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Challenge: Determine optics for mistuned spectrometer if
qualiity optics were taken with a nominal tune

— Nominlal tune consistist of a particular set of B*dl ratios
eg. B*dl (Q1) / B*dl (D) = 0.25
— Mistuned setting consists of one or more magnets set to wrong ratio

eg. B*dl (Q1)/ B*dl (D) = 0.23

Solution: Utilize optics model (eg. COSY) to determe corrections
relative to nominal tune, eg.

ysat ' ’ _ yNominal y ' ’ ' '
X tar(xfp’x s Vs Y fp) = X' (Xfp’x s Vs Y fp>+AX tar(Xfp’X > Yy fp)

Even if forward transport model is not perfect we expect that small variations
about nominal tune can me modeled accurately.
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Formalism

The forward transport matrix takes vector at target and maps to vector at focal plane

Target Forward matrix Focal

X, - X,

Xp= M;Xx,

The reconstruction matrix takes vector at focal plane and maps to target

Target Recon matix Focal
X, - X,
Recon: Xt<y,X',y’:6):M X(‘X)yax':y’)
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Optics correction for saturated Q1

Goal: To generate the Q1 saturated optics corrections for the data using MC

— X yNominal

14 t 1} I I 1} I I 14
For example: X 'w (X, X' Yo ¥ ') ar (X X Yo V) ¥ AX (X, X 0, Vi V')
-< >
From MC

What was done?: -  Simulated events uniformly generated for target Y and
angles calibration
- Simulated elastic events in SIMC for momentum calibration

e Generated MC sieve slit events using the model of the spring 2016 sieve slit
for both nominal as well as saturated MC events

* Fit both MC in the same way as data because it gives same matrix format as
data

Although MC does not accurately predict the nominal optics we expect
MC can accurately describe small variation in optics due to small change in fields
of the individual magnets
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« Correction factors determined as a differences of mistuned and nominal
reconstruction matrix elemens from optics model:

For example for X' matrix:

y Nominal __ 12 '
X' = Asoot Aroo0 Xp T AgiooX o AsigoXp X pyeeeenes

AX 'tar(xfp’ X5 Yoy 'fp):BOOOO_ A0000+(B1000_A1000> Xfp+<B1100_A1100)Xpr e .

— Correction factors determined order by order in target variable expansion
— Must use same order expansion as in data for consistent expansion.

- If using COSY in both data and MC then determination is farily trivial.
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But Hall A Analyzer uses different format from COSY and
rotated coordinates at detectors.

How To deal with this?

For GMp we decided it was easier to simply use the COSY
Based Monte Carlo to generate optics pseudo data for

Sieve slit and e-p elastic d-scans
=> Then we could simply use the existing data optimization

code to determine the reconstruction matrices in the same
format as the Analyzer

6/22



Target y calibration for nominal MC
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Optimization

Sieve Plane Proj. (tg_X vstg_Y) for Data set #0

'E‘ F
— 01—
A m.
=3 -
& F + + 4+ + + + + + +
0.05~ —|—++-ﬁ--§ﬁ-§-§-+ T
a8 884
L " 6
r +++ § @ ﬁ- 4 + |
[ =+ 4+ =+ -s- -%— -@- -ﬁ- -ﬂ- -+ |4,
oo} —+——|——|——£~ﬁr-‘r-’+—l—
“+— -+ +~ + + + + + + 2
=0.1=-
5 ISR BT T TN S N T ST SR NN R R A ' |
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Sieve H [m)]
Sieve Plane Proj. (tg_X vs tg_Y) for Data set #3
—_ 9
£
& 5
e I 8
s | -+ =+ ah
0.05 -+ —+
B =16
X -+ -+ i
oF -+ -+ o
B —4
X -+ -+ ,
—0.05-— -+ —+
B 2
[ -+ —+
L 1
-0.1=
L1 | PSPPI PR EPRPEE B o
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Sieve H [m]

results of MC x’'.,,and y’,,,

o Sieve V[m]
o

[=]
a1

-0.05

s

o SieveV[m]
o

o
4]

=]

-0.05

L

Sieve Plane Proj. (tg_X vs tg_Y) for Data set #1
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #2
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Results of Momentum calibration for
Nominal MC
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Target y calibration for mistuned MC
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= F 1800
1200_— 1800 -
- A=-0.2mm - A=0.1mm 1600 - A=0.2mm
B 1600 .
1000 c=1.9mm o c=1.6 mm 1200k c=1.4mm
[ 1400 C
- F 1200
800_— 1200 N
- 1000f- 1000~
600 C s
[ 800 :_ 800 :—
400~ 600 600
i 00k a00f
200 F :
C 200F 200
[ [ M IPEPE T BT B o:l....l.......l,. NP
obos 001 0015 002 002 003 0035 R005 0 0.005 0.01 0.015 0.2  0.025 Z0.015 -0.01 -0.005 0 0.005 _0.01
Target Y [m] Target Y [m] Target Y [m]
[ Target Y for Foil Target #3 | [ Target Y for Foil Target #4 |
1400F 1000~
- A=0.1mm - A=0.3 mm
1200 c=1.7mm aoo-— c=1.9mm
1000 i
800~ L
600[ a00-
ool :
- 200}
200~ B
bt ot ool bt i 1 bt P P P P T PP P
0025 -0.02 -0.015 -0.01 -0.005 0 ~0.035 -0.03 -0.025 -0.02 -0.015 -0.01
Target Y [m] Target Y [m]

10 /22



Results of optimization of X', and y',,,
mistuned matrix
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Results of Momentum calibration for
mistuned MC
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Apply procedure to mistuned case due to
uncorrected Q1 saturation
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NAQ<LTxTE)

N/QxLT=TE)

N/(QxLTTE)

Data vs SIMC for Q1 saturated kinematics (uncorrected)

Q1 8% reduced B*dl from nominal tune
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Kinematics: K34
E =6.427 GeV, 0=24.2 °, P, = 3.962GeV , Q2 = 4.543 GeV?
ydat2/yMC - 0.944130 + 0.006654
Cross section = 7.277897e-05 + 5.129591e-07 pbarn/sr

Cuts:
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43705 YO; \;35/

Quades focus in one direction and defocus in other
=> expect that utilizing nominal Reco MEs for mistuned Q1 will result in smaller
distribution in in-plane angle and larger distribution in out-of-plane angle.
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Data vs SIMC with corrections to saturation

— Data - dummy
Dummy

— MC

0.85 0.9 0.95 1 1.05
w

Y'W(In-%lane angle)

|
-t
=1

0.2
0.15
0.1

0.05

-0.05 fl 0.05

N/(QxLT=TE)

N/QxLTXTE)

X
=
=1

0.25

0.2

0.15

0.1

0.05

0.25

0.2

0.15

01

0.05

Ax= 2.0 mrad

llllIIIIIIIIII]IIIIIIIIIII

Kinematics: K49
E =8.518 GeV, 6= 30.9 °, p =3.685GeV, Q2 =9.002 GeV?

0
yéatayMC - 0.997638 + 0.006656
Cross section = 1.263270e-06 + 8.428235e-09 pbarn/sr

Cuts:
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Data vs SIMC for no corrections to saturation
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Example correction applied to DVCS saturated kinematics
for Z target

From Bishnu Karki (DVCS)

Multifoil carbon run for with Q1 saturation

—— New Optics
—— Old Optics
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Data analyse with Longwu's MEs

- Data analyse with Thir's MC MEs an
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Data analyse with Longwu's MEs
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