LOT t h

Mean 1.55
Std Dev 7132
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3000— Entries 37422

* Note: 'LOT " is L1T__Axial

* Apply loose time cut on potential 2000
alternative SiClusters of 4+-30ns

* Could probably tighten this...
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KF Track Isolation Requirements

Don’t select ‘adjacent’ SiCluster as isolation hit KalmanFullTracksAtTarget_track_hit_adjacent cluster LOT dt h
* Adjacent hit likely belongs with hit on track g T
Plot shows: given SiClusterOnTrack, look for @ '~ SiClusters T
: : : . - adjacent to Entries 3006
alternative SiCluster that contains adjacent 1 Axial hit Mean =~ 048
RawHit (use RawHit strip number) o on track
Hit recon uses 8.0ns hit cluster time window -
Clustering time window looks like it could be 60;
larger... o
Increase recon cluster time window to 24.0 ns 20—
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KF Track Isolation Requirements

Don’t select ‘adjacent’ SiCluster as isolation hit KalmanFullTracksAtTarget_track_hit_adjacent_cluster LOT dt_h

* Adjacent hit likely belongs with hit on track ¢ [

Plot shows: given SiClusterOnTrack, look for 4 p Si_C"‘Sters _—
alternative SiCluster that contains adjacent 100 :(lijaAc;:It :::1 e g
RawHit (use RawHit strip number) ® - on track =
Hit recon uses 8.0ns hit cluster time window soi St ps
Clustering time window looks like it could be " After 24.0 ns

larger... 90— clustering

Increase recon cluster time window to 24.0 ns 20— window

How does this change impact Tracking and - YT MM LA —
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8.0 to 24.0 ns Hit Cluster

Window

* Plot shows all SiClusters charge
(for L1T Axial)
* Less SiClusters (ofc) with larger

Events

cluster window

* Better resolution between low
charge (noise-ish) hits, and
signal...(l think...)
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KalmanFullTracksAtTarget_SiClusters_LOT _charge_h

= 8.0 ns Hit Cluster Window

= 24.0 ns Hit Cluster Window Enties 538307
= Mean 1134
— L Std Dev 694.9
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— Mean 1246
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8.0 to 24.0 ns Hit Cluster Window

KalmanFullTracksAtTarget_hitsOnTrack_LOT_charge_h

& i
_ B tri 37422
* Plot shows SiClusters On Track - Moar oo
. B Std Dev 602.5
charge (for L1T Axial) 800~
. y . . B Entries 37039
* Less ‘apparent’ noise hits on sool_ Mean 1327
_|_ k L Std Dev 627.2
rac - ) .
- 8.0 ns HitjCluster Window
* At least as much signal 400~
g - 24.0 ns Hit Eluster Window
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8.0 to 24.0 ns Hit Cluster Window

KalmanFullTracksAtTarget_hitsOnTrack LOT t h

CICJ E KalmanFullTracksAtTarget_hitsOnTrack_LOT t_h
@[ 1600 Entries 37422
. I Mean 1.555
* Plot shows Track time for L1T 1400 StdDev  7.126
. 1 200 ; KalmanFullTracksAtTarget_hitsOnTrack_LOT_t_h
Axial - Entries 37039
. . . 1000 — Mean 1.645
* No loss in track time resolution 000C _ StdDev 6975
500 0-0 ns Hit Cluster
using larger clustering window “94.0 ns Hit Cluster
: 600
(at least for this sensor...) -
i : : 400 —
* Slight reduction in N Tracks -
200
~1% -
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Events

8.0 to 24.0 ns Hit Cluster Window

KalmanFullTracksAtTarget_n_tracks_h KalmanFullTracksAtTarget_sharingHits_h
C | @ —
— KalmanFullTracksAtTarget_n_tracks_h (Lé — KalmanFullTracksAtTarget_sharingHits_h
- 41 Entries 100000 s Entries 437614
10* == Mean 2.181 Mean 0.5984
E Std Dev 1.2‘53 10° — Std Dev 0.8122
: KalmanFullTracksAtTarget_n_tracks_h - - ° KalmanFullTracksAtTarget_sharingHits_h
. Entries 100000 C 8.0 ns Hit Cluster Window Entries 432596
L= Mean 2.154 B . . Mean 0.5963
3 Sciben Loy - 24.0 ns Hit Cluster Window [StdDev  0.7997
0 . . 10t
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C i C
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Ntracks C | | ‘ ‘ ‘
All Tracks nShared = 0 SharedLy0 SharedLy1 SharedLyOAndLy1 SharedOthers
sharing hits

* No more events with 0 Tracks using 24ns window

* Fewer events with high track multiplicity using 24ns window
* Slight increase in Shared L1, L2, and L1+L2 hits on Track




8.0 to 24.0 ns Hit Cluster Window

vtxana_kf_Tight 2016_simp_reach_CR_cutflow vtxana_kf_Tight_2016_simp_reach_SR_cutflow
x10° x10°
1200 Entries 3016402 1000~ Enties 3007257
- Mean 1.405 I Mean 1.47
I Std Dev 1.44 900 = Std Dev 1.551
1 000 — vixana_kf_Tight_2016_simp_reach_CR_cutflow : ‘
| Entries 2952019 800 — vixana_kf_Tight_2016_simp_reach_SR_cutflow
B Mean 1.425 — Entries 2936493
— StdDev  1.443 700/ Mean 1483
B - Std Dev 1.55
B 600 —
60— 8.0 ns Hit Cluster Window =
B 500
w0 24.0 ns Hit Cluster wor. 8.0 ns Hit Cluster\Window
- so-  24.0 ns Hit Cluster Window
200 =
C | | | | -
no-cuts 12, <10 LALT P, +P,<24[GeV] P,+P,>1.9GeV N=t 200 = ‘ ‘

no-cuts 2, <10 LAL1 Py+P,<19[GeV] P,+P,>1.0GeV N,p=1

* Check impact of window change on Vertexing
* Note: Red and Blue colors swapped (whoops)

* Not much change in final number of vertices




Isolation Cut Definition




Isolation Cut Definition

2016 Displaced A’ Isolation approximates ratio (L2, — L1,)/(L2, = Ziaget) = %
0 + %(:{] — 1 zg) = 0

Actual ratio ~0.41, replace ¥ with ‘R’
0+ R(zo —ngAzp) = 0

Can be re-arranged into a square cut on Nggma
| ) 2
— () + () > 1,
R Az Azp
A + B >ng

Square cut on sum of two variables A + B > nggma

Look at each component...




recon z [mm]
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Isolation Cut

Run Vertex Analysis on KF data sample

vixana_kf_Tight_loose_vtx_track_2016_ana_isolation_cut_hh
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Isolation Cut

3

* Rearranged lIsolation Cut Variable

P
Az Az

A + B > Ng

If

1 ) >
R

vixana_kf Tight loose vtx track L1 _reconz_v_isocut hh
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recon z [mm]

Isolation Cut

* Compare Displaced A’ Isolation Cut (nsgma = 3.0) > 0

| ) 20

* To new arrangement (nsgma = 3.0) —(—— ) + (——) = n,
R Az Az
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vixana_kf_Tight_loose_vtx_track_L1_isocut_reconz_v_comp_A_hh vixana_kf_Tight_loose_vtx_track_L1_isocut_reconz_v_comp_B_hh
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Isolation Cut

* Quick look at 60 MeV Vp
signal vs background

* Checking simple square
cut on track isolation O,
and track z0 error

* Need to run these through
the ZBi cut software...let
them compete against
eachother

* Check how isolation cut
performs in addition to
Impact Parameter Cut
(not applied here)
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Parameter’ cut...maybe
using Az0Q gainsus — *

something...
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Summary + Next Steps

* Have track parameters and errors defined at target
* Opened hit recon clustering window from 8.0ns to 24.0ns
~— Looks like an improvement to me..thoughts??
* Track isolation slightly different for 2D hits (KF) than 3D hits (GBL)
— Added to hpstr
* lIsolation Cut can be rewritten as square cut on ng
* Plan on testing Isolation Cut value with ZBi Optimizer Tool
* Test components of Isolation Cut against each other
~— Does Track isolation add much, or is z0 error pulling the weight
* Test Isolation Cut against Impact Parameter cut
* Test Isolation Cut for a few masses

* What does Invariant mass vs Recon Z look like with 10% data given Impact Parameter

(Zalpha) and Isolation Cuts at this stage?
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KF Track Isolation

* Isolation O is just AY between
SiClusterOnTrack and next closest
(non-adjacent) SiCluster

* Plot shows isolation versus dt
* Pretty wide time residuals...

— Not sure how common it is
for there to be another
SiCluster that is further away,
but closer in time to the hit
on track (hence more
appropriate to choose)

— Time resolution isn't great
anyways...probably cant make
that call
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KF Track Isolation

* Plot shows isolation vs dCharge for

. . Kal FullTracksAtT k_hit_altstri h hh
a” alternatlve SlClusters almanFullTracksAtTarget_track hit_altstrips_dcharge_v_dy_|

(&)
o
o
O

ImanFul TracksATarget_track_hit alistiips_dcharge v_dy_hh

v =y Entries 156733
"»] Mean x 9.953 *
| Mean y —95.92
i1 StdDevx 9.218 |,

4 Sthevy 1316 [
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If dCharge > 0, alternative 4000 '.1_.'._. % .J:J'"-'-. a

m
o0
S
SiCluster has more charge than hit 5
<

10?

3000 RS

(trackhit - altstrip) ACharge

on track

2000] ek
* If dCharge < 0, alternative hit has 1000 E
less charge than hit on track 0
* No conclusions here, but reminder ~1000
to think about using SiCluster ~20008
charge in the decision making ~3000
maybe...? 4000
~5000 e 25 30 35 40

abs(trackhit - altstrip) AY [mm]
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