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AND 2

= My primary channel of interest is the A baryon.
—Ko +p Tt +A
—N— p + 1T

= The other channel, which is a major background, is the Z° baryon
-KO +p o T+ 30
-20 5 A+y
— /\ — p + 17

= Based upon just reconstruction N, / Ny is about
— 2 for phase space MC
— 6 for MC with cross section input
— 5 = 0.6 from experimental cross sections in R. J. Yamartino et al. in the beam momentum
range 1.8 — 5 GeV.
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AND 29 RESULTS

This update deals with the affect of current on particle
reconstruction. Current Relative Relative
(A) Yield (Z9) Yield (A)

For each current, 1M events, from a beam energy range of

0.5 to 4.5 GeV, were generated using the physics-based 1350 1.00 1.00
generator. 1.44 197
Five currents were studied: 1350A (the nominal current), ' .

1100 A, 900A, 800A, and 700A. 900 1.73 1.43
To the right is the table of the relative yield for the various 800 1.51 1.50
currents, with Relative yield = N rent / N1350- 700 153 1,51

The nominal current yield of the A and 29 is 33698 and

4003 events, respectively. = The above color scheme

As a general trend, decreasing the current increases the remains constant through out all
yield. plots.
A and Z° used Jana1 and Jana2 respectively.
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A\: P AND ©

= To the right are plots of the
momenta and polar angle of
the final state particles in the
N\ decay for 5 different
currents.

= The lion share of the increase
in statistics happens at low
momenta for the p and 1,
and higher polar angle for the
p and 11, while the opposite is
seen in the 1",
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30: P AND ©

= To the right are plots of the . T

momenta and polar angle i« j _ 7 i
of the final state particles = S B WY - I S

Eguulllld ii Pl 00 |!

o= jpel 7000

T
111

00— bl

. a00- 1 * +.f :- v 4 200 wt—tt
in the Z° decay for 5 - EI | | w0

different currents. L N T R S SRS B A

T a? 4 R T ar Y R T (R AT E
» These results largely w & st ﬂ gy |ﬂ
mirror those seen inthe A i~ N T A T }._._:‘;:f;;m =
channel, though the T and = ﬁ +.j:j*ﬁ‘m & | '1'& *++‘+'+'Lih
y polar angle distributions = " n. = I T
increase symmetrically. T ”‘ﬁ;ﬁr? T oo Nl "
,.:';.1., S 5%[;50 .wm["‘] vu'-"2-.,"-:um;g--‘“-‘-{:,'g;‘;‘;-]m
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A\ AND 2 FINAL STATE PARTICLE MOMENTA
[P]

o ! el | T
N o 2 b o
* The proton and T e TR 5 S ot A 5
distributions look similar, oy E it
albeit the A\ has a higher ol ] H
momentum tail. o W I S A
= The " shows a different OD | "jm | .,DE kN fs‘mf%ﬁ_s L.
structure. L e R R
= There is a dip round 1 GeVin i e A
the X’s m* distribution thatis ~ °= 8 ek
absent in the A's r* mo- ; moot - ;
distribution. pe: R I Bk I
This dip and the neighboring r T, i E R T ;
peak are in the same position "o Lw Mm%

P [GeV]

as the * from the A decay. Ploe Rloet
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/\ AND 2 FINAL STATE PARTICLE ©

= Similarly to the last slide, I
the Z T+ distribution looks =
like a distorted version of ™ .
the A distribution.

» The hump seen in the A
distribution after 25° e
seems to be reflectedasa ™ - A

higher hump in the 2

distribution.
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2: AO
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» To the right are plots of the ..

00

A8 distributions for the T+, =

T, proton, and y as a
function of current.
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2: AP

= To the right are plots of the .. J— =
dP distributions for the 1", i~ TR = o LR
", proton, and y as a -

function of current. .
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005 01 0.15 0.2 §37545 01 088 0 005 04 045 b2
4P [Ge AP [GeV)

» Thes results mirror those
of the AB, with a decrease
in width with increasing
current.
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: AO

(0] S (33kag ﬁm! S [39] (0]
= To the right are plots of = o i P -
the AO distributions for = . - e I AR -
the 1T+, prOton, and th e ER R U T R T R T T
. S T 1 B 1 S — . ) ———————Y 1] [38] ] P 800 L e 2.
as a function of current. =2 o o =il FTTTE -
» These results mirror the = - ; IREEEE
distributions = A8 d n SEEE3N = i
distributions. e EEETEREE v
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- AP

» To the right are plots of the
AP distributions for the 11,

proton, and the - as a

function of current.
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© RESOLUTION

0.62—

= To the right are plots of the AB &t R . =S T = —

distributions final state particles "... ' + > + . + s + + 5 5
for the for 2 (top) and the A ot + Loy F S
(bottom) as a function of beam ™+ - ! + - [ :
current. =y I [ - + b |
" The widths were extracted from _T=7" s TSR Ty s
a gaussian fit to the AB seenin = A + A e A
the previous slides. i { + e
= Width seems to be proportional . + ] + + " t
to the yield, with A yield e IOR AN M S N
decreasing as current R I g
increases and 2 yield
increasing with current until
900Asand then decreasing. ——
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P RESOLUTION

= To the right are plots of the =7 oy B - L |
AP distributions final state | I - . ?-uw++ > 2 +:

particles for the for Z (top) . | : _— | + ER
and the A (bottom) as a A B N + s + : +
function of beam current. ™. Wt el

» Both sets of particles show = 1 STTTTTTT] el T T
the inverse relationship - :
between beam currentand .. I I |-
width, save for the y "t | e RN By .
distribution. a0 ot . R O 0 s 390 O N R

12( 0 1400 2 0 1 1000 1100 1200 1300 1400
Beam Current (Al Beam Current [A] Beam Current [A]
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EFFICIENCY

= The plot to the right is of the [WEfdlency | ey (WERRCBOROY |
efficiency of W for the A (left) and ~ °™- } o f e
the X (right) distributions as a 2 o1z AT t g o % et s o
function of current. 01 b i . : +
. . L. . L ¥ . ] 0.04— +
= The increase in efficiency mirror the oo RASA i*} g - ++++
. . T C t # ] C
increases in statistics. voel Wﬁ_: KL TS 005 N ++++
. . T I+ T 5 PR
= Decreasing the current yields more - ++++:_ | o v oozt Hli 4 t,
H H T + 73 B +17r e
higher W As, with most of the SRR 5. TN S A A - VI
. . . 0.02 o QI+ R 3bi
increase coming from dropping S ] Lt *J.t::*,.%r ]
L b4 4 (aed pagt o5 <t 20 o]
from 1350 to 1100. 016 98 2 22 24 26 28 3 Y R e
W [GeV] W [GeV]

= The Ais strongly peaked around W
~ 1.9 GeV and decreases in current
increases this peak and the

im jlate neighboring events. THE GEORGE
,7 WASHINGTON
JefferSon Lab 14 M. B. C. Scott UNIVERSITY

WASHINGTON, DC




A Survival Rate vs. Current: Old BDT T - I Survival Rate vs. Current: New BDT
T s e e e .

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

1

CURRENT VS A/Z DISCRIMINATION : f

» Selection cuts were developed to separate Y R -
/\S proper and AS Coming from Z deCayS- “_ 700 ﬂ[ID 9I]0 1[IOI]11ﬂ[la12()ll 13[I[I 14[-I() “- 7(I)ﬂ B[II[I SE‘I() 1[I‘()C]11I(J[I 12I0Cﬂ 1:1I(J[I 14‘[-I()

Beam Current [A] Beam Curren it [A]
A Survl I Ral t 's. Curi l 0Id STD | - I Survival Rate vs. Current: Old STD | ; .
. e LLLL = d T o ARABAREA"

= 3 different approaches were studied with the ... .. . .1 .

particle survival rates plotted to the right
—Boosted Decision Trees (Top) g g

—Handmade (Middle) . A ERRERR
—Neutral Net (Bottom) Vi |

0 700 800 900 1000 110[! 12[]0 1300 1400 0 700 800 900 1000 1100 1200 13(][I 1400
A]

= There is not much of a dependence on the S G | (oS G |

= oif

current. YT, |
= Full description of the approaches is inthe ;| [
back up slides. [
s i . 1:0RGE
TR ] L0 9.0 .8 ® 11GTON
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CONCLUSION

= |[n summation, the A and 2 kinematic distributions were studied as a function of
magnetic field current.

* |[n general, the final state particles stemming from the decays show an increase
in lower momenta and higher polar angle events as the current decreases.

= Polar angle resolution has been shown to be inversely proportional to the relative
yield and momentum resolution increases as current increases.

» Discrimination between the A and As stemming from the decay of the 2 has been
studied three ways: handmade cuts, BDTs, and NNs, and the results do not
show any significant current decencies.
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-Pvs. W

» To the right are plots of
momentum vs W for the
N\, %, 11, and p as
function of current.

= The current decreases
from left to right.

» There are not significant
differences between the
different currents.

(2
@ Jefferson Lab
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-Ovs. W

» To the right are plots of 0 vs
W for the A\, 1*, 11, and p
as function of current.

= The current decreases from
left to right.

» There are not significant
differences between the
different currents.

. 2
@ Jefferson Lab
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2:Pvs. W

» To the right are plots of
momentum vs W for the
N\, %, 11, and p as
function of current.

= The current decreases
from left to right.

» There are not significant
differences between the
different currents.
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>:Ovs. W

0 10 20 30 4 50 60 70

= To the right are plots of B vs ..

a8

Wforthe A, ", m,andp i

24

as function of current. - 28

= The current decreases from -
left to right.

» There are not significant
differences between the
different currents.
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AP vs. W
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-AO VS. W
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2: APvs. W
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2: A\Ovs. W
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2: AWvs. W
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2: AO

= To the right are plots of the .,

dO distributions for the 11,
1, and the proton for the
following currents: 1350,

1100, 900, 800, and 700 A. ~

» Thes results mirror those of
the AB, with broad
distributions and shifted
means.
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2: AP

» To the right are plots of the =#—
dp distributions for the T,
1, and the proton for the
following currents: 1350, ;
1100, 900, 800, and 700 A. ™ )

» Thes results mirror those of = s
the AB, with broad
distributions and shifted -4

means.
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: AO

= To the right are plots of the 1 CTTTTTTT 1 CITTTTTTT ;
do distributions for the Tr*, "= t + RS
1, and the proton for the 1 [ +
following currents: 1350,

e ] 038 E ”5 ’
1100, 900, 800, and 700 A. .=, +* P °-;_;j; + + +

u Thes reSUItS mlrror those Of 700”500 500 1000 1100 1200 1300 7400 700 800 900 1000 1100 1200 1300 1a00 700800 800" 1000 1100 1200 1300 100
eal

Beam Current [A] Beam Current [A] Beam Curren t [A]

the Ae, With broad @‘w‘1'"'W'f"l””—””w”l”w: ’P:—AB_‘W.H.‘...‘..,..m..‘.q.‘. mevmvlmwwwmwm\m-t

0.132f- . 0.385[

distributions and shifted oo * ;T

700 800 900 1000 1100 1200 1300 140I] 700 800 Bﬂ[) 1000 11I]0 1200 1300 1400 700 800 900 1000 110I] 1200 1300 14[)0
Beam Cu [A] B [A] [A]
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» To the right are plots of the
dp distributions for the 11,
1, and the proton for the
following currents: 1350,
1100, 900, 800, and 700 A.

= Thes results mirror those of

the AB, with broad

distributions and shifted

means.
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SELECTION CUTS

u I made Some Cuts initia”y: |;KL+|;-> 4+ A MxZvs Mx w:’:’:‘::ﬂ;‘“‘:a ;l+|;->n‘+2°:fostx L_,_r,_,.,_r,_::::"‘amng-rf-:K*q-_ : Mx? stxL,_r,_,.,_r,_
~M,<0GeV:[M, =K + p-A—ml] 5 A =
—M,? <0.081 GeV?: [M,? = E? w o
2 é_ ” 0. —D.\‘:é—
pXZ ] * * —_0.2 —uzé—
— Py Pyy < 0.094 GeV : L %

- These removed ~1 O% Of the /\ and 051 5.080.060.040.02 0 nuzsu:ﬁ?‘??ﬁo:vnﬂ 0 "ttousousuo;-u-uao nuzumnc)l‘&?ﬁogvnﬂ 0 ’“'h;oosousum-nuzu 002004025?502‘,0]1 °
50% of the 3. % e M S,
» Then | did some machine learning 2
. . 1.5
within ROOT TMVA. 1
0.5
7011)-.2 7011'5'7&'?1' :0‘0:\‘ &l;'l:OA‘U-; IUJ.PI“;;.SLD,E 005 01. 015 0.2 0 701%-.2.: 7011‘5 4:'1;0‘05‘ El 0.05 U.1l. 0:'15:.012 o
%, [GeV] Px, [GeV] Px, [GeV]
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Original data set, D, Update weights, D, Update weights, D,

Background rejection

https://vagifaliyev.medium.com/adaptive-boosting-simply-explained-through-
python-eebdb988de66

Jefferson Lab

BELOW ARE THE RESULTS FROM THAT INITIAL ML TRIAL
Boosted Decision Trees (BDTs)

= Multiple models were tried, but the BDTs showed the most promise in this
preliminary ML trial.

» The best model, Adaptive BDT + Decorrelation, removed only removed 5% of the
N and 90.7% of the 2.

Background rejecti ignal efficien
ackground rejection versus Signal efficiency TMVA
1_ —E__- - T T T T
ey

C s 31
0.9 C \":--\"“H. \ O
E e ¥

0.8 C \ \
0} : \ i
E  MVA Method: k 3
0.7 = BDTD \\ B
0.6 Ty BET X
- ———BDTG \\
0.5F RuleFit '
= KNN \‘E
0.4 - LIKEm'i:ﬁﬂdl-'L. [
F ——— LikeliioodMIX -

0.3 - BDTB

P} =T I W DU I S DU U PPN A
0.1 0.2 03 04 05 06 07 08 09 1
Signal efficiency
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NEURAL NET

= | developed a new model using a neural net,
or Multi-Layer Perceptron (MLP), with the
sklearn package in python.

» | used ~33K A events and ~6K X events,
using the physics-based generator with both
coming from a run the nominal current.

Neural Network Architecture

Input Input

Weights Activation function

otitbut Hidden

)(z_b
@ o
Xy Node

Output

= Procedure
— | started off with 24 variables related to the
A\: the momenta and energy of the proton,
A, 17, and x, along with the masses, p-,

2 2
rnT ) and ET of the A and the x. https://ik.imagekit.io/upgrad1/abroad-

§

images/imageCompo/images/ChatGPT_Image_Nov_20 2025 03 _47_
56_PMTT18DE.png
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APCZ

X A*
NEURAL NET % ece
AL LA L ¥
,(v(’(’( 7(5"‘
L
A, <= =

= Procedure continued

o 2 7

— Used PCA to reduce the number of variables to 20 g = - et
while keeping basically all the variance of the data ey R e
_ 9 . Jrevensio Spece
— Transformed the data with Power Transformer b 9 - Gimoiond-
» Principal component analysis / S
(PCA) rotated the data to a https://towardsdatascience.com/pca-clearly-explained-how-when-
. . . why-to-use-it-and-feature-importance-a-guide-in-python-
space where each direction is a 70274582¢37el
variance within the data as mean radius mean radius
opposed to a variable. 100 80
. 75 60
= Power transformation transforms . N
each variable so that it is » »
Gaussian distributed. 0 0

10 15 20 25 -3 -2 -1 0 1 2
https://www.yourdatateacher.com/2021/04/21/when-and-how-to-use-power-
— transform-in-machine-learning/ e GRORCE
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NEURAL NET

= Model
— Makx iterations = 400
—1 hidden layer of 10 nodes
— The rest of the hyperparameters were at their

FTEXXXXXXX,

292229990 0202099999999

default values @
— The Test and training scores were 0.988 and 0.985,
respectively.
» Scores closer to 1 signify better models and the
closer the test and training scores are, the better ;;3;.:;
the model is in terms of overfitting. /
The picture on the right is a graphical representation
of the model.
O . e
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NEURAL NET

» The images on the right show that the model performs very
well.
— Only 6.4% of Zs would be misidentified as a A
— Only 0.73% of As would be misidentified as a 2

= The new model is significantly better than the old one

Sigma -

True label

Lambda

Sigma

Predicted label

Decision Probabilities

Lambda

0.8

0.6

0.4

0.2

Model % N % 2 Retained ——
Characteristics Retained BDT NN T
Accuracy 0.985 90 6.5 0.2 1
Precision  0.990 95 9.3 0.7 e
Sensitivity  0.992 98 141 27 *
Specificity 0.935 99 19.7 9.1
F score 0.991
@ Jefﬂ;gon Lab 37

|

f T T
0.2 0.4 0.6

Probability of being a Lambda
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T
0.8
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High

pcal6 o0 +-—

HAT IS OUR NN ACTUALLY DOING? B
pcas --—+—
pcal -—+ .
= Using the SHAP package within python, the variables *** o S
H pcald ——+—-.. .
that are most important to the model can be found. s C—y o
= The plot to the left ranks the 20 PCA variables from w5 P
most to least important. peaz =
= From the PCA transform we can see which of our E: . l'
original variables are associated with each PCA bcat —
variable. Full listing in back up slides. pcal3 Cemee -
= Top variables piz +
- pca1 6 /\m, XE’ sz p|:)ca3 +
- pca4: /\ETZ’ /\mTZ’ /\pT’ /\pz’ ppz’ Xm pcalo +
—PCad: Xy,  Xyros Xpt pcall et
—_ pca1 /\E’ /\ET’ /\mT2’ /\py, /\pz pca9 +
—pcal2: Ag,  Nero, Atz Nots Pes Xy XinT2s Xp1 Xoxo Xpy ™° - + - L

WASHINGTON, DC
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ARIABLE DEFINITIONS

" E* = E2pe®l(pr? + (P + Py + P.))
. mT2 =E2- p22
= Decorrelation
— Calculate the covariance matrix
— Take its squareroot
—The new variables are product of this inverse and the original variables
_Xnew = (C’)_1Xold
« X is the column vector of the variables
« C’ = (Covariance Matrix)?-°, which means that C’*C’ = Covariance matrix

THE GEORGE
,7 WASHINGTON
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ARIABLE DEFINITIONS

= T, F, N, P are True, False, Negative, and Positive, respectively.
= Accuracy: (TP + TN)/ALL , a measure of how accurate the model is in general

» Precision: TP/(TP + FP), a measure of how well the model is at discriminating
against false positives

» Sensitivity/Recall: TP/(TP + FN), how well the model is at correctly predicting the
positive cases

» Specificity: TN/(TN + FP), how well the model is at correctly predicting the
negative case

» F score: 2*(Precision*Sensitivity )/(Precision + Sensitivity), the harmonic mean of
the precision and the sensitivity. This is a measure of how well the model is at
identifying positive cases and discriminating against false positives.
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pcat pcal pca2 pca3 pcad pca5s pcab \
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