E12-10-002:
F2 Structure Functions at Large x
Abel Sun



Outline

> Physics motivation

> Run plan
- Running conditions
- SHMS kinematics
- HMS kinematics
- Run time estimation

- Backgrounds



E12-10-002 Schedule

SHMS Comm. / E12-10-002

| SHMS Comm./E12-10-002 |

E12-10-002 /E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002 /E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002 /E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002 /E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002 / E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/E12-10-008

10.6/65/-/250

E12-10-002/ E12-10-008

10.6/65/-/250

75 12/12/17 Tuesday
76 12/13/17 Wednesday
124 01/30/18 Tuesday
125 01/31/18 Wednesday
126 02/01/18 Thursday
127 02/02/18 Friday
128 02/03/18 Saturday
129 02/04/18 Sunday
130 02/05/18 Monday
131 02/06/18 Tuesday
132 02/07/18 Wednesday
133| 02/08/18 Thursday
134 02/09/18 Friday
135 02/10/18 Saturday
136 02/11/18 Sunday
137 02/12/18 Monday
138 02/13/18 Tuesday
139 02/14/18 Wednesday
140 02/15/18 Thursday
141 02/16/18 Friday
142 02/17/18 Saturday
143 02/18/18 Sunday
144| 02/19/18 Monday
145 02/20/18 Tuesday
146 02/21/18 Wednesday
147 02/22/18 Thursday
148 02/23/18 Friday

E12-10-002/ E12-10-008

10.6/65/-/250

E12-10-002/ E12-10-008

10.6/65/-/250

E12-10-002 2-day run on Dec.12, 13 at 6.4 GeV for R measurement

E12-10-002/008 starts on Jan.30,2017 and runs for 25 days
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Constrain PDFs at Large x

> Typical PDFs extraction still lacking in the required precision at low x and large x
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Why It’s Important to Know PDFs at Large x?

> Relevant for studies of the non-perturbative dynamics of nucleons: d/u ratio
at x=1 can give hints of how quarks are confined
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> Poor knowledge of PDFs at large x propagates to low x

- Perturbative QCD evolution moves strength
from large x, low Q? to low x, high Q?

- The x-dependence of PDFs is parametrized at low Q2 ,, |
where most of their strength is at large x

> Partons need large energy to create a particle with large mass at the LHC
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F2 Structure Functions at Large X

Experiments:
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F2 Structure Functions at Large X
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How do we practically run E12-10-002?



Inclusive Cross Section Measurements

> F, structure function obtained from cross section measurements

d*o 1 1 11
— Nmeasu're — BG —
dQdE’ ( ! VNN, dQdE A=

° x"
absolute cross section

with radiative effects



Inclusive Cross Section Measurements

> F2 structure function obtained from cross section measurements

d*o 1 1 11
— Nmeasure — BG —
dQdE’ (Nmcagures VNN, d0dE A =

X
absolute cross section
with radiative effects

. »
Pions

Electrons
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Inclusive Cross Section Measurements

> F2 structure function obtained from cross section measurements
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absolute cross section ' .

with radiative effects '
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Pions

Background

- Cryogenic target endcaps

. e- from decay of m°
produced in the target

- contamination from pion
response in PID
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Inclusive Cross Section Measurements

> F2 structure function obtained from cross section measurements
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Inclusive Cross Section Measurements

> F2 structure function obtained from cross section measurements

experimental efficiencies
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. e- from decay of m°
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- contamination from pion
response in PID
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E12-10-002 Running Conditions

> Unpolarized Beam
energy: 10.6 and 6.4 for R measurement
current: 30 pA or larger
> Targets
10 cm hydrogen - production
10 cm Deuterium - production
Al foils - background measurement

> SHMS is used to take most of the production data

> HMS is used to measure highest Q% point and for cross-calibration with SHMS
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> SHMS is used to take most of the production data

E12-10-002 Run Plan

SHMS kinematic settings with 10.5732 GeV beam

Angle Momentum(GeV/c)
21 2.7, 3.3, 4.0, 5.1
25 2.5, 3.0,3.5,4.4
29 2.0, 2.4, 3.0, 3.7
33 1.7, 2.1, 2.6, 3.2
39 1.3, 1.6, 2.0, 2.5

0.2

4

> 5 angle changes

> 20 momentum changes

\ |
different colors for different central momentum settings
cover a wide kinematic range because of large momentum acceptance




E12-10-002 Run Plan

> HMS is used to measure highest Q% point and for cross-calibration with SHMS

i s | HMS kinematic settings with 10.5732 GeV beam
16— —
- 1 | Angle Momentum(GeV/c)
e 1 21 2.7, 3.3, 4.0, 4.5, 5.1, 5.7
1ol ] 59: 1.05, 1.18, 1.35, 1.50
«— L : J
= L |
G10H - 59 deg: Production to push to highest x, Q2
G L _
al el 21 deg: commissioning data to
S e s - cross-calibrate HMS and SHMS
°r — 7 > 2 angle changes
4:—Mﬂ — > 10 momentum changes
0205 04 05 06 07 08 08 1

During the SHMS production running at 25, 29, 33, 39 deg the HMS will take

production data at 59 deg
16
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Production Rate, SHMS

Nieasured = €r0oss section * Nyegm * Nigrget

17

do
rate = x dQ) x dE' %
dQUdE!

zo%oooo E
- &
= 03
i_ 0=21° _i
:l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :
2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

—

I NA*,O*t

>k

Qe A

> |nput parameters:
target length: 10 cm
beam current: 30 pA
W2 bin size:
0.1 GeVZin resonance region
0.2 GeVZin DIS

> Shape due to

detector acceptance effect
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Production Rates on H/D target, SHMS

> Rate plots

H target
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Production Time Estimation, SHMS

> |nput parameters:

vE = Target length: 10 cm
2 __ 6=21O __
E = Beam current: 30 pA
- 1.5% stat. A o
10E” 4 5o stat. for W2>1.6 time=4.46 AP 5 W2 bin size:
w — O
& E tmesoar % 0.1 GeV2in resonance region
= 10" | time-033 % 0.2GeV2in DIS
TR ol % % > Shape due to
e E detector acceptance effect
10—40-;| L 1 |0|3| L 1 |O|4| L 1 |O|5| L 1 |0|6| L 1 |0|7| L 1 |0|8| L 1 |O|9| L 1 I_1
| | | | X | | | > Shown are times corresponding

to different statistical precisions
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times(hours)

times(hours)

H Production Time Estimation, SHMS

> Time estimations for all kinematics
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D Production Time Estimation, SHMS

> Time estimations for all kinematics
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Production Time Estimation

> 1.5% statistics

Time(h) Time(h) 1.5% stat.

Angle(deg) H target D target for W2?
21 5 3 1.6
25 15 8 1.9
29 26 14 2.4
33 50 27 2.7
39 100 54 2.9

statistical precision will be less than 1.5 % below the W? cuts

> Total time for H running: 196 h
> Total time for D running: 106 h

> Dummy run time: 15% of D target
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Production Rates on H target, HMS
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> Rate at large angle is low
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> HMS will stay at 59 deg after taking data at 21 deg
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Pion Contamination

> Maximum m/e ratio estimation: SHMS: m/e<250
HMS: m/e<150

> SHMS simulation

For momenta between 1.4 and 4 GeV, /e < 250
Cherenkov rejection: HGC - 25:1 & LGC (Ar) - 25:1 } m contamination 0.3%
Calorimeter rejection: 150-200 (99.5 efficient)

For momenta > 4 GeV, m/e < 2.5
Cherenkov rejection: LGC (Ar) - 25:1 } m contamination 0.1%
Calorimeter rejection: 200 (99.5 efficient)
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Charge Symmetric Background

> Secondary electrons from m%->y+e-+e* will pass PID cuts and

be detected e total=€ DIs+€ bg

> e+/e- ratio

Target length: 10 cm

e* cross section: P. Bosted’s code based on Wiser’s fit to m+ and m- production on H

102

Ey o, E,..,=10.5732 GeV, target H
%,
10 = c)ooo'vv R
E oooovavA‘A
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Oooo vvv AAA "
1= e, _
E Cboo v'vv L 21
—~ — cbo
£ 101 R $25°
IQ E Cboo A 290
o LF K . 33°
— 2
T 10 = - 39°
- 59°
1073 =
S .
1074 ;—
—5 B | | | | | | | | | | | | | | | | | |
107 2 3 4

We will measure charge
symmetric background with the
same spectrometer that detects

the scattered electrons.



SHMS Priority list

Polarity Angle Momentum(GeV/c)

neg 2 5.1, 4.0, 3.3, 2.7
neg 39 2.5,2.0,1.6,1.3
neg 33 3.2,2.6, 2.1, 1.7
pos 21 3.3, 2.7

pos 39 2.5,2.0,1.6, 1.3
pos 33 3.2,2.6, 2.1, 1.7
neg 29 3.7, 3.0, 2.4, 2.0
neg 25 4.4, 3.5, 3.0, 2.5

> eliminate some momentum settings for positron running
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Going from Cross sections to F:
Determination of R

> Cannot claim a precise extraction of F2 from cross section without a precise
knowledge of R

do/dQdE'/T

dO‘ 0.0088

__ 2 2\ _
AQOdE F(OT(xa Q ) + 50_L(x7 Q )) — FOT<1 + gR) 0.00875

0.0087

0.00865

1 0.0086

e =

_ 149 y252QQ tcm?g 0.00855
0.0085
kM 0.00845
F $,Q2 — o $7Q2

1( ) Am200 T( ) 0.0084
p y 0.00835F

Fy(z, Q%) = i ’
2(2, Q) dm2a 1 + 12 /()2 or(@, Q) + oz, Q)] 0.0083
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> Measurements at different beam energies than 10.6 GeV to extract R,
especially in the region of large x and large Q2
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Determination of R
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Thank you.

Groups involved in preparation for running:
> E12-10-002

Students: Abel Sun (CMU), Deb Biswas (HU)

Spokespeople: Eric Christy, Thia Keppel, Simona Malace (contact), loana Niculescu
> E12-10-008

Students: Kayla Craycraft (UT), Abishek Karki (MSU)

Spokespeople: John Arrington, Aji Daniel, Dave Gaskell (contact), Nadia Fomin
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