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RG-E Overview

Alook data in 2024 using a dual
target system of LD2 and Al, C, Cu,
Sn, Pb

ARecently finished our pass 1
cooking
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Motivation e+A DIS

T T T ‘ T T T 1
EIC v's =89 GeV
(upto A = 238)
EIC v's =20 GeV
(upto A = 238) |

JLab RGE Vs =45 GeV
“ (D, G, Al, Cu, Sn, Pb)

JLab Hall C v's =3.4 GeV
= ('H, D, ®He, *He, ]
Be, C, Cu, Au)

HERMES v's =7.2 GeV

fGoal:'Q TQ e for different nuclei

AMeasurements of more nuclei in
CLAS and HERMES phase space

AJser un 20030 as a 0
to develop the cuts

AJsing LD2 + C today with ~50% of
the data (11.9 fb-1/24.56 fb1) for
Cross sections

Q? (GeV?)
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Outline

Common electron selection:
Ariducial cuts

APartial sampling fraction cuts
ASF vs. Edep cuts

Alarget vertex cuts
ASimulations

Inclusive DIS analysis:
AEfficiency corrections
AComparison to theory
AJnfolding
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Outline

Common electron selection:
Ariducial cuts
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Event builder electrons and kinematic cuts

_ BGE‘L‘DZ + C : 20030 Pas 1

fStart with particles assigned as R
electrons by event builder in the 5 |
forward detector :
Arhese cuts include: |
OHTCC N > 2 s
0SF vs Edep M + 5L°J 0.0 02 04 06 o8 10 O

0Epc, > 0.06 GeV
A\pply DIS cuts:

o0y<0.85
0Q2>1 GeV?
oW > 2 GeV

108

10*

10°

102

10!

[TH RIVERSIDE

10°




RGE LD2 + C : 20030 Pass 1

W 0.35r

PCAL Fiducial cuts o

0.25F

ANear the edge of the PCAL, get a
lower sampling fraction R

0.10

ARemove this region by applying a

il {10

{102

PCALW>9cmand PCALY >9cm .l -

~ 10 15 20 25 30

cut

10°
PCAL V (cm)

W 0.35————T——

(9]
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025 |

0.20f-
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0.00

o 5 10 15 20 25 a0

PCAL W (cm)

RGE LD2 + C : 20030 Pass 1

10°
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10!
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PCAL U (cm)
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DC Fiducial cuts (new!)

MParticles near the edge of the drift chambers have poor reconstruction quality
and they can be removed by cutting on the yield

Bee Udi ds talk for more detail s!
RG-E LD2+C: 20030 Pass 1
All sectors
DG Region!1 | ‘DCBegi‘onlz - _ 'D'QlRlegi‘o'n 3

10*

1 3
10° 167 "

102 102 102

101 10! 10!

0 | 100 100 100

0 10 20 30 40
8 (deg.)
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DC Fiducial cuts (new!)

50 DC Region 1
g B ‘o édée Ln;ans [ } ] 1 04
\(_’, = Cutvalue 2.3 cm 1
o 40
& 1o
L
30
102
20
L 1
10} 10
E 0
00 10 20 30 40 10

6 (deg.)

10°

102

10!

10°

x (cm)

RG-E LD2+C: 20030 Pass 1

All sectors
50 DC Region 2
g F e édge ‘me‘ans R ‘ ',
8 Cutvalue 2.3 cm - ™
Q
_8-) 60 103
L
40 102
20| 10
- 0
20 30 40 10

0 (deg.)
RGE LD2 + C : 20030 Pass 1

DC Region 2_

102

-100 101
-150
-200}
i 5 i
-200 -100 0 100 200
X (cm)

DC Region 3
E 120 | e Edge Jmeans ‘ =t
= Cut value 5.6 cm 1
- 1 03
102
10!
10°
DC Region 3
2001
10°
100
102
100}
10!
200
b i sy o 0
3q800 -200  -100 0 100 200 300 L

X (cm)
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Partial sampling fraction cut (new!)

ACan remove pion contamination
further

Apply fiducial cuts prior to this
procedure

0.0 GeV < p < 2.0 GeV

RGE LD2 + C : 20030 Pass 1
Sector 1

2.0 GeV < p < 3.0 GeV

o 025 o 025
= = B
< <
& 0.20 € 020 :
w w
10° s
0.15 0.15
0.10[ % 102 0.10
0.0s| 8 0.05]
\ 1
0.00 B 19 0.00 \
\\ \\
-0.05 . -005 ‘ 2
000 005 010 015 0200 000 005 010 015 020
Eecin'p Eecin'p
4.0 GeV < p < 5.0 GeV 5.0 GeV < p < 6.0 GeV
o 0.25mmer o 025 A
e c e 3
=4 E £
& 020 & o203
. :
015 10 015/
0.10} 019
0.05
0.05 10° G
0.00
0.00 \\
N -0.05
0.05 N N
000 005 040 045 020" 000 005 010 015 020
Eecin/p Eecin'p
7.0 GeV < p < 8.0 GeV 8.0 GeV < p < 9.0 GeV
o 025 o 025
2 F]
[s] o
o o
w w

-0.10

0.00 0.05 0.10 0.15 0.20

Eecin/p

10°

-0.10

0.00 0.05 0.10 015 0.20

Epcal/p

Epcal/p

Epcal/p

-0.05

-0.10 \

3.0 GeV < p < 4.0 GeV
SR ‘

0.25
0.20
10
0.15
0.10
0.05) 10°
0.00
\\
0.05 . 100
000 005 010 015 020
Egcin/p
6.0 GeV < p< 7.0 GeV
10?
10'
N
-0.10 10°

0.00 005 010 015 020
Eecinp

9.0 GeV < p < 12.0 GeV

0.20

0.15

0.10

0.05

0.00

10°
0.00 0.05 0.10 0.15 0.20

Eecinp
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Partial sampling fraction cut (new!)
An Each SF(ECIN) bin, fit SF(PCAL) with Gaussian

Acit p - 2.50 from these fits with a line in each momentum bin
Arocedure developed by RG-A

RGELD2 + C. 20030 Pase | RGE LD2 + C : 20030 Pass 1
_Sector 1,5 GeV<p<6 GeV

0.05 < SF(ECIN) < 0.06 0.06 < SF(ECIN) < 0.07 0.07 < SF(ECIN) < 0.08 0.08 < SF(ECIN) < 0.09 0.09 < SF(ECIN) < 0.1
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I 1 1000~

- 1500

1500 1000

0.2 00,0 0.1 0.2 00‘0 0.1 0.2 OO‘U 0.1 0.2 OO.U 0.1 0.2 _I
SF(PCAL) SF(PCAL) SF(PCAL) SF(PCAL) SF(PCAL) <
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T o0of T T 7 47 T 5| T T T T " | ~ i
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150 \ B ~ ]
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00.0 0.1 0.2 O(‘)‘O 0.1 0.2 : OO‘U 0.1 0.2 OO.O 0.1 0.2 0'06 008 01 O 01 2 01 4
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SF vs Edep fit

ACan tighten the SF vs Edep U+ 50
cut from event builder to p + 3.50

Apply fiducial cuts beforehand

/P
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/P
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Vertex cuts

Apply all previous cuts and then fit
with a double gaussian to isolate the
targets

Asolate LD2 peak with g, 5, * 30, 5,
cut and carbon peak with p + 50

Bee Udi t al k f
developments!
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Impact of cuts on event builder electron yield

A Apply cuts one-by-one and quantify electrons removed

Cut name % of Event Builder electrons remaining
after cut
Event builder electrons 100%
DIS 65.8%
PCAL & DC Fiducial 56.1%
Partial Sampling fraction 46.1%
SF vs. Egep 46.0%
Vertex 41.9%
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Simulations

ATwo main simulators so far in RG-E: clasdis + GiBUU
ACan be used for efficiency corrections and unfolding
AUse a different set of fits but same cut flow

Mote: Need to regenerate simulations with more statistics and latest
software versions but showing old clasdis files today

[TH RIVERSIDE



Simulations

A'wo main simulators so far in RG-E: clasdis + GiBUU
ACan be used for efficiency corrections and unfolding

AUse a different set of fits but same cut flow

MNote: Need to regenerate simulations with more statistics and latest
software versions but showing old clasdis files today

RGE LD2 + C : clasdis

DC Regio
P

-100[- %

& [TIRIVERSIDE

X (cm)

< B 0
e - - 100 150 0
X (cm)
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Simulations

Arwo main simulators so far in RG-E:

clasdis + GiIBUU

ACan be used for efficiency
corrections and unfolding

AJse a different set of fits but same
cut flow

Mote: Need to regenerate
simulations with more statistics and
latest software versions but showing
old clasdis files today

RGE LD2 + C : clasdis

P
o
w
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o
w
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Eecin + Eecout)/
o o o
S oo e
(%)) o wn
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o
>

9 V0.08

I PR !
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Slector ft

P

A -
S -,
=

+ Egcour)/P

©o o o o o
- n n W w
O o L o &

(Epcac + Eecin

0.10f

llllllllllll

[TH RIVERSIDE



18

Simulations

Arwo main simulators so far in RG-E:

clasdis + GiIBUU

ACan be used for efficiency
corrections and unfolding

AJse a different set of fits but same
cut flow

Mote: Need to regenerate
simulations with more statistics and
latest software versions but showing
old clasdis files today

Sector 1 Sector 2
T T T T T T B0000fF T T T T T T T T
60000 EE LD2 . mm LD2
: 1 50000}
so000] ™ © 1 | m=c
b 1 4o000fF
40000 E
30000 | 8oooop
20000} 20000
10000} + 10000}
0’ .......... ] 0 .

RGE LD2 + C : clasdis

%25 -100 -75 -50 -25 00 25 50

PP R - b TP
-125 -10.0 -75 -50 -25 00 25 5.0

v, (cm) v, (cm)
Sector 3 Sector 4

1 L B N T ] T ™ L I B T T
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| wm C {1 so0000f ™= C
40000}~ ] i

40000[-
30000 1 ao000f
200001 1 20000F
10000} 4 10000f
0 0

L ; S | ]
-125 -100 -75 -50 -25 0.0 2.5 5.0

- | - | - [P
-125 -100 -75 -50 -25 0.0 2.5 5.0
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Sector 5 Sector 6

60000 o 102 L ] eoooo| mm o2 1 ]
50000| W C E 50000 ™= C
40000 1 40000
30000; 1 30000;
20000} { 20000}
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0E - S B I ] g R

%25 100 -75 -50 25 00 25 50
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Ll P — e (I
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v, (cm)
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Wrapping up common analysis techniques
Alo-do:

oTest sector + target dependence
oRegenerate simulations

AAiming to document all of this in a common note and submit it for review by the
end of summere Feedback wel come!

ANote: While these cuts will serve as a common baseline for our run group,
analyzers can tighten cuts as desired

[T RIVERSIDE
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Outline

Inclusive DIS analysis:
AEfficiency corrections
AComparison to theory
AJnfolding
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Definition of cross section

d20'7; 1

drdQ2 Az AQ2

N;

R; €; Lint

'Cci

)
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Definition of cross section

d20'7; 1

dr dQ? |Ax AQ?

Apx gFCkinematic bin volume
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Definition of cross section

d20'7; 1 Nz C
— ) "LYen
drdQ? Az AQ? R; € Lin

Apx gFCkinematic bin volume
AN.: Number of reconstructed electrons in bin i that pass cuts
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Definition of cross section

d20'7; - 1 Nz C |
dedQ? Az AQ? [Rile; Lt

Apx gFCkinematic bin volume
AN.: Number of reconstructed electrons in bin i that pass cuts
AR.: Radiative correction in bin i
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Definition of cross section

d20'7; 1 Nz

drdQ2 Az AQ? R; € Lin

Apx gFCkinematic bin volume

AN.: Number of reconstructed electrons in bin i that pass cuts
AR.: Radiative correction in bin |

AC. ; Coulomb corrections in bin i
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Definition of cross section

d20'7; 1

drdQ2 ~ Az AQ?

Apx gFCkinematic bin volume

N;

'RZ-

€

Eint

AN.: Number of reconstructed electrons in bin i that pass cuts

AR:: Radiative correction in bin |
AC. ; Coulomb corrections in bin i
Al.: Efficiency correction in bin i

'Cci

)
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Definition of cross section

d20'7; 1

dr dQ? Ax AQ?

Apx gFCkinematic bin volume

N;

R; €;

[:int

AN.: Number of reconstructed electrons in bin i that pass cuts

AR:: Radiative correction in bin |
AC. ; Coulomb corrections in bin i
Al.: Efficiency correction in bin i
Al. . integrated luminosity for runs

[T RIVERSIDE
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Definition of cross section

d20'7; - 1 Nz C |
drdQ? AxAQ? R; ¢ Lt

Apx gFCkinematic bin volume

AN.: Number of reconstructed electrons in bin i that pass cuts
AR.: Radiative correction in bin |

AC. ; Coulomb corrections in bin i

Al.: Efficiency correction in bin i

Al. . integrated luminosity for runs

AViotivated by Equation 4 from V. Klimenko, et al. (CLAS Collaboration), Phys.
Rev. C 112, 025201 (2025).
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Radiative and Coulomb corrections

AGet radiative and coulomb corrections with EXTERNALS
oMore details: S. Moran et al., Phys. Rev. C 110, 025202 (2024)
ANote Coulomb corrections are ~1 for carbon but bigger for other targets

-c \L|D2\+\C.I y<.8\5| T ‘ T T T | LD2 + C
@ ] Q " — T T L
o r7. Q I o Removed by cut |
&40 * AA';';’:# N o 1-14¢ o 10¢Q%20
512 cediipRnRIRe: ﬂ““"" i 20¢Q?<30 |
M i ll""‘\ill'":l"“"i 1 1120 s_0<02<4_0 ]
© i |l'"“|llll'llll|.;|"' o Removed by cut ) R 4_0<02<5_0 1
1.0 H > - i o 4.0<Q%<5. ]
| llll I'l'll .3!!!! o 1.0¢Q%<2.0 i 110} 50¢Q%¢6.0
I §33350c00°°% %000 20< Q<30 | i . 60¢Q770 |
0.8 lll Seageioo®t e, e 2 - L o 70¢Q?<B0 ]
-of Ri seele R o 3.0<QP<40 ] 1.08[ 80¢Q? 00
| 3300, ere o 40<Q*<50 | i o 90¢Q°<100 ]
0.6_* o 000 ° o 50¢Q?<6.0 1.06- e 100<Q%<¢11.0 7]
e, : o B0<Q<70 | 104l ;
04 7" %% 0 et . 70¢Q2<80 i ° ]
o o 8.0<Q2 <90 | 1.02] ) vooo® Lo o o .
02 o ° o 9.0<Q%<10.0 - i 0o o ° cocizoesaRRinannnnanREeRREtet |
i ° i 1.00- oo LT L LU LT HITEICELUEEEL LU
| o, o 10.0<Q° <110 | [ "o L R R R ]
0 8 L L L | L L L ] L L L ] L L L | L L L ] O_O 0_2 0_4 0-6 0-8 1-0
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Efficiency corrections

AJse clasdis to correct for efficiency

In each bin
A *;] each bin where 0; gds

the number of electrons that pass
event builder reconstruction and cuts
INn bin |

30

1.62<Q%<1.70

O 1 | T
= |
Z
Z B o
O °l L I... .l‘l..’.o
01 02 03
X
5.50 <Q?% ¢ 5.80
O1F I I
= | _
Z
~ = .
Z | |
O ) ’1 I L ! I I !
0.4 0.6
7.99<Q%<8.43
&) 1 T T T e
= |
Z
=~ .
(&)
2 |
Z i . "!!6 i
0 Ll ol l.] el I T I 1§
0.5 06 0.7
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1.62<Q%<1.70

Efficiency corrections

Nrec/NMC

AJse clasdis to correct for efficiency 0555 0'3
In each bin X
Fl . " . 5.50 < Q% ¢ 5.80
A = each bin where 0; g.is 2%1 | |
the number of electrons that pass o
event builder reconstruction and cuts = | o]
in bin | N
o 0.4 0.6
MNote: this will change when 700t cass
unfolding is fully implemented QI T e
> |
Z B "!’i |
0 RN bR R B
05 0.6 0.7

X [TARIVERSIDE
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Q?=1.66 GeV?
— = LA

- 4
n
al

Cross sections

d?0/(dQ%dx) (nb/GeV?)
=
o

[$)]
o

~J
al

— .
Yadism E
Reco RGE data |

. . 50; -’o..... :
ACompare obtained cross sections to e T
theory predictions from Yadism o e B R
Q°=5.653 GeV® _
0A. Candido, et al., Eur.Phys.J.C 84 3% . Yadsm
(2024) 7’ 697 22.5;— . © Reco RGE data—;
— 2.0 ~

AJsing NCTEQ15HIX PDF set g \
OE. P. Segarra, et al., Phy® b :
103’ 114015 0.}} 02 04 0.6, 08 1.0
KGood agreement c’'O® 0 o ~Gremegee
X 'O® , off at lower and higher 8 .| L e e |
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P 02} ®ocs 1
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Next step: Unfolding

AGiven the measured data, want to remove detector effects and bin migration to
get true physics information

AJnfolding with an ML-based version of Iterative Bayesian Unfolding

olBU used in V. Klimenko, et al. (CLAS Collaboration), Phys. Rev. C 112, 025201 (2025)
olBU version we'll use detailed here: R. Milton, et al., JINST 20, P05034 (2025)
Moing the unfolding with multiple observables simultaneously

[T RIVERSIDE
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Summary

ACut procedure for pass 1 is working well with sector and target dependence
still needing investigation

Anclusive DIS cross sections look promising for carbon so far, but new
simulation is needed and unfolding needs to be implemented

Alan to submit common electron analysis note during summer, so feedback is
more than welcome!

Thank you!
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Backup
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X-Q2 fine binning

RGE LD2 + C : 20030 Pass 1
&‘* | b N L [ " f’11. . [ bt | 104
= ol y=0.85 )
9, i
G |
8 B 103
6 | 102
4_ —1
: 101
2_ —1
I | | | | ! | 100
0.0 0.2 0.4 0.6 0.8 1.0
X
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edge counts

d N /d edge

Example of DC fiducial cut

DC Region 1, all sectors DC Region 2, all sectors

DC Region 3, all sectors
theta [21, 22) deg, Positive particle: g
| | T T T T | T T T T ‘ T T T T ‘ T T T T | ]

theta [21, 22) deq, All non-electrons
[21, 22) deg, All non-electr theta [21, 22)

* deg, Negative non-electrons
E w 27 | i i i T ‘ i T i i | i i T i ‘7
4x10° o 4x10° 56x10
o 8 4x102
O 3%x10° © 2
3x108 > %suo
o X O 2,102
2x10
2X103' 1027 ]
6x10!
3= _
10°7 | 4 %101
3x10!
| | | | | | | | | | | | | | ‘
| ] | | 8, - () \ T \ T \
3 2000} 2
1500 — - - g 100 ]
E 1500} - _ ]
prd I 1
1000 14 © i - °0F ]
1000} i 1
i - ol - LA
500} 500} B V
- -50[- _
Oj OZ i i
:| | _5007 _100;‘ I R T R S N N S N ‘;
0 0 5 10 15 20

edge (cm)



SF vs E 4, Procedure

1,Sector 1

Pass

RGE LD2 + C : 20030
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RGE 20030: C reconstructed
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All efficiencies
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Closure test (old results)

Alo test the unfolding procedure, use a closure test with two Monte Carlos

AJse clasdis as pseudodata and GiBUU as simulation data. Run each through
electron selection. Currently only using 500k events for unfolding

Auafter unfolding, should get the truth-level clasdis distributions
Anfolding variables: Q2, x, p, &, U

L
e

Event
weights

Event
weights

RIVERSIDE
14



Closure test (old results)

ASee overall good agreement between truth and unfolded distributions

AThe input to the unfolding are observables from electrons that pass selections.
We are not yet correcting for efficiency

AJnfolding multiple observables maintains correlations between them
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Closure test (old results)

ASee overall good agreement between truth and unfolded distributions

AThe input to the unfolding are observables from electrons that pass selections.
We are not yet correcting for efficiency

AJnfolding multiple observables maintains correlations between them
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