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Booter injection

« Booster injection process sets maximum beam
brightness for rest of acceleration through RHIC

* Known emittance effect on polarization loss

 Intentional horizontal and vertical scraping reduce
emittance to RHIC requirements
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LtB controls and measurement

13 quadrupoles and 16 correctors between Linac and Booster
Injection efficiency: Booster input, early, and late intensity

Beam size measurement at MWO0O0G in BtA
Polarization measurement at AGS pCNI polarimeter
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Booster to AGS transfer line

« Extraction septum at F6 in Booster,
injection septum at L20 in AGS, no
scraping

« 15 quadrupoles, 2 major bends (15°
DH2 & 3), 3 small bends (2° DH1, 1°
DH4, 8° DH5)

* Multi-wires MW006, MWO060, MW125,
MW166
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BtA controls and measurement

« 5 major bends (4 power supplies)
2 horizontal correctors, 4 vertical correctors
« 7 focusing quads, 8 defocusing quads
« Injection efficiency: Booster late, AGS early intensity
« Emittance at AGS IPM
« Polarization at AGS pCNI polarimeter
Booster-to-AGS (BtA)
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LtB optimization result @t

Beam size during Itb BO scan
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LtB optimization result
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BtA optimization

« BO maximizes beam transmission efficiency using BtA optics.
« Badger successfully deployed in the control room after customization for the BNL control system.

Badger v1.4.4 (Xopt v2.6.8) - o x

History Navigator Jaluatio : X Ax - ¢ Axis (V: .
Wetadors R (igritm Evaluation Hi Plot Type X Axis |Time Y Axis (Var) |Ra

i Load Template E
sphere_3d-2025-04-21-120440.yaml B o

2025-04-17 i
. S ST Environment | BtoA Open Playground ~ Parameters  Variable Search  Open ©
O 2025-04-15
3 BtoA-2025-04-15-122714.yaml Auto mode is on. To manually set the variable ranges and/or initial points, please uncheck the
|- BtoA-2025-04-15-114656.yaml "Automatic" check box.
Bt0A-2025-04-15-114130.yaml =
BtoA-2025-04-15-113119.yaml @ Automatic | Refresh

Machine Performance Trend BtoA-2025-04-15-111701.yaml

BtoA-2025-04-15-111310.yaml| Set Variable Range  (¥] Show Chx
BtoA-2025-04-15-105823.yaml|
BtoA-2025-04-15-105240.yaml|
BtoA-2025-04-15-103126.yaml

2025-04-11 —— = =
2025-04-10 |
= 7 - MM

Add Current  Add Random Clear All

Min Max

v120-ps:setpc v181-ps:setpc

-6.24452

Run Data
22:05§00 22:06:00 22:07:00 22:08:00 22:09:00 22:10:00 22:11:00 22:12:00 22:13:00 is:dataM/gpn 1127-ps:setp 1158-psisetp /120-psisetp /181-psisetp
202 0.638 -7 D44 1.70371 4.803: 9829
Time

203 0.6118 -7.80044
gpPM.AGS_AftTrar

204 0.647491 7.80044

Detune #1  Reset Detune #2:

BtA vacuum valve closed

Current routine: btaexp2




BtA optimization results

« 20% improvement from operational settings during latest test.
« Emittance measurement from IPM is very unreliable, no working BPM in BtA line.
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NP Al-Ready Accelerator Data (NARAD)

Goal: Develop FAIR, context-rich, Al-ready accelerator data and common ontology for cross-
facility Al applications (BNL, JLab, LBNL, PNNL).

BNL use case: BtA transfer line

Example Query:

Facilities = N Data Services " Estimate the radiation level at radiation
— Facility Knowledge = y " :> detector “INX2L04" using PVs of the
J-T Graph g - previous CryoModule “2L03”
~—s Contextual Subgraph ﬁ
Extraction
NP-Augmented Facility Knowledge Graph
PALS
+

Facility Profile

Al Supervised Learning: : I AR

Y =NN(X) =Traditional

&) @)@

Temporal
or Data
Y =GNN(X) = Advanced  gyraction
N . 2 ——
% Y
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NARAD LinkML schema

« LinkML is a flexible modeling T e NARAD Schema
language that allows user to create | [t |
. Beamivies irtualComponents ! sicalComponents
schemas (“models”) in YAML that g || MANCOOONE | e e e ST
describe the structure of their data. s N o ectComonas
« A human-readable YAML accelerator [Miﬂmtis S S
. Beamline arker acilitySpace —EL
schema defines: o e o ey L
. Quadrupole Iro e 7 Multyi ole Bam"w:c!nm,m!or, RFCZ‘:vi
- Components and beamlines =l e el e
« Physics parameter groups ] ] ] ComponentRelation
. . . Signals Parameters SignalBindings ParameterBindings oo
« Signals and relationships | Ei | | Smmma | | A N ———

Required fields, types, and
controlled vocabularies

_____

LinkML validation catches structural
and semantic errors early.

_______

e

L

—
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PALS lattice to skeleton NARAD schema

description: Control-system-neutral NARAD skeleton generated from bta.pals.yaml.
kind: PALSAccelerator

Input information: version: 0.1.0
d PALS Component definitions - 'Tr;nslated from Bmad lattice file: bta.run_oct30.bmad'
- Generated from PALS source data without control-system enrichment.
« Element types and lengths _ facility:
. == components:
« Bend and multipole parameters - id: inst:BEGINNING B1
. klnq: BeginningEle
* Nested beamlines native s
* Inheritance - Beginning Ele
¢ Repetition and reversed |ineS ;el(:l:{:ne_relation: Inline
Re;iﬁi;?fpé1eoosso1e.715229
Generated NARAD information: L6 1nsL/BECTINING.B1/Reference?
- facility.components | “beta_a: 12.500304
- . beta_b: 4.07294188697497
° faC|||ty.beam||neS alpha_a: 1?8229922226623:42
. ) alpha_b: -0.6499756770851368
 facility.component_relations eta_xi 2.7207960780961375
_ — etap_x: -0.4222600658627664
° Empty S|gna|s id: inst:BEGINNING_B1/TwissP

« Empty signal_bindings

- id: inst:BTA_LINE_DR0@1_PRECEDES_MW0@06
subject: inst:DROO1
predicate: pals:precedes

object: inst:MwW@06
context: beamline_order
beamline_context: inst:BTA_LINE




BtA NARAD instance with Control information

Device information

 |dentifies BtA-specific device types

» Classifies MWO006 as a BeamProfileMonitor
« Adds wire count and spacing metadata

« Classifies PUE devices as

MWO006

BeamPositionMonitor

ADO information
« Uses regex naming rules for quadrupoles,
kickers, and multiwires

« Creates one Signal for each native ADO
endpoint

« Creates SignalBinding edges between
components and signals

MetaP Readback

nbr_wires x
nbr_wires y
spacing_ X
spacing_y

Signal Status Signal
btaMWO006Cntl: btaMWO006Cntl:
horinDataM harplsM
btaMWO006Cntl:
verinDataM
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BtA RDF/OWL graph

« Resource Description Framework (RDF) graph: makes BtA model queryable as a graph

« Web Ontology Language (OWL) graph: include formal meaning and hierarchy of NARAD
classes and predicates

[ DRO0O01 Jﬁ pals:precedes 4’[ MWO0O06 Jf pals:precedes 4{ DRO006 J

— pals:has_readback_signal — btaMWO006Cntl:horInDataM

— pals:has_readback_signal — btaMWO006Cntl:verinDataM

— pals:has_signal —  btaMWO006Cntl:harplsM
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Archive to Al-ready dataset

[ _ ] « Python workflow to grab and process archived ADO data
ADO Archiver

« BtA beam study example: corrector and quad scans by
l Eiad on Feb 04, 2026

Extract raw data
params_mw = ['btaMw@60Cntl:horInDataM' ,'btaMW@60Cntl:verInDataM']
(HTTP Dataserver) file_mw = '/operations/app_store/Gpm/Booster/Instrumentation/Multiwires/btaMWprofile_U4.logreq’
. result_mw = parse_data(filepath=file_mw, params=params_mw, count=5000000, start=start, end=end, debug=False)
Magnet setpoint | e
fig, ax = plot_multi_series_simple_linspace(
A A result_mw,
Multiwire data perans .

time_label_format="%H:%M:%S",
max_xticks=5

l )
0.35 A1

=~ btaMWO060Cntl:horinDataM
e btaMWO060Cntl:verinDataM

Data Processing

MW background subtraction
Timestamp synchronization 0201
Quality control 3 o

l 0.05 A

[ Merged CSV Dataset J

Time (local)




0.35 A

FAIR documentation

0.25 A

0.15 A

Volts

Quality Control

« Background subtraction {\ [\ /\ f\
. . 0.00 A H o1 -,'., : H ’lu‘f& " ’]uif‘&. H sin J:: : H qu.j& ® i J.'vg, : ? '.tL“:L
« Timestamp correlation Lol oo, Joyoy VA, el V1, o o

—0.05 A

° Bad Wi re i n MW 20:2'0:34 20:2'0:38 20:2‘0:415’;me 20:2'0:47
Datacard for BtA MWO060 Quadrupole and Corrector Scan Dataset

« Missing hysteresis data

Last Updated: 2026-07-13

» Unstable acquisition (simultaneous Machine Usabily Snapshot
magnet changes) _intended Capablty _Datacard Support

GeneSis Data Card Interop?ability
 Dataset description ot e
« Variable definitions Sewsecty s

Checksum [ Fixity No

Semantic Context No

* Processing history

---- Discoverable ----

* Quality information

Description

* [nstrument metadata Dataset Description

g This dataset contains synchronized magnet control settings and processed beam profiles collected during a Booster-to-AGS (BtA) beam study
[ ] A I u Sa b I I Ity performed at Brookhaven National Laboratory on 2026-02-04. The study consisted of quadrupole and corrector scans while observing the beam at 1 6
the MW060 multi-wire profile monitor. Each row corresponds to one processed MW060 acquisition.




