F2 Analysis in Hall C

Precision measurements of the F5 structure function at large r in the resonance region
and beyond

: E 1 2— 1 0—002 - 4.41 < Q? (GeV?) < 9.91; 6, = 25.0° - 4.73 < Q? (GeV?) < 11.06; 6_ = 29.0° ;
i : 11 =
- 3.39<Q%(GeV’) <8.25; ,=21.0° : ; t
~ FIF221 e KP DIS ' - -
I R KP HYBRID - AKP17 i & 0 9:_ -
| > [ i
1 N CJ15 o HMS Hall C, E12-10-002 © o8- o
u o SHMS Hall C, E12-10-002 m  Hall A, MARATHON g 3 o
009 |{ l‘i". - -
i B i
m - !h:l ;||l ":Illll ||i e 0.6~ —
% 1 :"!n ,“’,u. . : :
o) 0.8 B BER S !y !' 'g ,a, . - - 5.46 < Q* (GeV?) < 13.40; 0, = 39.0° |-
u B g g 1 L1 - :
RS S T 1y, 4 .1 - - — F1F221 ;
B .‘f:’z L= XEER i A O B . H n I G KP DIS
R s et CEEES A S 111 enr 1— n - KP HYBRID
0.7 B ] y - N ~ . AKP17 '
: July 8th, 2021 A ..
: _ ) - - . Data (E12-10-002)
: AN 0062056220622 %% 0'7:_ :_ s‘.‘\"."::‘.““ ) ‘I.;
0.5 o v b b b b by L 0.6:— - H
02 03 04 05 06 07 08 09 I :
-ll llllllllllllIlIllllIlIlIIllllIIl-llIllIlIllllllIllllllllllllllllllll

l
03 04 0.5 0.6 0.7 08 09 03 04 0.5 0.6 0.7 08 09
Bjorken x Bjorken x

Biorken x

Joint Halls A/C Summer Meeting 2021 Jeffe’r'7 n Lab




Experiment Overview

Hall C Spectrometers

‘Hall C
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Cross Section Extraction: Data Yields
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https://indico.jlab.org/event/422/contributions/7627/attachments/6412/8509/f2Collaboration2021.pdf

Cross Section Extraction: Monte Carlos Ratio Method
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Cross Section Extraction: Monte Carlos Ratio Method

MC simulation: mc_single_arm
model: f1f221 (M.E. Christy)
radiative corrections: rc_externals

After cross section weighting the
MC is scaled by MCscaleFact
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Cross Section Extraction: Monte Carlos Ratio Method
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1)Weight MC with radiative
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F2 Analysis in Hall C

I SHMS vs HMS Deuterium 25deg I
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3) Multiply each bin by
born cross section




* Colors represent
different momentum
settings

» Percent level differences
between settings In
overlap regions and the
shape across delta seen
in each setting suggest
further study of the
acceptance is required

* Acceptance mostly
cancels in D/H ratio

* Note: Calorimeter
efficiency not yet
Included In cross
sections

Cross Sections for SHMS 21 degree settings
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« Data was taken in both

the SHMS and HMS at

21 degrees to provide a
cross check

* Excellent agreement In
the D/H resonance
region suggests
momentum and
spectrometer angles are
well understood

* HMS optics above
x=0.68 (E’ > 5 GeV)
needs to be revisited

» A slight shape across
delta in the HMS was
corrected for and has
been a feature since the
6 GeV era (next slide)

Cross Sections HMS vs SHMS @ 21degrees
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DATA
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- DATA/MC vs 0 plot irrespective of all kinematics and targets shows a systematic variation in data
reconstructed quantities compared to MC
o This is an known issue for the HMS form 6 GeV era and can be corrected by remapping the 0 bins

> Similar 0 dependence has been found in SHMS data that can be fixed in a similar method

-~ This 0 dependence is visible only for individual cross sections and cancels out for d/p ratios
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After O Correction

HMS normalized cross section ratio vs 0
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New SHMS Noble Gas Cerenkov Efficiency

* Previous analysis used a look up table to determine the noble gas Cherenkov Efficiency as a function of Xcer
and YCer.

* Recently, by looking at the efficiciency corrected efficiency, it was discovered that the old method didn’t work
uniformly across delta.

* New efficiency is now parameterized as a function of delta.

NEW Method: Cerenkov Efficiency in terms of delta

OLD Method: Cerenkov Efficiency from look up table
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Error Analysis: Target Density

"S 100E . Hydrogen ¥2/ndf 1.024e+04/174 | x2/ndf 1.223e+04/173 Error Value Uncertainty %
S :i_ + Deuterium :(rJOb 46.94 :0.5792 :)0“ 49.84 :0.637: ’ll)“emp erature 19 K ::182’7?[( 0.27%
> B ressure 25 psia +2psia 0.02%
O s ’ Equation of State 0.1%
s 3 .\ 4 » o;.:; f“m - Length Measurement Precision 100 mm | +£0.26mm | 0.26%
< g RN Length (Inner or Outer?) 100 mm | +0.26mm | 0.26%
o ¢ K f\’ M W«,W M SR Target Contraction 99.6% +0.1% 0.1%
S B X R ' Beam Position 0 3mm | 0.2%
e : Avg Boiling Correction LH2(LD?2) 0.30% (0.36%)
20— ae00 200 200 00 ISOI()OllhllnlNE;i(:)(i ] Total LH2 (LD2) 0.60% (0.63%)

Deuterium

Hydrogen
3.84 +/- 0.73 %/100 uA

4.30 +/- 0.82 %/100 uA

Z 1 Z 1 * The overall normalization uncertainty used is slightly
Fos Boof- larger than the table above; 0.75% in cross sections and
- Eb 1.1% in D/H ratio.
0.97 ! x2 / ndf 5.928/7 0.97 %2 / ndf 1.677/5

e e  Global error reflects our lack of knowledge to the target
096} slope (%/100uA)_3.84 + 0.7311 | slope (%/100uA)  -4.295 = 0.8239 . . .

= A rew e [ boiling, temperature, density, length and beam position.
093 slope (%/100uA)  -3.732 = 0.6492 . nnnnnnnnnnnnnnn 093 slope (%/100uA) _4 : 0.7365 ‘Non_trackingvie,
O L 1. oooster [PKemere el g 1+ coosies [Keees » An additional point to point uncertainity is calculated by

slope (%/100uA)-3.403 + 0.626 slope (%/100uA)-3.911 + 0.6941 . . .
0.93 o L 0.93 L L taking the difference with the average current

BCM4B Current (uA) BCM4B Current (uA)
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Looking Ahead

- ltem required for 1st publication D/H ratio 1.1:_ 330 < Q" (GeV') < 8.25; 6, = 21.0° 5
- Comparisons between 6 GeV and SLAC data - FIFzz1 KP DIS
* ltems required for highest Q2 setting in (HMS @ 60 1:_ """ «P HYBRID P AKRIT i
d eg reSS) I ELLLL CJ15 »  HMS Hall C, E12-10-002
° Charge SymmetrlC Background : 0 SHMS Hall C, E12-10-002 m Hall A, MARATHON

. . 0.9k
* Pion contamintion - e

.=
* [tems required for precision absolute cross sections % 0.8
» Revisit Calorimeter efficiency ©
* Overlaps in SHMS cross sections
- SHMS delta correction

0.7

0ttt
| | | |

* HMS optics for momentums > 5 GeV 0.6
*Incorporate latest updates to analyzer (hcangy | |
* Exciting physics to follow! (See Aruni’s talk) 05— :;::H, | I,|,|i|, ; |::,,,,|,,,;::|5,,|.|| .
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Cross Sections for SHMS 25 degree settings
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Cross Sections for SHMS 29 degree settings
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Cross Sections for SHMS 33 degree settings

0.8 1.6 1.1
0.7 :_ 1.4 1.05 :_ ........... m—F1F221 @000 | e am e s m =t anaad
/-\06:— —_ 1:_....-..... ..................
E;‘J OF ;cz 1.2 C
< B < = Q SHMS Data (E12-10-002)
C 095 ---=-----:«| ¥ 7 eeereeflf- -
% 0.5 % 1 i
O F < 09 -
= 04F = 038 o
N B -’ \£.85 —
= 0.3 = O
a - a 0.6 0.8
< N < 075
% . % 045 :
0.1 [ o
5 02T 0.7 C
O [ 0.65
_0 -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0 -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
°(}2 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1 °?).2 03 04 05 06 07 08 09 1
Bjorken x Bjorken x Bjorken x

'Dataﬂ:1 F221 v0.995 i ' Data/F1F221 v0.995 i ' Data/F1F221 v0.995 i

1.15p 11Sp : : : : 115p
1.1 1.1 1.1
1.05E 1.05F 1.05E
1 1 1:
0.95 0.95 e 0.95
0.9 0.9 0.9
0855036 052 068 084 1 085036 052 0685 084 1 085"

Bjorken X Bjorken X Bjorken X

Joint Halls A/C Summer Meeting 2021 ' F2 Analysis in Hall C



Cross Sections for SHMS 39 degree settings
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Error Analysis: Kinematic Uncertainties
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Error Analysis: Acceptance

shms : d : fractional change in cross-section vs Bjorken X : 39°

%? / ndf 220.4 /30 | x2/ ndf 270.9/30 | x°/ ndl 307.8/30 | %2/ ndf 526 / 30
p0 -0.01821+ 0.001781 | p0 -0.02113 £ 0.001717 | pO 331+ 0.001643 | p0 -0.04521 + 0.001543
p1 0.05322 + 0.004803 | p1 0.04937 + 0.003634 | p1 041+ 0.002648 | p1 0.05856 + 0.001865
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