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Release: a summary

The Drell-Yan cross-section results were released in September 2023, in 3D (M, qT, xF), 2D and 1D,
from the three targets: (NH3+He), Al and W.

In the released results, for Al and W targets a systematic difference between two triggers was seen
(taken as 5% for Al and 13% for W). Results were scaled accordingly and combined by simple average.

A mass-dependent systematic uncertainty related to the purity of DY process was considered. Purity
factors were obtained from the cocktail fits to mass spectra, while systematic error was taken as the full
difference to the simple method (difference from RD data to MC HMDY).

Two systematic uncertainties due to acceptance were considered: the HMDY MC sample size and the
sensitivity of the cross section to a variation of trigger efficiencies by 1sigma.

A large variance of the DY cross section from period to period was observed.

In the released cross-section plots, the errors were added in quadrature and assumed fully correlated.



Progress after the release

Since both methods to extract purity have pros and cons, we decided to take the average of
purity between the two methods, thus optimizing the systematic error related to purity. The
purity affects mostly the low masses and W is more affected than ammonia. Due to the
methods used (fit by sigmoid of the purity datapoints), a correlation in mass is introduced.

The systematic related to acceptance is do(syst-acc) = V(do(syst-MCsize)? + da(syst-time)?)
The first is uncorrelated, thus it is estimated that do(syst-acc) is 44% uncorrelated and 89% correlated.

see Vincent talk January 2024
The variations of cross section per period suggest that the only time-dependent systematic, da(syst-time),
might be under-estimated.

The acceptance correction was made globally, adding the 8 HMDY MC samples in same proportions as
In real data. These proportions are now checked to be correct.


https://twiki.cern.ch/twiki/pub/Compass/Drell_Yan/Subgroupmeeting/Andrieux_20240123.pdf
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(only statistical errors)

1L00D |
= . 3 =
8 - X2/ ndf 34.68/7 § 019¢ %2/ ndf 276117
2 0.23 pO 0.202 + 0.002779 : 018 pO 0.1309 + 0.002627
e — 2 C
T o022f ; 017
- o16F- | 0.1<xF<0.9
021 ‘ - | 43<M<85GeV/c?
u 0.15- | qT<3.6 GeV/c
0.2 -
- I 0.14— ’ ’
0.19— - I !
C 0.13[F
. 0.2< xF < 0.8 - ] ‘ |
0.18 4.3 <M<8.5 GeV/c? 012~ ’
u gT<3.6 GeV/c =
0.17—_|—||||||||||||||||||||IIIIII||||||I||||I||| Olll:r|||||||||||||||||||||||||||||||||||||||||
1 2 3 4 5 6 7 8 _ 1 2 3 4 5 6 7 8
period period
From global analysis: 0 =0.198 + 0.003 nb/nucleon From global analysis: o = 0.129 + 0.003 nb/nucleon

Periods weighted mean (beam flux): o = 0.203 + 0.003 nb/nucleon Periods weighted mean (beam flux): o = 0.131 + 0.003 nb/nucleon


https://wwwcompass.cern.ch/compass/software/analysis/transparencies/2023/am_230822/talks/Andrieux_20230824.pdf

PT2 cross sections per period: compatibility (See Vincent talk, slide 6)
(only statistical errors)
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Al cross sections per period: compatibility (See Vincent talk, slide 6)
(only statistical errors)
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Pulls of cross section per period in 3D analysis

The variations of cross section per period suggest a time-dependent systematic that can be evaluated from the pulls of
Cross section per period.

12 pulls are built, per target (PT1 & PT2, Al, W) and per trigger (LAS-LAS, LAS-OT) separately.

Each pull contains:

-- 16 points for (NH3+He)
-- 8 point for Al

-- 8 points for W

Each point (x-section o + do(stat), where do(stat) stands for the statistical error only) in the pull is calculated
using the usual formula:

(0i — 0)V (80 — d0?) where o is the average cross section luminosity-weighted
The ideal pull behaves as a normalized gaussian with mean value p,.=0 and sigma opu=1. The spectrometer behaviour
varies with time, namely with detectors efficiency, trigger efficiency and global alignment that vary from period to period.
The pull is used here to evaluate the compatibility of periods, by resulting in a systematic error in the cross section,
due to acceptance variations

da(syst-time) | do(stat) = V(opu® — 1) + |ppul



_ Systematic from “acceptance” variations over time: pulls
M,qT,xF) bins Example: (NH3+He) LAS-LAS, 3D, 4.3 <M < 4.7 GeV/c?
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(qT,xF) bins

Systematic from “acceptance” variations over time: pulls

(NH3+He) LAS-LAS. 3D

variations in mass
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_ Systematic from “acceptance” variations over time: pulls
(M,xF) bins (NH3+He) LAS-LAS, 3D: variations in gT
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_ Systematic from “acceptance” variations over time: pulls
xF bins (NH3+He) LAS-LAS, 3D: variations in M & qT
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Systematic from “acceptance” variations over time: pulls

xF bins (NH3+He) LAS-LAS, 3D: variations in M & qT
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(M,qT,xF) bins

Systematic from “acceptance” variations over time: pulls

Example: (NH3+He) LAS-OT, 3D, 4.3 <M < 4.7 GeV/c?
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I 30040924 Constant 3941:1207 £ | constant  2.648+0821 | | Constant 2794086 Constant 321640987 [E | constant 29622 0,911 Constant 306840943 |E [ Constant 2.676 +0.829
Mean -4.256e-14 + 2.664e-01 -
] Sigma 106340101 " | Mean  4.576e-14+ 2.025e-01 Mean 0.1593 + 0.3050 || Mean  -0.03161+0.28791 | Mean 0.03132 £ 0.24844 Mean -1.089e-13+ 2.704e-01 Mean -0.1258 + 0.2607 |F Mean 0.0636 + 0.3013
Sigma 0.81:0.14 Sigma 1.207 +0.226 Sigma 1.145 £ 0.210 sigma 0.9927 + 0.1769 sigma 1078+0194 |L | Sigma 1.041+0.187 Sigma 1.105 £0.222
2.9 o o
2 1 A ] ! 3
19 I a r 3
0.5 =3 o 3
L L L L L d d d d == L L L L L L L L L L L L L L L L L L 1 1 1 1 1
= X2/ ndf 5574712 || X2/ ndf 3.025/12 X / ndf 6.947/12 R X7 /ndf 15.39/12 |R | e nar 1014712 9.393/12 | y2 / ndf 8.312/12 &2/ ndf 5507 /12
Constant  3.652+1.118 |f Constant ~ 3.808 +1.166 Constant 3.941+1207 £ | Constant 2,807+ 0.866 |f Constant 2843+ 0.877 Constant 365221118 |k | constant 2.953 + 0.909 Constant 3.861+1.182
4 Mean 003126+021850 [f | Mean 0.03125:£0.20950 Jfr | mean -1554e-13+2025e-01 [§ [ Mean 5.386e-152 2.861e-01 Mean  -54ge-16+282¢-01 [[ | Mean 003126 +0.21859 [f | mean  0.09433 +0.27128 Mean 0.06251% 0.20668
Sigma 0.838 +0.148
Sigma 0.8743 + 0.1546 1 Sigma 0.81+0.14 1 Sigma 1.138+ 0.208 Sigma 1.123+0.205 Sigma 0.8743 £ 0.1546 Sigma 1.082 +0.195 Sigma 0.8267 +0.1461
! ] 'l—'
A [ L
1 1 1 h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 X2/ ndf 10.07/12 |E | 52/ nat 235712 [ | x2/nar 7524112 [ 2/ ndf 1412112 2 I ndf 7.218/12 X2/ ndf 6.116/12 BEH| x2/nar 512/12 X2 I ndf 9.725/12
39 Constant 3.117+0.957 |p Constant 3.576+ 1.096 | Constant 3.808+ 1.166 [ Constant 2.42+0.76 Constant 3.765+ 1.153 Constant 3.897 +1.193 Constant 40381237 F | constant 2.722 +0.842
E Mean  0.03135 £ 0.25646 Mean  -0.03126+0.22313 [F Mean  003125+020950 [f | Mean -0.06512+0.33799 Mean  1.047e-13+ 2.120e-01 Mean  -0.03125 +0.20478 Mean -5289e-14:1.976e-01 [E | Mean  0.03172 +0.29573
2 Sigma 1.024 +0.183 Sigma 0.8923+ 0.1580 |f. Sigma 0.838+0.148 [F Sigma 1.324+£0.259 I | sigma 0.8478+0.1499 £ | Sigma 0.8191+ 0.1448 Sigma 07905+ 0.1397 ¥ | Sigma 1.174 £0.217
) b L L
13 E 3 -
09 o - 3 -
el 1 TR W PR oal by Ldinl " " Ll
pull X2/ ndf 758712 |2 x2/nat 37712 Jeed [ x2/nat 181712 U w2 /ndt 7.261/12 X2 I ndf 9.697/12 Jfoul X2 I ndf 1068/12 [l | x2/ndf 5.494/12 X2/ ndf 6.97/12
39 Constant  3.302 +1.013 Constant 2,863+ 0.882 Constant 2171+ 0.689 Constant 3,579+ 1.097 Constant 23212 0.730 Jf Constant 273:084 Constant 3,525+ 1.080 Constant 453+1.39
] Mean  -0.06250 + 0.24191 Mean 0.03163+ 0.28009 |F Mean  -0.06817+ 0.38849 Mean 003126 + 022303 [F Mean  -1.565e-13+ 3.558e-01 Mean 0.09512 + 0.29486 Mean -0.0938 £ 0.2264 [i Mean -0.0625 + 0.1760
Sigma 13840279 € .
Sigma 0966901719 [FLS9ma 11154 0.203 Sigma 14870317 sigma 08919+ 0.1578 [f. sigma 117120216 Sigma  0.9054 + 0.1604 Sigma  0.7042 £0.1244
L 1 P P L ﬂ k
0o 1 2 3 S 2 40 12 3 5 2 a4 0 1 2 3 S 2 a0 1 2 3 S 2 a0 1 2 3 S 2 a4 0 12 3 o2 a0 1 o2

The systematic
error is a
multiplicative
factor wrt the
statistical error of
the respective bin.
Given by

V(Opu? — 1) + [y

Bins with O x-section
do not have 0
statistical error!

10/40 pulls slightly non-
compatible with sigma=1
- ho systematics?



_ Systematic from “acceptance” variations over time: pulls
(qT,xF) bins (NH3+He) LAS-OT. 3D variations in mass

e [z nat 1056/12 |faexea Il s /nar 1125/ 12 [fareaen e ngr 1313712 [framesn ] [ 11.47/12 |[HARED R yo 7723112 R Il e g 7.314/ 12 AT yo 0033/ 12 [rarEi Tz / naf 15.99/12
Constant 9.206 £ 1.649 Constant 8.735+ 1.553 Constant 9.514+1.686 |I Constant 9.253% 1641 = Constant 9.299+1.649 [k Constant 8341+ 1.487 I Constant 9.948+1.761 JI Constant  7.996 + 1.430
M -0.05335 + 0.14881 || Mean  0.06296+0.15890 [F
o lean + Mean 0.07324 + 0.14546 Mean  -0.01046 + 0.14969 Mean 0.01045+0.14892 [ Mean 0.05272+0.16687 ff Mean  -0.04172 013903 [E Mean  0.06365% 0.17472 -
sigma 1,019+ 0.106 Sigma 100720115 |E [ s 103520107 || s sigma I t m t
sigma 1.006 +0.104 igma Sigma 103011 igma 1.149+0.122 sigma 0.9626  0.0988 ig 1.199+ 0.129 e S S e a. IC
‘k K\ K\ statistical error of
¥ ndf 7018712 |2 [ yz /naf 15.68/12 JLAIE9 o nar 9.41/12 AILxEO w2 g 12.16/12 |framxen Jf e ngr 12.41/12 [[Halrs J) nat 1051 /12 [HEEde )/ ngf 7.061/12 /ndf 5.851/12 the reS ectlve bl n
o Constant  9.009+ 1.615 || Constant  9.604 £ 1.702 Constant 11132197 Constant 10502187 | Constant 9.042£1.605 |I* | constant 8612+ 1.547 [F Constant 871 1.55 Constant ~ 9.816+1.739 p -
Mean  0.0522+0.1441 [I° - — Mean  -0.01042 £ 0.13057 Mean 005234 0.15331 N 1
Mean  -0.01068 +0.15216 Mean  2.525e-14+ 1241e-01 | Mean  -0.04284:+0.15044 [F- Mean 005264+ 0.15935 Mean  0.05217+ 014095 G ven b
r 3 Sigma  0.9972:+ 01027 sigma 0.860.09 Sigma 0.9044 £ 0.0925 || sigma 106011 [F
Sigma 1.041+ 0.109 Sigma 1.089+0.115 | Sigma 1.1+ 0.1 Sigma 0.9757 + 0.1003
! U i i 3
V(Opu® — 1) + ||
4 L L
) L
J TR 01 TP TR IO [P T b\ Ldiai) Lalanal TOPR RPN TOPR IO TTOUN PP POPN T
2, x x x x
Lt X2 1 ndf 2269/12 X2/ ndf 3483712 X2/ ndf 17712 Jramzesd w67 112 P2 be s ngy 10.55 /12 A2 o) g 1265/ 12 [j-aEY Ixz /ndf 6.217/12 16.95/12
Constant  8.825+ 1.584 Constant 10025177 £ Constant  9.722+1.722 Constant 7923+ 1.418 Constant 115+20 L Constant  9.482:1.681 Constant 11.02+1.95 Constant 8532+ 1519
10~ -
Mean  -0.06416+ 0.15542 | [ Mean —0.01043 + 0.13796 Mean —0.02087 + 0.14230 Mean  -3.825e-14+ 1.765e-01 il Mean 0.01042 + 0.12013 Mean ~0.09401+ 0.14508 Mean _0.01042 £ 0.12546 Mean 0.02103 + 0.16288
si 1063+ 0.112 F + Sigma 0.8323+ 0.0850 Sigma . .
s igma + Sigma 09552 0.0980 sigma 0.085:0.101 [F- sigma 121120131 1 Sigma Lotso1o [ Sigma 055912 0,058 9 1123+ 0.118
" k TP R Lisaal \k TP PPN PP, 7
X2/ nd 5.84/12 |F ) g PO | ICGEXN Ny 1061112 O ko 918/12 || gt 11.3/12 N e ) nat 6.047/ 12 LT Lo gt PYTEY) | IGEECEN Ry 1613/12
Constant 9015+ 1.616 constant 0282165 Constant  8.368:+ 1.492 Constant 1050+ 1.87 || | Constant 8708+ 1.549 [F Constant 77512 1.402 ¢ Constant 9567+ 1.695 Constant  9.999+ 1.70
o F [ Mean  -0.08683 + 0.17859 " 0.02088 + 014465 y
Mean  -0.08545:+ 0.15206 " Mean — 0.01054+0.16628 J Mean  0.01042: 0.13057 Mean 0.03149 + 0.15946 [ ean : b Mean  -0.02086 + 0.13833 .
ean ~0.02091+ 0.14925 - Sigma 1.212£0.132 10/40 II I h
L Sigma 5 . " Sigma 1.001+0.103 |k t -
Sigma 104011 |L ig 1.145+0.121 Sigma 0.9044 + 0.0925 Sigma 1,101+ 0.115 Sigma 0.9578 + 0.0983 pU S S Ig non
i sigma 10320107
! : compatible with sigma=1
+ -
] ! — ho systematics?
I}
) Ll Ll fY TTAPR AP PP
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xF bins

Systematic from “acceptance” variations over time: pulls

3sf-
305
25
zof
15}

10f

0.5<xF<0.6

395
30]
25
20|
15}

10|

X2/ ndf
Constant

Mean

11.53/12
36.03+3.23

-0.05351+ 0.07609

0.2<xF<0.3

40

(NH3+He) LAS-OT, 3D: variations in M & qT

X2 I ndf
Constant

Mean

10.64/12
37.48+3.32

0.0209 + 0.0739

0.3<xF<0.4

X2/ ndf

Constant

Mean
|_ Sigma

10.9/12

38.16 + 3.38

0.01566 + 0.07253

0.4<xF<0.5

X2/ ndf

Constant

Mean

6.794 /12

37.59+3.33

—0.002616 + 0.073648

sigma 1.041% 0,054 Sigma 1,022+ 0.053 40 1.004 +0.052 24 Sigma 1,019+ 0.053
35|
35
30|
30)
30)
25]
25|
25
20 20
20|
15|
15| 15
10 10] 10|
5) 5 5
0 0 0
1 2 3 -3 -2 -1 0 1 2 3 -3 2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
X2/ ndf 9.228/12 0.6<xF<0.7 X2 I ndf 13.83/12 0.7<xF<0.8 X2/ ndf 14.81/12 0.8<xF<0.9 X2/ ndf 20.33/12
Constant 37.92+£3.36 Constant 33.94 +3.04 5 Constant 38.83 +3.44 Constant 35.89+3.19
Mean  0.02615 + 0.07300 0 Mean  -0.04249 +0.08145 Mean  ~0.005219 + 0071266 a5 Mean 0.02888 + 0.07724
Sigma 1.01+0.05 [ Sigma .067 £ 0.
9 Sigma 1118 £0.059 Sigma 0.9865 + 0.0507 9 1067 0.056
35 30k
30| 25'_
25) L
20
20)
15
15
10
10 [
5 F
0 ol
1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

The systematic
error is a
multiplicative
factor wrt the
statistical error of
the respective bin.
Given by

V(Opu? — 1) + [y

Bins with O x-section
do not have 0
statistical error!

10/40 pulls slightly non-
compatible with sigma=1
- ho systematics?



Systematic from “acceptance” variations over time: pulls

xF bins (NH3+He) LAS-OT, 3D: variations in M & T
pull low xF pull mid xF
X2/ ndf 20.19/12 X2/ ndf 16.02/12
100{— 100
B Constant 100.2+5.5 C Constant 98.82 + 5.37
8or- Mean -0.006921+ 0.044957 80~ Mean  0.01473 + 0.04577
60 L Sigma 1.012+ 0.032 60 - Sigma 1.034 +0.033
sl 01—
20 20
N 1. Ll Ll N Ll
0 3 =2 -1 2 3 0 2 3
ull high xF
P g X2/ ndf 24.16/12
100 - Constant 96.49 £ 5.25
ol Mean  -0.0128 + 0.0468
- Si 1.055 + 0.034 LAS-OT:
C igma . +0. .
60 0o (syst-time)
na increases with xF
20—
N T~ 1. Ll Ll
0 -3 ) -1 2 3

The systematic
error is a
multiplicative
factor wrt the
statistical error of
the respective bin.
Given by

V(Opui® — 1) + ||

Bins with O x-section
do not have 0
statistical error!



Systematic from “acceptance” variations over time: fit to pulls

(NH3+He) LAS-LAS

da(syst-time)

(NH3+He) LAS-OT

(NH3+H3) LAS-LAS |mean[608] |sigma[608] |Syst(acc[608])
-0.2<xF<0. -0.02+0.05 |1.124+0.03 |0.53 * do(stat)
0.<xF<0.3 0.02+0.04 |1.06+0.03 |0.38 * do(stat)
0.3<xF<0.8 0.01+0.04 |1.04+0.03 |0.28 * do(stat)

(NH3+H3) LAS-LAS |mean[512] |[sigma[512] |Syst(acc[512])
0.1<xF<04 -0.01+0.04 |1.01+0.03 0.* do(stat)
0.4<xF<0.6 0.01+0.04 |1.03+£0.03 0.28 * do(stat)
0.6 <xF<0.9 -0.01+0.05 |1.05+0.03 0.35 * do(stat)




Systematic from “acceptance” variations over time: fit to pulls
do(syst-time)

Al LAS-LAS
Al LAS-LAS mean[256] |sigma[256] |Syst(acc[256])
-0.2<xF<0.1 0.01+0.06 0.98+0.04 (0. * do(stat)
0.1 <xF<0.3 -0.00+0.07 1.00£0.05 |0. * do(stat)
0.3<xF<0.6 -0.06+0.06 |0.97+0.04 |0. * do(stat)
Al LAS-OT
Al LAS-OT mean[256] |sigma[256] |Syst(acc[256])
0<xF<0.2 -0.03+0.06 |1.00+0.05 |O. * do(stat)
0.2<xF<0.5 0.02+0.06 1.07£0.05 |0.39 * do(stat)
0.5<xF<0.8 0.01+0.06 1.04+£0.04 |0. * do(stat)

T

Not enough statistics for extracting
a systematic from this.

W LAS - LAS
W LAS-LAS mean[288] sigma[288] |Syst(acc[288])
-0.2<xF<0.1 0.02+0.07 1.12+0.05 |0.51 * do(stat)
0.1<xF<04 0.15+0.09 1.18+0.06 |0.69 * do(stat)
0.4<xF<0.6 -0.02+0.06 1.09+0.05 |0.46 * do(stat)
W LAS - OT
W LAS-OT mean[288] |sigma[288] |Syst(acc[288])
0<xF<0.3 -0.02+0.06 |1.09+0.05 [0.45 * do(stat)
0.3<xF<0.6 0.01+0.07 |1.14+0.05 |0.55 * do(stat)
0.6 <xF<0.9 -0.02+0.07 |1.15+0.05 |0.60 * do(stat)




3D Drell-Yan cross sections

Another conclusion that can be drawn from the period-dependence of cross sections is that
it is more correct to evaluate them per period

J\ For each period, use the acceptance of that period, instead of
y the global (combined) acceptance.

—

Afterwards, combine the cross sections from periods using a weighted-average:
* Weight by the beam flux in each period
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Xx-sections: global acceptance versus period-by-period, using beam flux as weight
PT1 LAS-LAS

(only statistical errors are shown)
o * 00

Larger differences of x-section
are visible at the low xF.

For the x-section with
period-by-period acceptance, the
weighted-average of x-sections
can be done using the beam flux
as weight:

Omean :Z(Gi*gi)/gtot
Bo-mean = 1/$tot * \/(zéo-iz *giz)



x-sections: global acceptance versus period-by period, using beam flux as weight
PT2 LAS-LAS

(only statistical errors are shown)
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X-sections: global acceptance versus period-by-period, using beam flux as weight

Al LAS-LAS -
(only statistical errors are shown)
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x-sections: global acceptance versus period-by-period, using beam flux as weight
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The two methods show very small
differences.

For the x-section with
period-by-period acceptance, the
weighted-average of x-sections
can be done using the beam flux
as weight:

Omean :Z(Gi*gi)/gtot
6Gmean 1/$tot * \/(zéo-iz *giz)
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x-sections: global acceptance versus periods, using beam flux as weight
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x-sections: global acceptance versus period-by-period, using beam flux as weight
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x-sections: global acceptance versus period-by-period, using beam flux as weight
W LAS-OT

8 oaaf
2

Aoz
(RIS

o.08

fdq_idM (nbi{Gey e

e
2
T

daidx
a
B
T

[} EETTEREETE FETE] FEUTI FRRRI ARETI FRT |

d
7
et
rl
u

= 0.1

el
04702030 s 0 e 0 08
Xe

§ 0.09
]

008

)
&

(nbi(GeY e
s 5 8

g
T

dm
1
g g
T

=

idx idq
8 8 ¢
2
T

dal
=
[

T

0.01

0,

| L L 1 | 1 L L |
01 02 03 04 05 06 OF 08 038

d’aidx /dg_/dM (nbi(GeV “ic’)inucleon)

a £
&

e
=
T

!
8
L]

.
=i
HiH
Hi

g
T
i

o
g

i
[

b b by v e v b e 1
01 02 03 04 05 0.6 07 0B 08
X
E

nbi{GeV %c ynucieon)
d e s o 8 @
E & & S B B

e
2

i idg_fdM

E 0.02|

0.01f -

I»:HII‘
=
HiH
]
w®

1 1 L | 1 1 L | 1
01 02 03 04 05 06 07 0B 08

X X
W, aTi
g.l:.rr: gu.u s
So.mef So.o1af-
g 2 .F
Eomst Eo.osf
& e |
0.4 0.4
il g
Somzp- SomzE
£ £ =
3 u.m—ﬁ = 00 &
g T
gl § & @ o008
B E | k=) E
8.008- B.008- L]
g " = gt
[ r By [l -
~S0.004 - ~50.0041
0.002F 0.002F
- E
[ ST I PP PP T T A TEYTT VTN FTTIRETEE POV PRTTY SAPRE v |
R 01 02 03 04 05 0.6 0.7 0.8 0.9
X X

daldx /dg_IdM (nbi(GeV e )nucleon)

2
2

ids e _id

d'al
o
[

= o

q
g

v
e ¢
5
T T T T

= U.DS;—

e e
a
T

Ge’ 2"1""5’
g =
=

T T T T

a,

FERTE FERT] FRTEY FRREY FURTY FRRRY FNTTE Nt P |
01 02 03 04 05 06 07 0.8 0.9

X

e
=
=
i

W

R 7 T
X

E-ll

%u.ms
2
E0.018|
2
L0014
3
=0.012]
2
= 0.01
]
oB.008|
]
0.008|
3

50.004

0.002]

-

T T T T T T
= =

0 i
0.1 0.2 0.3 0.4 U.E U.B IJ.? U.B D.

Xe

L,

0.1 IJ.Z 03 04 05 06 lJ.? U.B 0.
p ¢

.

i

g
Eo.004

b Lol |
0.1 0.2 0.3 U.‘ 0.5 U.B IJ.? U.B 0.

X

(only statistical errors are shown)
o * 00

The two methods show very small
differences.

For the x-section with
period-by-period acceptance, the
weighted-average of x-sections
can be done using the beam flux
as weight:

Omean :(zo-i*gi)/gtot
OO0 mean = 1/$tot * \/(25@2 *giZ)



There are only small differences between the three methods. But to have each period corrected by its own
acceptance (MC with trigger efficiencies per period, beam file per period and detectors efficiency of first or second
half of the Run) is more correct. When combining the periods, weighting by the statistical error leads to
systematically under-estimated cross sections (due to double counting or to canceling of efficiencies effect?). The
best method is the luminosity-weighting, which we propose to adopt as standard.

When obtaining the DY cross section in 3D bins, separately per trigger and target, and per period, it happens
sometimes to have empty bins, because the binning was optimized for the global analysis (all periods together).

Although a bin with zero event counts means zero cross-section, this does not mean that the uncertainty is null.
To evaluate the approximate error of such bins, one can use the global (all periods together) cross section statistical
error of the bin, divided by the square root of fraction of beam intensity this period represents.

all calculations are in the google sheet at this link



https://docs.google.com/spreadsheets/d/1eOqbm2YEdWxmKrZMTNePHOGognGcpRCGpfzRmE4vJiY/edit?usp=sharing
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The two triggers cover different

phase-space in xF.

The overlap range is 0.1<xF<0.8

In the overlap range the results
seem to be in agreement.

(only statistical errors shown)
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Triggers comparison: LAS-LAS vs LAS-OT
PT2 (mean from periods luminosity-weighted)

The two triggers cover different

phase-space in xF.

The overlap range is 0.1<xF<0.7

In the overlap range the results
seem to be in agreement.

(only statistical errors shown)
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The two triggers cover different
phase-space in xF.

The overlap range is 0.<xF<0.6
In the overlap range the results

seem to be in reasonable
agreement.

(only statistical errors shown)
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Triggers comparison: LAS-LAS vs LAS-OT
W (mean from periods luminosity-weighted)

The two triggers cover different
phase-space in xF.

The overlap range is 0.<xF<0.6
In the overlap range LAS-LAS

Is systematically higher than
LAS-OT.

(only statistical errors shown)



<PT>: Combining the cells PT1 and PT2

Just as the mean values of cross section in the two cells were combined by a weighted average, where the weight
Is given by the inverse statistical variance, the same weight is used also when we combine the systematic errors
related to purity and to the size of MC sample (that have no correlation between cells):

Wi + Woels 1
I = 3 w; =
u + we o

For the statistical uncertainty of the combined result:
- 1
i
Ogat — A —————-
= \l wH 5 W

For the systematic uncertainty, assuming the systematic uncertainties are independent, propagate them

L.IS'EI"IQ the same WE‘ightS:
IIII 'E[‘ 2 N 2
a, = il === a + —’E_L-g o
i 1,5yst 2,5yst =
Syst V N W S¥s ; . 8¥s

The systematic error from periods-dependence, calculated from 3D pulls putting together the two ammonia cells, is
applied after the cells are combined, in previous slide (da(syst-time)).

The luminosity-related systematic, a constant evaluated as 3.5% for (NH3+He), is calculated also after combining cells.
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(NH3+He) cells:

ining

Comb

(only statistical errors shown)
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(NH3+He) cells: PT1/ PT2
LAS-LAS in the range -0.2 < xF < 0.8
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(only statistical errors shown)

PT1vs PT2

ining (NH3+He) cells
LAS-OT in the range 0.1 < xF < 0.9
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(NH3+He) cells: PT1/ PT2
LAS-OT in the range 0.1 < xF < 0.9
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<PT>

PT: M1,qT1

PT: M1,qT2

Cells combined: LAS-LAS vs LAS-OT
in common triggers range 0.1 < xF < 0.8
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PT1 and PT2 x-sections are combined as a
weighted-average, where the inverse statistical
variance is used as weight:

Omean =(Op12/00pT12 +0pP12/O0PT22)/Y (1/00PT?)
OO0 mean (Stat) = 1/\/(2 1/60'p-|-i2)

o * do(stat) + do(syst-Mcsize) +
+ 0o(syst-time) * da(syst-purity) +
+ 0o(syst-lumi)

oa(syst-lumi) is fully correlated between the two
triggers. But in the ratio of triggers, it cancels.

(errors added quadratically, assuming no correlation
between systematics sources. Luminosity error was
not included)



Cells combined: LAS-LAS | LAS-OT

<PT> in common triggers range 0.1 < xF < 0.8
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An estimate of the two trigger measurements correlation factor

We can divide the errors in two classes: those for sure uncorrelated and those where we
expect a possible correlation:

0 £ da(sys_uncorr) = do(syst_corr)

where
da(syst_uncorr) = do(stat) = do(syst-Mcsize)
and
da(syst_corr) = da(syst-purity) £ da(sys-time)

The two trigger measurements are making partly use of the same detectors and same hodoscopes.

In the 3D analysis, two datapoints at the same (M,gT,xF) from LL or LO share the same physics phase-
space -- but not necessarily the same spectrometer phase-space.

* In the ratio LL/LO, the error propagation of da(syst_corr) may take into
) account the correlation factor (if corrz0).

* Find corr value that leads to global x/NDF = 1



Ratio LL/LO
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Triggers ratio: LAS-LAS | LAS-OT
in common range 0.1 < xF < 0.8

T
-

(only statistical errors propagated) (full error propagation) corr=0.
o °F
X2 ndf 115.1/ 83 3 F X2 I ndf 93.31/ 83
p0 0.9562 + 0.01304 e p0 0.9543 + 0.01412
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@ L
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Xg+[#bin] Xg+[#bin]

The ratio shows that LAS-LAS is (4 * 1)% lower than LAS-OT.
When including systematics, x?/ndf goes from 1.39to 1.12 - Good
The systematic errors seem to be reasonable.

No evidences for under-estimation or for need to take into account trigger
correlation (increasing the suspicious point error does not change the mean)



Triggers combined: LAS-LAS and LAS-OT

Scaling factor R=1.04, meaning:

LAS-LAS : All cross-section datapoints are scaled up by (1+R)/2
LAS-OT: All cross-section datapoints are scaled down by (1+R)/(2R)

The scaling obtained in the common xF range of the two triggers is applied in all the phase-space

A normalization uncertainty of 2% is introduced. This uncertainty is fully correlated, just as the luminosity uncertainty.
In the following plots of final results of (NH3+He), the error bars represent the total error, by

adding in quadrature statistical and systematics errors that are kinematic dependent. The normalization systematic

error, due to luminosity uncertainty (3.5%) and due to trigger scaling (2%), is not represented in the error bars.
It amounts to 4%.
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(NH; + He) cross section per nucleon in 3D (M, gr, X¢)
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PT1 LAS-OT MC
HGO02Y?2 Location of the muon in HG02, when muon in OT has no LAS hits associated HGO02Y1
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LAS-OT

This trigger, at the low xF limit, seems to be contaminated by badly reconstructed events.
This is visible in the MC, and leads to too large acceptance, and thus too low x-section.
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Triggers combined: LAS-LAS vs LAS-OT
in common range 0. < xF < 0.6

For Al, the ratios LL/LO in 3D
are mostly compatible with 1.

The lowest xF point seems
always too low in LO.

Errors propagation, here
assuming no correlation
between the two triggers.

(all errors added quadratically,
assuming no correlation
between systematics sources)
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Triggers combined: LAS-LAS | LAS-OT
in common range 0. < xF < 0.6
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Evidences of differences between periods (RD)
LAS-OT events M>1.5 GeV/c?
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In the first 4 periods there is a timing problem affecting the muons (but the window of
timing cuts is in principle wide enough to accommodate this: [-3, 3] ns.



LAS-LAS P1 P2 P3 P4 P5 P6 P7 P8
PT1: RD fraction 96% 96% 97% 96% 97% 97% 98% 95%
that pass time cuts

PT1: MC fraction 97% 99% 97% 96% 96% 96% 96% 97%
that pass time cuts

PT1: MC/RD 122 133 148 131 134 123 113 144
W: RD fraction that |96% 96% 96% 96% 95% 96% 95% 95%
pass time cuts

W: MC fraction that |97% 99% 97% 96% 97% 96% 96% 96%
pass time cuts

W: MC/RD 56 59 66 59 58 60 59 68
LAS-OT P1 P2 P3 P4 P5 P6 P7 P8
PT1: RD fraction 94% 94% 94% 94% 95% 95% 95% 96%
that pass time cuts

PT1: MC fraction 97% 99% 96% 96% 96% 96% 96% 96%
that pass time cuts

PT1: MC/RD 133 127 143 128 134 127 122 142
W: RD fraction that |92% 94% 93% 92% 94% 95% 94% 95%
pass time cuts

W: MC fraction that |97% 99% 96% 96% 96% 96% 96% 96%
pass time cuts

W: MC/RD 63 65 70 63 65 64 61 78

MC: HMDY

All other cuts are applied,
except time cuts being
tested.

4.3 <M<8.5 GeV/c?
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