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Halls A and C Deep Dive

(Software Maturity and associated labor,
User Experiences,
Beam-to-publication considerations)

Gabriel Niculescu
James Madison University

¢ Introduction

¢ Software Maturity

¢ User experiences

¢ beam-to-PRL journey
¢ Conclusions
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¢ Hall C: 5

Dual small aperture spectrometers

81X 81Y
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Calorimeter

gure 3.9: Schematic side view of the HMS detector package.

+ Low # of channels ( ~2k/spectron4eter)__, <ol o 1
. . . . ] o d 5
# No tracking in magnetic field = o sl
; W . E
(fast reconstruction code) ' W @8
+ High precision (p, angles, PID)  ——t—pgetbnndod o
¥ Tasks:
¢ Complete rewrite of the Hall C analysis code =i fm:swi -0 x
(ROOT/C++) - hcana — ot |
P = riin time: 234.5
Bu'lt on top Of HaIIA,S PODD event number:
p- k - H G_BCMZ (mC):
¢ Keep all* algorithms from engine PN
+ Document analysis algorithms doad time:
hirig: 17642
htrack/trig: 91.4%
hfid effic: 94.6%
Thomas Jefferson National Accelerator Fag wiDC cuts: 95.2%
.{effe;gun Lab Gabriel Niculescu, Software and Comy coin only: 95.2%




@ Software Maturity (s Lavor)

AND AS ©
+ hcana:

% Reconstruct single arm (HMS) events — 100%
agreem en t With engine I‘ESUItS (N.B.: this subsumes a number of steps/milestones...)

¢ Handle (HMS) scalers (read, process, report)
¢ Process coincidence events (HMS-SOS). NEW

¢ Do single arm “physics analysis” (Q2,WZ2,x...). Coinc.
reconstruction underway.

% ...while tightly integrated with Hall A’'s PODD
% ... and with a minimum of personnel

¢ JLab (Steve, Mark, Brad...)
¥ Regina (Ahmed), Yerevan (Simon, Vardan)
¥ CNU (Ed), FIU (Pete), Miss. SU (DD), JMU (GN)

¢ Excellent value as most people listed have (many) other duties.

A Thomas Jefferson National Accelerator Facilit
.{effergun Lab : {m
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Edep/P uncalibrated

HMS Calorimeter Calibration

(Ts. Amatouni, Yerevan)

-4 Two step process: replay and calibration
10000 f= g Al RIE .
- % Works on single track electron events
saon|— ¢ Selects electrons in Gas Cherenkov
i ¢ Also makes use of B,,r for e- selection
BO00 f— i - - -
- ¢ Calibration constants are saved in format
00| compatible with Engine
i ¢ hcal_calib.cpp was checked against engine,
e for the same cuts difference in calibration
- L constants is 0.001 or less
- RN SN S T SN R T
Edep/P calibrated #P versus Edep/P
nEca nbPFvsEca
C Entes 441748 B Enines 4417446
‘Jl:lill:ll'.'ll_— L ERT 09992 m; Weanx  0.9992
- RS 006549 o Mean y -4 257
o I RS x 006549
25000~ - | Sy 2149
z-:-:n:-:uf— 5::'-
- a _—;
15000 = I
10000 E-— 5 E.I- Y '.-;-'.-
samf- e
- L
) s 1 PRI T S T S | L L - P | L " M| [ | |
a az2 04 K a8 1 12 14 a a2 04 06 k] 12 1.4

wie LG 2%WIT UL
|
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Tracking Efficiency

(A. Zafar, Regina)

t 4 quantities of interest:

¢ GoodScintHit, # of tracks, ecal, Cer npe

hcHit [engine i | heHit [engineni | heHit [_onorgffana veana ot eHitpit
Entries 413712 Entries 413712 Entries 413712 Entries 413712
Mean 0.7301 Mean 0.7302 Mean 0.7301 Mean -7.251e-05
RMS 0.4439 RMS 0.4439 RMS 0.4439 AMS 0.008515
10’ - s 10* [
10" 3
-IIII|IIII|IIII|IIII IIIIIIIIIIIIIlIIII _IIII|IIII|IIII|IIII IIII|IIIIIIII|IIII -IIIIIIIII|IIII|IIII IIII|IIIIIIII|IIII :IIII|IIII"IIIIIIIII IIII|IIII|IIII|IIII
-2 -1.5 -1 -5 [+] [} 1 1.5 2 -2 -1 0.5 [+] 05 1 1.5 z2 -2 -1.5 -1 0.5 Q a5 1 15 2 -2 -1.5 -1 0.5 Q a5 1 1.5 2
hcana Tracks | hc-l-rack anging Tracks | heTrack anging Tracks I thrack | aengine and hcana tracks dif LﬂCkDif
Entries 413712 Entries 413712 Entries 413711 Entries 413712
Mean 1.203 Mean 1.203 Mean 1.20 o Mean  2.417e-06
19 RMS 0.7958 19 RMS 0.7958 15" RMS 0.7958 AMS 0.003476
1wt e 10' 10°
1w 10 10'E ||
10 10¢ 107
EI|IIIIINIIHII||IHIIIIIII|III|IIIII EI|IIIIINII"II|.|I”III|III|III|III|I INNHI“HH |IIII|III[|I"IIlIIIIIIIIIlIIJ‘
Q z2 4 1] 8 10 12 14 16 18 Q F4 4 6 8 1w 12 14 16 18 [ 2 4 & a8 10 12 14 16 18 - -5 Q 5 10 1 20
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Tracking Efficiency

(A. Zafar, Regina)

P
hcana NPEs I hCNPE engine NPEs I heNPE engine NPEs I hCNPE | angiw hcana NPEs dif \ED"
Entries 413712 Entries 413712 Entries 413712 r Entries
, Mean 11.47 . Mean 11.47 . Mean 11.47 Mean
10 10 10
RMS 3.989 RMS 3.989 E RMS 3.989 RMS
10’ 10" 1w
1025_ 1025_ 10”5—
10° -
1o 1o 10
e 1k s
:|||| ||||||||||||||||||| :|||| ||||||||||||||I|||| :|||| |||||||||I||||I|||| |||||||||||||||||||||||||||||||||||||||||||||||||
40 @ 10 20 30 40 50 e 70 40 © 10 20 30 40 50 ex 70 40 0 10 20 a0 40 =50 soff 70 05 04 03 02 01 O 01 02 03 04 05
hcana EPratios | hCEPrﬂtiO engine EPratios | heE Prﬂtio engine EPratios | hCEPrﬂtb | engine and hcana EPratio dif I'ﬂtiODif
i Entries 413712 10 Entries 413712 i Entries 418712 Entries 413712
Mean 0.9567 Mean 0.9567 Mean 0.9567 Mean -4.413e-08
a3 RMS 0.1015 wE RMS 0.1015 wE RMS 0.1915 RMS 5.55e-08
10’ 10" 1o
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1o} 1ol 10
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Tracking EfflClency

(A. Zafar, Regina) e [ wohee

hcana
hdid: 299928

hscinshould: 318101 !
SING FID TRACK EFFIC: 0.9429 +- 0.0004 0004

engine
KAEKKKKKKKKKKKKKKKKKKKKKkKKKkkKkKkKkK kK

HMS TRACKING EFFICIENCIES *
% 3 3 % 3% 3K 3 % 3K 3 % 3K 3% % 3K % %k X % %K X % % X % % X %k

hdid : 299947
hscinshould : 318123
SING FID TRACK EFFIC : 0.9429 +- 0.0004

It works!

' Thomas Jefferson National Accelerator Facilit
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Online* Monitoring

(P. Markowitz & students, FIU)

¢ "Based” on Hall A’s onlineGUI
(Bryan Moffit, MIT LNS)

¢ Display (save, print) useful information detector
information

¥ ROOT-based (highly portable, customizable)

¢ Allows for direct comparison with a “"Golden”
standard (useful for longer exp. — less kinematics

changes)

s 5) Thomas Jefferson National Accelerator Facility
Jefferson Lab . . .
2 Gabriel Niculescu, Software and Computing Review



S ala s ADC has
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Online* Monitoring

(P. Markowitz & students, FIU)

Canva
Title
= Blumi vs event number

" Nom Asym: Flumi

€ Narm Asym: Flumi corr
‘Asym; Flumi vs BCM1

© Asy
Update

Jef
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Coincidence-related calibrations
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4 e-h coincidence time :
(separate /K/p...)

¢ If present:

¢ Additional (aerogel,
heavy gas, etc.) PID
detector calibration

¥ PMT gain matching
Beta vs npe
¢+ Beta vs dE/dx

Aerogel npe

G.N.

s
N

3 Thomas Jefferson National Accelerator Facilit
Jefferon Lab "
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2. Coincidence-related calibrations

A

1.1 s . — T
; No PID Cut :é z:
iC
1.05 3 E
— Aerogel Cut _
1
é Aerogel + Lucite Cut é
0.95
E_ Aerogel + Lucite + TOlé
E Cut :
0.9 - E
ok ]
15 125 -10 75 -5 -2.5 0 2.5 5
| Coincidence Time (ns)
0’85 E L) I T L] T L] L] T L] L] 4
0.8 - ;
0.75 3 3
c o 3
0.7 1 1.05 1.1 115 1.2 1.25 1.3
Missing Mass I[GeWcz}
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-25 -20 -15 -10 -5 0 5 10 15
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reconstruction

(beam-to-prl...)

¢ Sample workflow for a

typical Hall C experiment

(engine)

% Programs &
(customizable) scripts
available to the user

% 3 Step process:

% Acquisition (Data Integrity)

% Processing (Reconstructio
Validation)

¢ Post-Processing
(Normalization, Correctior,

n,

1S,

binning, etc.)

Thomas Je
Gabriel N

Jefferon Lab

"Online” Analysis

DAQ ONLIMNE
HO HO

"OMLINE"
REPLAY P AW++

Histograms

Scan Macros

"Offline” Analysis

15t Pass

Ranw Cuts I
DAQ
HD L
"Preprocessor
or
Replay Pass
Histograms
DAGE
HO
Scaler Reports
DATABASE FILE
| DATABASE FILE
DAGE Offline
HD | HD
("Deluxe Replay E i 1
- ar - ] PAW+
Heplaﬁr‘ Paszs 2 E h, - J
N-Tuples
| Scaler Reports | *for ; *.kumac |




rond single event reconstruction (I1I)

¥ Retooling for the 12 GeV Hall C era (hcana):

¢ Workflow remains (largely) the same as the
fundamentals of small angle spectrometers have not
changed. However...

¢ Substantial "toolkit” upgrade:
¢ C++/ROOT used throughout

¢ Integration of calibration procedures into hcana (using
podd’s plug-and-play capabities)

¢ Improved documentation, access to code (GIT/GITHUB,
THtml, wiki, nightly builds)

¢ Tight, mutually beneficial cooperation with Hall A

8 Thomas Jefferson National Accelerator Facilit
.{effergun Lab ;

Gabriel Niculescu, Software and Computing Review
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Hall C "“from beam to PRL"”

Step 0: "Online” ("just offline”) Analysis

Online
'["D . Data Validation W
s
calib. € 1
(ansatz)* root
hist(s) :
DAQ
HD tree(s) ggllne
E\ J! coda \ % 0 -
. q B ﬁ —
" Rawdata ‘ /A : N
Axt c Shift
scalers scan worker(s)
EEEI?Q)S functions ': """
4
—p Rawdata f‘ S
—  Rootfiles —
Hemote users
—#  Textreports
— C++ code
-@l—p Human
interaction Gabriel fecit
. Thomas Jefferson National Accelerator Facility
Jefferdon Lab
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Hall C "“from beam to PRL"”

Step 1: "Offline” Analysis (15t pass)

Offline v

[HD , Calibration constants

|

calib. € &
(ansatz)* root
cache hist(s) 3
HD tree(s) ggme f )
e B # £ 1 ﬁ | ‘
> pl=fh
: —- | —
Raw data ' " =1
Axt A L b Student,
scalers Calibration Postdoc...
| reports | functions —
I I ‘ - 'sl
coda Remote g':
Filtered Data user(s) g'msruffua!
f;% Thomas Jefferson National Accelerator Facility
Jefferson Lab o : .
3 Gabriel Niculescu, Software and Computing Review




PRL

hdosive
maas..

.root

hist(s) HD
tree(s)

—
W
Axt %

scalers
reports

bmnlng, Po stdoc...?
normalization _’

co rrectlon(s) geeem=s

Offline ‘ ...... ’

HD -

| ixt output)

£ 3 simulation R

e input (.root output) use;?:te Gubriel fecit
J ff;? Lab Thomas Jefferson National Accelerator Facility
QE on La Gabriel Niculescu, Software and Computing Review
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& Summary
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Code:

Fully reconstructed hcana tracks match their engine
counterparts.

Substantial progress on calibration & scalers
Can do double arm, will test with HMS-SOS coinc.

User Experience:
Documentation - continuously updating (wiki, github)
Excellent JLab staff support & communication.

Intensify effort to attract/educate more collaborators
on hcana usage (tutorials, workshops?...)

g 5) Thomas Jefferson National Accelerator Facility
Jefferson Lab . . .
2 Gabriel Niculescu, Software and Computing Review



