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This document contains supplementary information about the Λ identification method in SP.1, the acceptance
correction details related to the multidimensional (6D) map variables and binning, weight definition and cut, and its
application procedure in SP.2, a summary of the contributions of systematic effects to the total point-to-point uncer-
tainty budget in SP.3, and the reported results in the last two figures, Figs. 3 and 4, of the "First Measurement
of Λ Electroproduction off Nuclei in the Current and Target Fragmentation Regions" PRL manuscript
as well as two supporting figures, Figs. S1 and S2, in SP.4. In Table S6, the z-binned multiplicity ratios are given for
all nuclei, while Table S7 (Table S8) contains the transverse momentum broadening as a function of z (A) for all nuclei.

SP.1 Lambda Identification In the sample of reconstructed SIDIS events originating from either the liquid or
solid target, one scattered e− and at least one π− and p, the decay products of the Λ, were required. To reconstruct
the z-binned (π−, p) invariant mass spectrum for each target, the 4-vector energy-momentum (Pµ = (E, px, py, pz))
of all identified negatively charged pions and protons were combined event-by-event as

PΛ = Pp + Pπ− , (S1)

where PΛ, Pp, and Pπ− are the 4-vector energy-momentum of the Λ candidates, protons, and π−s, respectively.
Figure 2 left shows the acceptance-weighted invariant mass from solid (top) and liquid (bottom) targets in which the
Λ peak sits on a huge combinatorial background (red dotted curves) that is subtracted using RooFit to extract the
pure Λ yields and thus obtain the presented multiplicity ratios in Fig. 3.

SP.2 Acceptance Correction The adopted acceptance correction for this analysis is based on a bin-by-bin
correction method. Its main advantage is that it should be, in principle, independent of the model used in the Monte-
Carlo (MC) event generator if the chosen bins are infinitely small. This is very important for this channel since it is
not expected that the employed model in Pythia would be realistic enough to perfectly reproduce the data. Based
on a comparison between MC and experimental data, the chosen AC six dimensional (6D) map variables and binning
are summarized in Tables S1- S2.

Variables Range Number of bins Bin width

W [GeV] 2.00 - 2.80 2 0.4

ν 2.25 - 4.25 3 0.6

ϕπ− [deg] 0.0 - 360.0 2 180

ϕeΛ [deg] 0.0 - 360.0 3 120

PΛ [GeV] 0.10 - 4.25 3 1.383

z 0.28 - 1.00 6 see Table S2

Total 648

Table S1. Binning for the AC map, where ν, W , and z were already defined, ϕπ− is the π− azimuthal decay angle in the Λ
rest frame, ϕeΛ is the angle between the leptonic and hadronic planes, and pΛ is the Λ momentum. Table S2 shows the z bins
used as reported in Table S6.

z−bin # 1 2 3 4 5 6

zmin 0.28 0.38 0.44 0.51 0.60 0.75

zmax 0.38 0.44 0.51 0.60 0.75 1.00

Table S2. The z bins used in this analysis.

The acceptance correction factors are defined for each 6D bin k= (W , ν, pΛ, ϕπ− , ϕeΛ, z) as

ACk =
Nacc(W, ν, pΛ, ϕπ− , ϕeΛ, z)

Ngen(W, ν, pΛ, ϕπ− , ϕeΛ, z)
, (S2)

where Ngen(W, ν, pΛ, ϕπ− , ϕeΛ, z) and Nacc(W, ν, pΛ, ϕπ− , ϕeΛ, z) are, respectively, the number of generated and ac-
cepted events in each bin k. Once these AC coefficients were computed, the data were corrected event-by-event by a
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weight ωk = 1/ACk, which depends on the bin k to which it belongs. It should be noted that if some 6D AC bins have
very small correction factors due to their poor statistics, an artificially large weight would be attributed to those bins
that would lead to spikes in the weighted distributions. To avoid this problem, the following weight cut was adopted
to minimize this effect on the weighted distributions:

60 < ωk ≤ 2400. (S3)

Furthermore, the effect of this weight cut was estimated and applied as a global correction factor, fω, to the
extracted results. This estimation was done by weighting the MC accepted Nacc events and comparing their sum,∑

ωNacc, to the generated ones as

fω =

∑
ωNacc

Ngen.
(S4)

This Nacc weighted sum is typically equal to the generated events without the weight cut, however, it is slightly less
once applied, leading to various fω corrections for each z-binned multiplicity ratio result as the pT -broadening means
are insensitive to this correction.

SP.3 Systematic Uncertainties Budget This section contains the contribution of various systematic effects to
the reported total point-to-point systematic uncertainty budget for the Λ multiplicity ratios of all nuclei in Table S3
and the corresponding z (A) dependence of pT -broadening in Table S4 (S5).

SP.4 Tabulated Multiplicity Ratio and pT -broadening Results This section contains the reported results in
the last two figures, Figs. 3 and 4, of the "First Measurement of Λ Electroproduction off Nuclei in the Current
and Target Fragmentation Regions" PRL manuscript, detailed in Table S6 for all nuclei z-binned multiplicity
ratios, and Table S7 (Table S8) for all nuclei z-binned (A-dependent) transverse momentum broadening. In addition,
the correlation between z and the Feynman variable xF is illustrated in Fig. S1 to support the discussion related
to the separation between forward and backward fragmentation regions. Furthermore, the z-binned distributions, as
well as AC-weighted averages, of the Bjorken scaling variable xB are shown in Fig. S2 and Table S9 to illustrate our
kinematical coverage for any theoretical calculations aiming to describe our data.

Figure S1. z vs. xF , where the horizontal dashed line around values of z greater than ∼0.55 depicts the discussed separation
between forward and backward fragmentation regions suggested by the sign change of xF (vertical dashed line).

∗ le334@msstate.edu

mailto:le334@msstate.edu


5

T
ab

le
S3

.
M

ul
ti

pl
ic

it
y

ra
ti

o
sy

st
em

at
ic

eff
ec

ts
an

d
th

ei
r

co
nt

ri
bu

ti
on

s
fo

r
th

e
z
-b

in
s

sh
ow

n
in

T
ab

le
S2

.

Sy
st

em
at

ic
E

ffe
ct

z-
bi

n
Po

in
t-

to
-p

oi
nt

Sy
st

em
at

ic
U

nc
er

ta
in

ty
(%

)

C
ar

bo
n

Ir
on

Le
ad

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

Pa
rt

ic
le

id
en

ti
fic

at
io

n
cu

ts
0.

69
4.

24
7.

24
1.

53
3.

16
0.

00
0.

00
0.

95
4.

34
0.

87
3.

17
4.

45
8.

05
3.

21
7.

80
0.

00
8.

59
6.

91

V
er

te
x

co
rr

ec
ti

on
s

0.
28

0.
00

0.
04

0.
22

0.
22

0.
54

1.
04

1.
28

0.
56

0.
08

0.
00

0.
13

1.
38

1.
85

0.
13

0.
18

0.
00

1.
01

A
C

6D
m

ap
va

ri
ab

le
s

&
bi

nn
in

g
3.

28
0.

00
6.

69
9.

97
9.

17
2.

33
6.

83
4.

80
0.

00
6.

42
5.

90
4.

93
6.

84
0.

00
9.

05
7.

90
6.

06
7.

23

A
C

w
ei

gh
t

cu
ts

0.
00

0.
00

10
.7

0
0.

70
0.

00
0.

00
0.

00
0.

00
9.

17
1.

86
0.

00
0.

00
5.

17
0.

00
8.

64
12

.1
6

0.
00

0.
00

C
B

un
co

rr
el

at
ed

-t
ra

ck
s

co
m

bi
na

ti
on

s
1.

80
0.

16
0.

37
0.

27
0.

53
0.

00
1.

14
0.

14
0.

20
0.

00
0.

36
0.

23
1.

79
2.

04
0.

96
0.

13
0.

00
0.

28

B
re

it
-W

ei
gn

er
sh

ap
es

7.
55

10
.8

0
25

.7
5

5.
13

8.
69

5.
77

20
.5

4
16

.3
7

13
.4

0
1.

26
0.

46
5.

27
5.

77
12

.0
2

15
.7

1
4.

92
10

.8
5

9.
52

Λ
m

as
s-

ra
ng

e
2.

10
1.

11
0.

00
0.

86
1.

87
2.

89
2.

52
1.

52
0.

43
0.

00
1.

35
2.

39
2.

24
1.

24
0.

00
0.

65
1.

69
2.

72

LD
2

en
dc

ap
s

0.
06

0.
00

0.
06

0.
09

0.
11

0.
13

0.
03

0.
00

0.
06

0.
08

0.
10

0.
12

0.
07

0.
00

0.
05

0.
07

0.
09

0.
13

R
ad

ia
ti

ve
co

rr
ec

ti
on

0.
00

2.
08

1.
26

3.
18

1.
53

0.
94

1.
30

1.
14

0.
29

0.
00

0.
95

0.
21

0.
13

0.
00

0.
81

1.
12

0.
58

1.
90

To
ta

l
8.

71
11

.8
4

29
.6

1
11

.8
1

13
.2

5
6.

93
21

.8
6

17
.1

9
16

.8
2

6.
86

6.
92

8.
81

13
.4

1
12

.6
7

21
.5

8
15

.3
6

15
.2

1
14

.2
0



6

T
ab

le
S4

.
T
ra

ns
ve

rs
e

m
om

en
tu

m
br

oa
de

ni
ng

sy
st

em
at

ic
eff

ec
ts

an
d

th
ei

r
co

nt
ri

bu
ti

on
s

fo
r

th
e
z
-b

in
s

sh
ow

n
in

T
ab

le
S2

.

Sy
st

em
at

ic
E

ffe
ct

z-
bi

n
Po

in
t-

to
-p

oi
nt

Sy
st

em
at

ic
U

nc
er

ta
in

ty
(%

)

C
ar

bo
n

Ir
on

Le
ad

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

z−
1

z−
2

z−
3

z−
4

z−
5

z−
6

Pa
rt

ic
le

id
en

ti
fic

at
io

n
cu

ts
7.

14
0.

00
3.

77
1.

77
0.

47
6.

03
1.

05
8.

19
4.

97
0.

00
0.

82
0.

87
5.

07
2.

84
6.

24
0.

00
3.

52
3.

24

V
er

te
x

C
or

re
ct

io
ns

6.
63

8.
99

4.
62

1.
02

0.
00

3.
99

2.
57

2.
54

0.
00

0.
33

0.
33

0.
67

3.
40

1.
87

0.
81

0.
00

0.
74

2.
79

A
C

6D
m

ap
va

ri
ab

le
s

&
bi

nn
in

g
4.

77
6.

95
6.

02
0.

00
8.

91
5.

49
6.

36
9.

72
3.

05
14

.8
5

0.
00

2.
20

9.
84

7.
83

10
.5

2
3.

83
7.

73
0.

00

A
C

w
ei

gh
t

cu
ts

1.
83

0.
47

18
.2

3
6.

74
0.

00
0.

09
0.

00
0.

31
13

.7
7

1.
52

0.
00

0.
12

20
.1

7
0.

59
19

.8
8

23
.6

3
0.

08
0.

00

C
B

si
de

ba
nd

su
bt

ra
ct

io
n

31
.8

4
0.

0
2.

1
8.

81
0.

88
3.

79
4.

34
2.

36
0.

0
1.

67
7.

58
20

.3
2

77
.3

1
8.

16
0.

0
2.

49
6.

33
13

.2
8

R
ad

ia
ti

ve
co

rr
ec

ti
on

3.
87

0.
24

0.
00

0.
03

0.
00

0.
19

0.
18

0.
28

0.
32

0.
54

0.
00

0.
12

5.
06

0.
49

0.
27

0.
01

0.
00

0.
00

To
ta

l
33

.8
8

11
.3

8
20

.2
1

11
.2

8
8.

96
9.

84
8.

19
13

.1
8

14
.9

6
15

.0
4

7.
63

20
.4

6
80

.8
9

11
.8

4
23

.3
5

24
.0

7
10

.6
2

13
.9

5

T
ab

le
S5

.
A

-d
ep

en
de

nt
tr

an
sv

er
se

m
om

en
tu

m
br

oa
de

ni
ng

sy
st

em
at

ic
eff

ec
ts

an
d

th
ei

r
co

nt
ri

bu
ti

on
s.

Sy
st

em
at

ic
eff

ec
t

P
oi

nt
-t

o-
po

in
t

Sy
st

em
at

ic
U

nc
er

ta
in

ty
(%

)

C
ar

bo
n

Ir
on

L
ea

d

P
ar

ti
cl

e
id

en
ti

fic
at

io
n

cu
ts

4.
69

1.
35

0.
00

V
er

te
x

C
or

re
ct

io
ns

2.
70

0.
00

0.
38

A
C

6D
m

ap
va

ri
ab

le
s

&
bi

nn
in

g
0.

57
0.

00
2.

21

A
C

w
ei

gh
t

cu
ts

3.
40

0.
00

7.
07

C
B

si
de

ba
nd

su
bt

ra
ct

io
n

5.
52

0.
0

2.
87

R
ad

ia
ti

ve
co

rr
ec

ti
on

0.
04

0.
17

0.
00

T
ot

al
8.

46
1.

36
7.

96



7

Table S6. Measured Λ z-binned multiplicity ratios for all nuclei along with their total statistical and systematic (point-to-point
and normalization uncertainties depicted in Fig. 3 added in quadrature) uncertainties.

z-bin
RA

Λ ± Statistical ± Systematical Uncertainties

Carbon Iron Lead

0.28 - 0.38 3.4256 ± 0.5319 ± 0.3004 5.7536 ± 0.5681 ± 1.2661 7.2363 ± 0.9997 ± 0.9893

0.38 - 0.44 1.3447 ± 0.1603 ± 0.1628 1.9382 ± 0.1769 ± 0.3629 2.6378 ± 0.3405 ± 0.3863

0.44 - 0.51 1.1084 ± 0.1205 ± 0.3299 2.0100 ± 0.1735 ± 0.3674 2.1293 ± 0.2316 ± 0.4987

0.51 - 0.60 1.1498 ± 0.0883 ± 0.1400 1.2126 ± 0.0823 ± 0.1663 1.1857 ± 0.1057 ± 0.2659

0.60 - 0.75 1.1174 ± 0.0756 ± 0.1519 0.9660 ± 0.0617 ± 0.1588 0.8910 ± 0.0759 ± 0.2364

0.75 - 1.00 0.9506 ± 0.1011 ± 0.0741 0.6450 ± 0.0529 ± 0.1549 0.5622 ± 0.0621 ± 0.2096

Table S7. Measured Λ z-binned pT -broadening results for all nuclei with their total statistical and systematic (point-to-point
and normalization uncertainties depicted in Fig. 4 left added in quadrature) uncertainties.

z-bin
∆p2T (GeV2) ± Statistical ± Systematical Uncertainties

Carbon Iron Lead

0.28 - 0.38 0.0003 ± 0.0143 ± 0.0015 0.0112 ± 0.0127 ± 0.0015 -0.0072 ± 0.0151 ± 0.0060

0.38 - 0.44 0.0259 ± 0.0160 ± 0.0033 0.0422 ± 0.0140 ± 0.0057 0.0592 ± 0.0171 ± 0.0071

0.44 - 0.51 0.0648 ± 0.0174 ± 0.0132 0.0894 ± 0.0147 ± 0.0134 0.0613 ± 0.0174 ± 0.0144

0.51 - 0.60 0.1317 ± 0.0165 ± 0.0149 0.2120 ± 0.0168 ± 0.0319 0.2007 ± 0.0211 ± 0.0483

0.60 - 0.75 0.1879 ± 0.0225 ± 0.0169 0.2591 ± 0.0218 ± 0.0198 0.3140 ± 0.0295 ± 0.0334

0.75 - 1.00 0.1145 ± 0.0157 ± 0.0114 0.1381 ± 0.0149 ± 0.0283 0.1788 ± 0.0209 ± 0.0250

Table S8. Measured Λ A-dependent pT -broadening results for all nuclei along with their total statistical and systematic (point-
to-point and normalization uncertainties depicted in Fig. 4 right added in quadrature) uncertainties.

A ∆p2T (GeV2) ± Statistical ± Systematical Uncertainties

Carbon 0.0952 ± 0.0272 ± 0.0082

Iron 0.1404 ± 0.0376 ± 0.0024

Lead 0.1823 ± 0.0451 ± 0.0146

Table S9. z-binned xB AC-weighted averages for all nuclei.

z-bin
xB AC-weighted Average

LD2 Carbon Iron Lead

0.28 - 0.38 0.2176 0.2395 0.2401 0.2391

0.38 - 0.44 0.2529 0.2574 0.2623 0.2551

0.44 - 0.51 0.2585 0.2665 0.2701 0.2724

0.51 - 0.60 0.2661 0.2699 0.2697 0.2703

0.60 - 0.75 0.2756 0.2648 0.2667 0.2646

0.75 - 1.00 0.2921 0.2858 0.2821 0.2817
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