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* Mollers and fully-resolved tridents were in a good spot with the latest large
pass (pass5_v9), but there were a few outstanding issues
* 3-prongtrident energy scale was a bit high (3.76GeV), and the target constrained Moller

vertices showed some strange behavior when comparing the vertex-refitted quantities to
the track quantities

* Quite a few fixes applied: low momentum tracking, beamspot characterization, target
constraint issues...

* Tridents in the previous pass were in a really good spot, and are even further
improved with passe6.

* TC chi-squared issuein 2019



Moller invariant mass distribution with the updated pass6_v10 detector and low momentum sum
fixe applied
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Invariant mass means are slightly shifted, most notably with the TC plot on the right.



Top plotis a run-by-run
comparison of the
mean mass values,
bottom is the same for
the widths.

Target constrained
Moller mass in pass6
is consistently
elevated compared to
passb.

Widths are
comparable for the
most part.
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UC: Mgller mass mean per run, pass5 vs pass6
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UC: Mgller mass width per run, pass5 vs pass6
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BSC: Mgller mass mean per run, pass5 vs pass6
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BSC: Mgller mass width per run, pass5 vs pass6
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TC: Mgller mass mean per run, pass5 vs pass6
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Beam directions
are consistent and
unchanged.
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Run-by-run beam
directions for each
kind of vertex.

Minor differences
present here

UC: parent 6, mean per run, pass5 vs passé
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Small sample of (pure)
moller mc generated
with the pass6_v10
pipeline.

Top plot compares all
things passb5_v9: data,
mc unsmeared, and
mc curvature
smeared.

Bottom is the same for
pass6_v10.
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Comparing the mc
samples directly is a
bit more interesting.

The top row compares
passb to passb6
unsmeared, and the
bottom is the same for
the curvature smeared
invariant mass
distributions. Using the
same smearing
constants, the pass6
widths are slightly
wider.

Target constrained
mass distributions
shifted in mean value,
but comparable width.
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MC TC Moller v0 chi2
pass5 TC Moller vO chi2
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Pass6 target constrained vertex chi2 is much
improved, and the pass6 data and MC are closer to
alignment as well.
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No obvious dependence of moller mass on vertex
chi2 in the target constrained sample.
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In the pass5_v9 data and
mc, the moller electron
momentum sum showed
a shift when looking at
the TC vO0s. This was
present in both data and
MC.

* Notthe case for
unconstrained vO0s.
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The vertex-refitted moller
electron momentum sum is
much better in pass6, and the
residual between vertex-
computed |P| and track-
computed |P| is centered on ~0.
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Changes in pass6 TC
is apparent when
comparing it to pass 5,
even in MC.

Vertex —track
residuals centered
much closer to zero for
TC now.

Normalized entries

Normalized entries
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0.03

0.02

0.01

TC: VO |P| sum

— passb Data |t = 1.9588 + 0.0001 GeV

\
o
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w
w
o
jw]
]
L
@©

o =0.0580 £ 0.0002 GeV

u=1.9412 £ 0.0002 GeV

a =0.0594 £ 0.0003 GeV

16 18 2 22 2.4
[p1l+|p2]| [GeV]

TG: VO |P| sum
— pass5 MC 1t = 1.9344 £ 0.0002 GeV

—passé MC

o =0.0535 + 0.0003 GeV

pn=1.9126 + 0.0016 GeV

o =0.0554 + 0.0021 GeV

1.6 1.8 2 22 2.4
Ip11+[p2| [GeV]

Normalized entries

Normalized entries
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0.03

0.025
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0.015

0.0
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0.005

0.05

0.04

0.03

0.02

0.01

TC: Track |P| sum

— pass5 Data
— pass6 Data

1 =1.9364 + 0.0002 GeV

o =0.0731+ 0.0002 GeV

i =1.9346 + 0.0003 GeV

o =0.0754 £ 0.0004 GeV

2.2 2.4
Ip1]+lp2| [GeV]

TC: Track |P| sum

— pass5 MC
—passé MC

u=1.9074 £ 0.0003 GeV

o =0.0639 + 0.0004 GeV

1 =1.9045 + 0.0021 GeV

o = 0.0660 + 0.0030 GeV

2.2 2.
Ip1+1p2] [GeV)

Normalized entries

Normalized entries

TC: V0|P|'TraCk|P| sum

0.006

0.005

0.004

0.003

0.002

0.001

- — pass5 Data

— pass6 Data

i =0.0188 = 0.0001 GeV

@ = 0.0305 + 0.0001 GeV

= 0.0050 = 0.0001 GeV

@ = 0.0306 = 0.0001 GeV

B3

1
-0.08-0.06-0.04-0.02 0 0.02

L
0.04

TC: VOlF,I-Tracle,| sum

1 | Il
0.06 0.08 01
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Y
Dot

0.08-0.06-0.04-0.02 0

— pass5 MC
—passb MC

o= 0.0254 = 0.0001 GeV

c =0.0308 + 0.0002 GeV

= 0.0056 + 0.0009 GeV

o = 0.0285 + 0.0012 GeV

0.02 0.04

0.06 0.08 01
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Pass6 data/mc agreement in
the momentum sum still
shows a discrepancy.

However, this discrepancy is
now consistent between the
vO calculation and the track
calculation.

Normalized entries

UC: VO |P| sum
- — pass6é MC 1 = 1.9053 + 0.0020 GeV
0.05 -1~ passé Data & = 0.0605 = 0.0030 GeV
B | 1 = 1.9345 £ 0.0002 GeV
0.041— ] | @ =0.0739 + 0.0003 GeV
003
0.02—
.01 '-
~ ol »
- : e,
o s ’
16 18 E 22 2.4
Ip1l+|p2| [GeV]
TC: VO |P| sum
g -
E [ —pass6MC p = 1.9126 £ 0.0016 GeV
@006l
o 0.06 + pass6 Data 0= 0.0554 £ 0.0021 GeV
& F
£0.051 j = 1.9412 £ 0.0002 GeV
2 o =0.0594 + 0.0003 GeV
0.04
0.03|
0.02F
0.01}

ol L b Laa g 1B
0 1.7 18 19 21 2.2
Ip11+Ip2iTGev]

UC: Track |P| sum

@ L
£ | —passéMC 1 =1.9042 = 0.0021 GeV
S 005
» [ ~tpass6 Data o =0.0655 + 0.0029 GeV
N C
£ F 1 = 1.9327 £ 0.0003 GeV
5 0.04
= L = 0.0814 £ 0.0004 GeV
0.03—
o0z -
0.01—
0.‘ | M
1.6 18 2 22 24
Ip1]+lp2| [GeV)
TC: Track |P| sum
2 C
= - — pass6 MC j = 1.9045 £ 0.0021 GeV
o 0051 6 Dat
z L passot Uata o =0.0660 £ 0.0030 GeV
N r
g 1 = 1.9346 + 0.0003 GeV
S0.04
z C 0 =0.0754 £ 0.0004 GeV
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0.01
oblad e Lo b o L
1.6
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IP1+Ip2] [GeV]

Normalized entries
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Normalized entries

uc: VO|P|'TraCk|p| sum

— passé MC
—+ pass6 Data

u =-0.0002 = 0.0001 GeV

o =0.0031 £ 0.0002 GeV

u =-0.0001+ 0.0000 GeV

= 0.0025 + 0.0000 GeV

o
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Alp| [GeV]

. TC:VOp-Trackg sum

x10
of — passé MC | = 0.0056 £ 0.0009 GeV
6 —{— pass6 Data o =0.0285 £ 0.0012 GeV
2 1t = 0.0050 + 0.0001 GeV
= 0.0306  0.0001 GeV

M T
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Pass6 data/mc agreement in
the momentum sum still
shows a discrepancy.

However, this discrepancy is
now consistent between the
vO calculation and the track
calculation.

Pass5 shows roughly the
same discrepancy between
data/mc in this regard,
though the TC is shifted to
higher momentum.

Normalized entries

UC: VO |P] sum

0.05-— pass5 MC 1 = 1.9054 £ 0.0003 GeV
- =+ pass5 Data = 0.0645 £ 0.0004 GeV
0.04— 1t = 1.9352 £ 0.0002 GeV
C @ = 0.0731 0.0002 GeV
0,03
0.02
r }
- .‘ .
0.01— .
- %
L .
0 L ! P T R R R P
16 18 2.2 2.4
Ip11+|p2| [GeV]
TC: VO |P| sum
@ C
5 0.06-— pass5 MC |t = 1.9344 + 0.0002 GeV
o
5 [ -+ pass5 Data 6 = 0.0535 + 0.0003 GeV
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0.01F
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Normalized entries

Normalized entries
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[ —+ pass5 Data = 0.0672 % 0.0004 GeV
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- 1L = 1.8339 + 0.0002 GeV
C @ = 0.0790 + 0.0003 GeV
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TC: Track |P| sum
0.05~— passb MC 1t = 1.9074 2 0.0003 GeV
[ =+ pass5 Data G = 0.0639 + 0.0004 GeV
0.04— 1t = 1.9364 £ 0.0002 GeV
L & = 0.0731 £ 0.0002 GeV
0,03
0.02
0.01— .
L Ky
pleelde o L b e oy
1.6 1.8 2.2 2.4
Ip1[+[p2| [GeV)

UC: Track |P| sum

Normalized entries

UcC: V0|P|'TraCk|P| sum

0.04

0.038

Normalized entries

0.025
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0.015

0.01

0.005

0.088 =4 pass5 Data

1 =-0.0000 = 0.0000 GeV

o =0.0024 = 0.0000 GeV

u =-0.0001+ 0.0000 GeV

@ = 0.0028 £ 0.0000 GeV

—[}0.1 -0.08-0.06-0.04-0.02 0
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TC: V0|P|'TraCk|P| sum

— pass5 MC
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0.002

0.001

u=0.0254 + 0.0001 GeV

© =0.0308 + 0.0002 GeV

|1 =0.0188 £ 0.0001 GeV

| o = 0.0305 + 0.0001 GeV

1
90.1 -0.08-0.06-0.04-0.02 0 0.02

I| L L | L
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| previously explored smearing the polar angle, theta, in pass5_v9 moller MC

Initial observation was that there are large residuals between truth and reconstructed polar angle in the MC

UC top

0.03

normarlzea

0.025
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0.015

0.01

0.005

TT T T [T T I T[T I T T[T I T T[T T T [TTTT]

0
-50

pass5: y=17.77, 0=7.78

pass6: u=18.38, 0=7.83
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A8 truth - reco (mrad)

UC bot
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o
o
@

0.025
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0.005

TTTT T T T T[T T T T[T T T[T T T T[T T 17T

o
-50

—— pass5: p=19.00, 0=6.38

passB: p=18.73, 0=6.76
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A8 truth - reco (mrad)

BSC top
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0.015
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-40 30 -20 -10 50

20 30 40
A8 truth - reco (mrad)
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0.015
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——— pass5: =18.98, 0=6.34

-1
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-40 30 -20 -10 0 10 50

20 30 40
A8 truth - reco (mrad)
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Scanned over various smearing values to find intersection between the smeared moller mass width and the data
widths for each vertex type.

pass5 UC

3.6

= quadrature fit
—— data
++ 2,00 mrad

as (mrad)

= gquadrature fit

1 == data

-- 1.89 mrad

pass6 UC

1.5
gs (mrad)

2.0

—— guadrature fit
—— data
++ 1,59 mrad

1 ¢ mc

pass5 BSC

og (mrad)

——— guadrature fit
—— data
-- 1.64 mrad

pass6 BSC

T
1.0 1.5 2.0 2.5
og (mrad)

= quadrature fit
—— data

-+ 1,31 mrad

b MC

pass5 TC

og (mrad)

—— gquadrature fit
—— data

== 1.32 mrad

b MC

passb TC

og (mrad) 17




Level of smearing required
changes for the different vertex
types but is very powerful.

Smearing required between
pass5 and passé6 is similar, UC
requires a bit less in pass6.

= 0.05F T
= - pass5 UC 9 =200mrad
o~ L +datac=2_ga
© 0.041 —— MC unsmeared 0 = 2.
S . —— MC smeared o = 2.98
5 0.03-
© C
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0.02:—
0.01 —
Ol Tl L [
3 40 45 50 55
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AL Ay s e B
0.051- passé UC d- ) mra -
r [_ ala g = J.
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d
=}
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0.02

e NS S e e ey o S B
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C —} datao =260
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—— MC smeared ¢ = 2.62 |

35 40 45 50 55
M., (MeV)

S e e s s ey B =
E passs BSC Oy = 1.64 mrad

L data 0 = 2.62
—— MC unsmeared o = 2.0;

- —— MC smeared 0 = 2.46

30 40 060 70
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fraction/ 0.2 MeV

0.02

fraction / 0.2 MeV
5

0.02

o

o

>
‘

o
o
=
T —

T T
i passs TC 0. =1.31mrad |
- —} datac=2.13 -
——— MC unsmeared o = 1.54|

—— MC smeared 0 = 2.16 :

L B w e e e
+ passﬁ TC =1.32 mrad

i data o =2.12 i
L ——— MC unsmeared o = 1.50|

—— MC smeared 0 =2.09

30 40 60 70
M., (MeV)

S Tese e

Passb
Pass6

2.00mRad
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Many improvements with pass6

* Chi-squared issue fixed, track and vO momenta more in agreement
A few outstanding issues still, including TC mass being shifted high and the MC beam energy calculation being
low across vertex constraint types.

Mean masses are a bit higher than passb, especially in the TC. Widths roughly the same, minor changes.

* Same curvature smearing values across passb and pass6 produce slightly wider distributions in the MC.
Still about half an MeV too narrow in MC.

AU

0.05

0.04

0.03

0.02

0.01

0

pass6 2021 1.92 GeV UC Mdller Mass

;—f— Data

— MC unsmeared

M =44.301 + 0.013 MeV

o = 3.030 + 0.018 MeV
—— MC w smeared

p =44.105 % 0.094 MeV

G = 2.381 £ 0.135 MeV

i | (11 = 44.005 + 0.068 MeV
P |

% & = 2.405 + 0.100 MeV

II|II\|\\\‘\Illllllllllll\\\\
0.03€0.0380.04 0.0420.0440.0460.048 0.05 0.0520.054
My, [GBV]

2: 0.06
0.05
0.04
0.03
0.02
0.01

0

pass6 2021 1.92 GeV BSC M dller Mass

B t paa 1 = 44.456 = 0.012 MeV
—— MC unsmeared
6 = 2.624 + 0.016 MeV
—— MC w smeared

p = 44144 £ 0.066 MeV

¢ =2.031 £ 0.107 MeV

[ #ig U |1 = aa.088 + 0.060 Mev

¢ =2.117 = 0.083 MeV

L]
h.‘

f 1 | 111 | L1l | L1 | L1l ‘ L1 | 111 1
0.0360.0380.040.0420.0440.0460.048 0.050.0520.054
Mipy [GEV]

5 0.07

0.06

0.05

0.04

0.03

0.02

0.01

pass6 2021 1.92 GeV TC Mgller Mass

F — MC unsmeared

[ —— MG o smeared

—+ Dpawa

i =44.563 + 0.010 MeV

o =2.152 + 0.013 MeV

u=43.042 £ 0.053 MeV

a = 1.527 + 0.087 MeV

W |1 =42.990 + 0.047 Mev

[ ]
a 0 =1.697 + 0.064 MeV

00.0360.0380.040.0420.0440.0460.048.0.05 0.0520.054

Myp, [GEV]
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AU

0.05

0.04

Many improvements with pass6
* Chi-squared issue fixed, track and vO momenta more in

agreement

A few outstanding issues still, including TC mass being
shifted high and the MC beam energy calculation being low
across vertex constraint types.

Mean masses are a bit higher than passb, especially in the
TC. Widths roughly the same, minor changes.

pass6 2021 1.92 GeV UC Mgller Mass

;—+— Data

[T = MC unsmeared

i =44.301 £ 0.013 MeV

r o =3.030  0.018 MeV
= MC w smeared

— u =44.105 * 0.094 MeV

o =2.381 £ 0.135 MeV

— ¥ |p = 44.005 + 0.068 MeV

% = 2.405 = 0.100 MeV

C F -
5
-

0.0360.0380.04 0.0420.0440.04€0.048 0.05 0.0520.054
Mgy [GEV]

3
= 008
0.05

0.04

pass6 2021 1.92 GeV BSC M dller Mass

j—f— Data

b~ MG unsmeared

u =44.456 + 0.012 MeV

© =2.624 +0.016 MeV

—— MG w smeared

1 =44.144 + 0.066 MeV

o =2.031 £ 0.107 MeV

p=44.098 + 0.060 MeV

4| 6 =2.117  0.083 MeV

£ L
e T S I WO OO e
0.0360.0380.04.0.0420.0440.0460.048 0.05 0.0520.054
minv [GEV]

pass6 2021 1.92 GeV TC Mgller Mass

S 0.07F
< T

0.06 —

b = MC unsmeare: d

[ — MC o smeared

0.0360.

+ Data

i =44.563 = 0.010 MeV

© =2152 +0.013 MeV

1 =43.042 + 0.053 MeV

o = 1.527 £ 0.087 MeV

% |1 = 42890 + 0.047 MeV

[ ]
3| ¢ =1.697 + 0.064 MeV

el i ——
0380.040.0420.0440.0460.048 0.050.0520.054
|'nimr [GEV]

{a} [rad]

pass5 vs pass6: TC (avo) vsm

- pass5 Data
0.06(——+4— pass6 Data
" —4— pass5 MC
|~ pass6 MC w3
g

0.055
0.05

0.045

0.041, ., ‘

I 111 I L1l ‘ L1l I 111 | L1l I L1l ‘ L1l I 111 L
0.0360.0380.04 0.0420.0440.0460.048 0.05 0.0520.054
Miny [GBV]

High mass tail & relationship
to opening angle, how to
think about this?
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Fully-resolved trident energy sum
distribution looks even better in
pass6_v10 with the low p tracking
changes, very nice to see.

Widths are the same, but the mean of the
peak has been shifted closer to the beam
energy.

normalized entries

0.07

0.06

0.05

0.04

0.03

0.02

0.01

3.74 GeV ftrident triplet energy

: pass5_v9 vs pass6 v10 data

—4— Data pass6_v10

Data passb v9

Data pass6_v10
H=3.733 £0.003 GeV
o =0.108 £ 0.005 GeV

Data pass5_v9
M =3.766 * 0.004 GeV
0 =0.107 £ 0.006 GeV
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normalized entries

0.04

0.03

0.02

0.01

3.74 GeV trident triplet energy: data vs Unsmeared MC

¥ l
o
=N
o

Unsmeared MC

Data (pass6_v10)

M=3.733 £0.003 GeV
o =0.108 £ 0.005 GeV

Unsmeared MC

M=3.718 £ 0.005 GeV

o =0.089 £ 0.008 GeV

normalized entries

0.07

0.03

0.02

0.01

3.74 GeV trident triplet energy: data vs Smeared MC

—4— Data

——— Smeared MC

Data (pass6_v10)
pM=3.733 £ 0.003 GeV
o =0.108 + 0.005 GeV

Smeared MC
H=3.719 £ 0.008 GeV

0 =0.111 £0.013 GeV

Same curvature smearing values applied as with the Mollers, works well to align MC with Data here
in pass6 as it also did in passb.
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Beam directions roughly unchanged,
slight shift in beam x via tridents.

Fully-resolved trident efficiency (after all
cuts) isincreased in pass6 data and mc.

fully-resolved trident
fully-resolved trident

fully-resolved trident
fully-resolved trident

efficiency,
efficiency,
efficiency,
efficiency,

pass6 data: 0.132%
passé mc: 0.322%
pass5 data: 0.082%
pass5 mc: ©.212%

normalized entries

p6/p5

normalized entries

Data/MC

3.74 GeV tridents, pass6_v10 vs pass5_v9 data: parent 8,

0.06—

0.05H

[| Data passé_v10
[ u=-0.214t 0.045 mrad
H o= 2121z 0.063 mrad

0.04

[| Data pass5_v9
O p=-0.021+ 0.125mrad

[| o= 2340% 0.210 mrad

o
2

—— Data pass6_v10
Data pass5_v9

g: L s T
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Data/MC

3.74 GeV tridents, pass6_v10 vs pass5_v9 data: parent 8,

0.04

0.035H

0.03H

Hp= 0148+ 0.071 mrad
H o= 3358: 0.099 mrad

Data passé_v10

[ Data pass5_v9
0 n=-0.148+ 0.196 mrad

Ho= 3667+ 0.340mrad ]
H "

—— Data pass6_v10
Data pass5_v9
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3.74 GeV tridents, pass6_v10 data vs MC: parent6,
D'MSE —— Data pass6_v10
0.04— —— MC pass6_v10
Data passé_v10
0035H - 0148+ 0.071 mrad
0.035 o= 3358+ 0.099 mrad
0_025; MC pass6_v10
é p= 0.181% 0.139 mrad
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0.015
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Elizabeth’s addition of L5 has a minimalimpact on the 4.55GeV trident triplet energy sum distribution,

but overall, the 2019 tridents are looking quite good!

2019 with LS Triplet Energy Sum DATA trident parent theta x (4.55GeV) DATA trident parent theta y (4.55GeV)
- h_ti E tri_thx_r3 tri_thy_r3
2501 Entries 6274 - Entles 6275 B Entles 6275
Mean 4.243 o L
- 250 Mean -0.001296 r Mean 0.0003347
- ﬁ Std Dev 0.6719 B Std Dev 0.004204 160 | Std Dev  0.00538
- |p=4.456 + 0.004 GeV | L
200/ - 140F
[ |o=0.151+0.005 GeV 200 j = -0.963 £ 0.050 mRad - p = 0.369 * 0.073 mRad
- i 120 —
150 L i 0 =2.224 +0.072 mRad 100 B o = 3.425 * 0.098 mRad
- 150~ N
- . 80~
100} L -
R 100 60
i . 401
S0 50 -
- - 20F
N i 3 B 3
Ollllllll-r‘lﬂl 1 lllllllll | In 0 IIIIIIIIIllIlIlIllllIIIl J-l"lrl_l X10 OL_nhI'hﬂ-ll||||IJ||||111|||1||||||||||||||ﬂx10
0 1 2 3 4 5 6 7 20 -15 -10 -5 0 5 10 15 20 20 -15 -10 -5 0 5 10 15 20
E[GeV] [Rad] [Rad]
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normalized entries

Target constrained vertex chi-squared varies across the 2019
samples. The shifted peak seen in the ‘with L5’ sample to the leftis
also seeninthe 2019 1%.

This seems to not have an adverse effect on the triplet energy peak.

2019 with L5 (4.55 GeV): trident energy sum

x102~019 no L5 (4.55 GeV): trident energy sum

[ 2]
- —$— Unconstrained -f:j 50 F—4— Unconstrained
[| go— Target constrained 5 | gc— Target constrained
0.05H 5 451
1 4 =4.455%0.004 GeV N 0 4 =4.502%0.015 GeV
[l T 400
|| 0=0.155 £ 0.006 GeV £ H 0=0.182 £ 0.021 GeV
0.04 2 a5f
E TC 30 g TC
0.03H p =4.455 £ 0.004 GeV 25 H u=4.502+0.015 GeV
| 0=0.155 £ 0.006 GeV J H 0 =0.183 £ 0.021 GeV
E 201=
0.02— -
B 15F-
001 10
- ok
. i i ] LN \"' :l L | A S <y 1 ' )
-~ T T b Ly gy N e i L-L ! 4} . paic
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This is the final UC trident selection in a sample of pass5_v9 3.74GeV data. The left plot

shows the vertex z of the vO linked to a fully-reconstructed trident vs its triplet energy sum.
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2021 Moller invariant masses are a bit higher in pass6, but comparable in width to pass5 overall.
Track versus VO beam energy calculations in the pass6 sample are much more aligned, but MC is consistently
lower than the beam energy for both vO and track beam energy calculations across the three vertex types in
both pass5 and passé6.
Curvature smearing with the same constants produces slightly wider mass distributions in the pass6 Moller
MC, but still about .4-.5MeV narrower than data.

* Angular smearing works well but requires a large smearing amounts (1.3 mRad for TC, 1.9mRad for UC)

Tridents also show an improvement in the 2021 pass6 data, and the same curvature smearing in the pass6
Tritrig MC works as well as it did in passb5.

Tridents in the 2019 4.55GeV data also look quite good, but there is an issue with the TC chi-squared values in

these datasets that is present in some samples and absent in others. Positron E/P issue is seen in tridents as
well.
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2021 fully-reconstructed trident TC vertex chi-squared is better. UC across both 2021 and 2019 is
consistently good.
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Positron TOP E/P - 2019 4.55 GeV (L5L7)
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