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Introduction
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* Focus of reconstruction efforts has been on preparing
and improving performance of 2021 dataset

- Alignment of SVT detector (see talk tomorrow)

- Implemented and tested data reduction scheme

- Assessment of track reconstruction efficiency

- Stability of track and cluster times as a function of run
- Derived vertex (x,y) positions from 2D beam spot fits

* Throughout the process, we identified (and largely fixed)
various issues with software and specific runs

* Moller mass analysis from recent reconstruction of the
10% Moller run dataset



Data reduction
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e Data volume from the 1% production over Christmas was
very large (40 TB) and clearly needed to be reduced

e Approached from two directions:
- Reduce event size

e Hit containers the largest offender, but were being used
In hpstr to compute hit layer and multiplicity

- Reworked to save hit layers as a track property and
unpacked when converting from LCIO to ROOT

 Removed all other unnecessary collections

- Reduce number of events
e Skim events, based on VOs, Mollers, FEEsSs, etc..
e VO skimming has been ~validated



Skimming validation
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e Skimmed and non-skimmed outputs were saved to allow
validation of the skimming infrastructure and cuts

e Applying preselection to skimmed data returns fewer
events than running on no-skim data

- Skimming cuts are not matching preselection cuts

- Applying the skimming cuts above preselection yields
agreement up to single event differences

Ecut skim_ming pl:s(;alzeztei\(;n efficiency
Nap i >0 >0 14211 14487 14611
Xx <30.0 <20.0 cut no-skim skimmed | no-skim skimmed | no-skim skimmed
P S A(tige— trer) | 9.83% 99.83% | 99.83% 99.83% | 99.82% 99.81%
- > 0.4GeV X e 89.00% 89.83% | 89.88% 90.71% | 87.92% 88.84%
et S e Xt 85.93% 87.31% | 87.22% 88.41% | 87.80% 88.89%
Alton o ter) | <200ms = total 76.24% 78.15% | 78.24% 80.01% | 77.00% 78.75%
A(ttrk;e* 3 tclu;e+) - < 6.9ns N
A(ttrk e+ Lelu e ) - <6.0ns events
Coroe- <800 - preselected 33386 32571 | 33316 32578 | 32240 31520
Koot <800 - skim cuts 25455 25454 | 26068 26066 | 24824 24822
X?rk,ef/ndf - < 20.0
X2y e+ /ndf - <20.0




Skimming validation
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e Skimmed and non-skimmed outputs were saved to allow
validation of the skimming infrastructure and cuts

e Applying preselection to skimmed data returns fewer
events than running on no-skim data
- Skimming cuts are not matching preselection cuts

- Applying the skimming cuts above preselection yields
agreement up to single event differences

cut skimming preselection )
Ee*,clu —_ > 0.2 GeV § : 14211: no skimming, N _ = 33386 E% 5;
N2D hits Z 9 Z 9 1000j 14211: skimming, N = 32671 %Zs C
X\%tx < 300 < 200 L —— 14211: no skimming, skim cuts, N = 25455 Elﬂ
Psurm <45GeV < 4.0GeV 800l g g e s -
Pe- <45GV  <29GeV r
- > 0.4 GeV - Hweses s o wune so @ oo sme @ oo oo 4
Pe+ < 4.5GeV - 600/
= > 0.4 GeV r r
A(ttrk.,e"r ttrk,e' ) < 20.0ns - 400/— zzuo--o ome cammnesne ¢ comes M@ ® cmms Geen ane soee ¢
A(ttrke* ) tclu,e*) - <6.9ns L
A(ttl'kg 7tC]U.e} ) 8_0 0 < 6'0 nS 200; 14.. L] 0G0 GG © DENO SNV OB ED © 00 0 00 comoonENe
Xtrk,e— <d0. - r B
X et < 80.0 - r -
2 o e L e b b L e e e e b b
Xt'k,sf/ndf - <200 00 5 p /GeVe 0 14200 14300 14400 14500 14600 14700
Xfrk o /ndf _ < 20.0 i run number




Skimming validation

e Skimmed and non-skimmed outputs were saved to allow
validation of the skimming infrastructure and cuts

e Applying preselection to skimmed data returns fewer
events than running on no-skim data
- Skimming cuts are not matching preselection cuts

- Applying the skimming cuts above preselection yields
agreement up to single event differences

cut skimming preselection
Ee*,clu - > 0.2 GeV

Nap hits
2
Xvtx
pSLIm

>9
< 30.0
< 4.5GeV

>9
< 20.0
< 4.0 GeV

< 4.5GeV

< 4.5GeV

< 2.9GeV
> 0.4 GeV

> 0.4 GeV

A(ttrk.,e*: ttrk,e' )
(ttrk<e* ) tclu,e*)
(ttrk et elu et )

> >

< 20.0ns

< 6.9ns
< 6.0ns

2
Xtrk,e*
2
2Xtrk,e4r
Xtrk,s*/ndf
Xfrk,e‘ /ndf

< 80.0
< 80.0

< 20.0
< 20.0

/

e Changed definition of the chi2 cut in the

skimming to divide through by nDOF:
https://qithub.com/JeffersonLab/hps-java/pull/1098



https://github.com/JeffersonLab/hps-java/pull/1098

Track reconstruction efficiency

o1 AR

* Method developed and documented by M. Graham in
the 2016 Physics Run studies (link)

* Uses the ECal to select events that look consistent with
a 2-prong (e+e-) trident event and has at least one track
pointing to a the cluster in the ECal.

e Track matched in the ECal to "tag” the event as a likely
(e+e-) event and then use the other ECal cluster to
“probe” the track efficiency on the other side.

 Efficiency defined as:

N (matched probe track)
N (tag events)

e(E/X]Y) =


http://Track%20Efficiency,%20Tridents%20&%20WABs:%202016

Track reconstruction efficiency in v7
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Track reconstruction efficiency in v7
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e Comparable to v6 — good! Higher efficiency for skimmed
outputs, but agree well after fiducial selections (bottom
e Stable as a function of run! WEFducRITrgChsters_OIE_lo oundpos oundl.
- Efficiency plotted for various track ' o o'z::alsislvs,llosk 0
momentum benchmarks s ey ]
g Y |
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Determining the (x,y) beam position

1 A

Events / (0.116667 )

e Ty (N

* SVT wire scan data was taken sporadically throughout
the 2021 dataset: useful to determine beam position

e Fits to counters in “HPS SC” as a function of the SVT
motor position, separately for top & bottom

A RooPlot of "SVT Motor Position [mm]"
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A RooPlot of "SVT Motor Position [mm]"
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X-Y beam spot determination
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DN

e Beam spot in (Xx,y) determined from 2D fit

>

as input for analysis quantities

- Added to (local) conditions database, ..
which will be used as input for next e TR At LR
pass for BSC and TC vertex fits S e B

- Summarized in json format and used .. =
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rotated_mean_x vs Run Number

0.200
0.3
0.175 -
0.2 1 0.150
x
' 01 20.125-
g £
EI o
B  0.100
% 0.04 )
° e
0.075 -
_0'1 -4
0.050 -
=021 0.025 -

14200 14300 14400 14500 14600 14700 14800 12

14200 14300 14400 14500 14600 14700 14800
Run Number

Run Number



X-Y beam spot determination
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Beam-y [um]

e Beam spot in (Xx,y) determined from 2D fit

250
200
150
100

50

-50
-100

- Summarized in json format and used
as input for analysis quantities

- Added to (local) conditions database,
which will be used as input for next
pass for BSC and TC vertex fits
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Track & cluster times

Track and cluster times very important quantity at
analysis level — studied as a function of run number

- Fit a gaussian to the data to extract mean and sigma,

and used to adjust mean value to zero

mean
:i F ’\.w 38 C
20000 e =
- —— run sample: 14211 S 378
18000 — -
= 376
160001~ —— W=37.34, 6=1.5989 spals:
14000 BT e,
C 372 -
12000— -
10000 s
s000F- xs—  Stable as a function of run
6000|— 36.6-
4000(— 364
2000 — 36.21—
: B 1 I 1 i — 1l 1 | 1 ! Il Il | 1 1 I 36 :I I 1 ! ! 1 | 1 1 1 1 | L 1 1 1 I ! 1 1 1 I 1 1 1 1 I 1 1 1
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t,. o /ns run number

Example showing positron cluster times
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Track time

* Electron minus positron track times used in skimming
and should be stable as a function of run number

e Observe much broader tails in data than MC for electron

track to positron cluster time difference

- Need to devise strategy to ideally reduce these
contributions and/or estimate (see Sarah’s talk)

:. 3 6_— h_ele_pos_track_dt_sigma
"': . | Entries 291
£ Mean 1.446e+04
T 3 4__ | | Std Dev 166.4
4 I['\ {[ | ‘ | i / ndf 9.905e+04 /290
Foo i | 2.997 +0.001
N I ‘” w pi . + 0.
| LRETII | |”|HJHIIWM ﬁ'“
32_— wl( | II “|J “]! | .(ﬁ{ J*‘ l| : i1 | I| [!| (llsl i frasea
pp f b
iy | | M
3 14566 i
L e A ! i ek o
{1418 {145 ||“|’ f‘ {WM
28—
B Change in sensor bias
26—
14176 1114180
5 4177
d""[‘? Loy b by by gy teses ]y
14200 14300 14400 14500 14600 14700
14166: 0 = 1.94 run number

3
[

107E

— 14211
— tritrig
wab



https://indico.jlab.org/event/965/#35-trident-selection-and-mc-co

Phase issue

* In validating pass2, uncovered a bimodal peak in the
time distribution for a few runs: 14210 and 14232.

e Suspected phase offset problem, where phase and layer
dependent time shifts are needed for each layer
- This was a recurrence of a problem that is ~2-3 yr old
- Promptly fixed: https:/qithub.com/JeffersonLab/hps-java/pull/1099

unc_vix_ele_track_t

htemp

5000

« B n - Entries 65849
10000— ‘ —— run sample: 14210 - Mean -7.312
i [ r Std Dev 24.61
= 4000—
8000 (— —— %=-134.2, 0=32.855 C
T 3000—
6000|— -
4000 r ——1 -
T s "--“< —
2000(— I oy 1000[— e g
= i 1“ N ¥
Y P I B A PR e, B P L. PN U EPEPETIN PSPPI SR ST
=60 -40 -20 0 20 40 60 -80 -60 -40 —20 0 20 40 60
t, /NS unc_vtx_ele_track_t

Before : After fix 16


https://github.com/JeffersonLab/hps-java/pull/1099

Moller mass: through (a subset of) the versions

V6 DATA R4 UC inv mass

h_ee mass r4

- Entries 22613
- Mean 0.0454
1200 I Sid Dev  0.005587
1000—
C 1t =44.931= 0.034MeV
800
- o= 3.022 = 0.046MeV
600—
400—
200—
Conale s luaaad s laans llll lil LlJ_AI_J Aol L
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Moller mass: through (a subset of) the versions

V6 DATA R4 UC inv mass

h_ee mass r4

- Entries 22613
- Mean 0.0454
1200—
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Moller mass: through (a subset of) the versions

V6 DATA R4 UC inv mass

h ee mass r4
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Moller mass: through (a subset of) the versions

V6 DATA R4 UC inv mass

h_ee mass r4

v7 DATA R4 UC inv mass

- Entries 22613
- Mean 0.0454
1200—
1000 -
C 1200
800\ C
C 1000|—
00— C
C 800
400— B
= 600—
200— -
L 400
001 002 003 004 005 008 0.07 C
200
% 001
Graph
3 a7sF
= C
2 C
‘E" 47—
5 C
S 465
46—
455
45
45—
El [

Lo b v b P Py Lu s
. 6 0.8

I_

ol

=3
F

"Opening angle change [mRad]

1= 45.805=

o= 3.149=

002 0.03 0.04 005 0.06 0.07

h_ee_mass r4

Entries 28078
Mean 0.04581
Std Dev  0.005168

Op6mrad R4 UC inv mass

h_ee mass _r4

h ee mass r4
Entries 22400
Mean 0.04509
Sud Dev  0.005549
v7_new 14628 DATA R4 UC inv mass
1600~
1400
1200~ i = 45.580= 0.030MeV
1000~ B
800—
o 3500
600_—
ao0f- 3000
2001~ 2500
% 001 oi
2000

v/ alignment model
Pass2 (March. 2025) 1o

500

0.02 0.03 0.04

o = 3.063+

u =44.322+ 0.021MeV

0.030MeV

Entries 57003
0.04458
0.005206

Mean
Std Dev

0.05 0.06 0.07 0.08 0.09 \(/).1

inv [



Moller mass studies: v7 alignment model

e Reconstructed 10% of Moller run dataset @1.92 GeV

* Average Moller mass extracted using BSC and TC
vertices, showing good agreement UC vertex fits

Mgller Mean Mass vs Run N

—8— UC Mean
BSC Mean

—&— TC Mean

—&— NoV Mean

vy OAN® ~
v Pl
© ©

A
NNNNN ~ o~

- Note: vertex (x,y,z) positions were taken from a single Moller run; small evolution in
(x,y) already known. The z-vertex position disagrees between different approaches
(z0 vs tanL, e+e-, e-e-, and multitrack give different results spanning ~1mm) 21



Mo

ller mass studies

e Reconstructed 10% of Moller run dataset @1.92 GeV

 Differential analysis: Moller mass vs theta x shows
strong dependency, especially in the top detector

- More details in Lewis’ talk on Wednesday morning
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https://indico.jlab.org/event/965/#32-moller-analysis-in-2021

Conclusions

el AL

 Lots of studies on the reconstructed ~0.3% of 2021
dataset and great progress towards the next pass

e Alignment work ongoing for v8

- Lots of studies performed to understand origins of
momentum scale as a function of phiO and tanL

- Beam spot constrained alignment technically working,
but work needed to better understand vertex z-position

- It may make sense to move to v8 for the next pass

* <1% pass, also enabling flags needed for hit killing
and smearing studies Elizabeth is working on

» Efforts starting on calibration work for 2019 dataset
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Momentum scale: through the versions...

FEE momentum [GeV] FEE momentum [GeV]

FEE momentum [GeV]
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