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Pointing Uncertainty

e Use C12 ground state and 1% excited state to
calibrate d(AE’)

e Nominal value 4.43891 MeV £ 0.31 keV (F.
AJZENBERG-SELOVE AND J.H. KELLEY, Nuclear
Physics A506, 1 (1990) )



Landau Gaussian convolution fit
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Entries 4029
Mean -2.249
RMS 0.001393
%2 I ndf 269.2/183

Width 0.0001133 £+ 0.0000048
MP -2.25+0.00
Area 0.109 = 0.002
GSigma 0.0001307 + 0.0000084

Width2 4.536e-05 + 1.929e-05
MP2 -2.245 1 0.000
Area2 0.008672 + 0.000621

GSigma2 0.0001735 + 0.0000543

15t excited

-2.25

-2.249

-2.248

Value Error
(GeV) (keV)

g.s. peak 2.24963 5
(E1)

1st excited 2.24518 16
peak (E2)

E1-E2 4.450E-3 17

E1-E2 = 4.450 MeV
+/- 17 keV (stat.)
+/- 11 keV (syst.)



Pointing Uncertainty

Uncertainty calculation — 6~=6°, E=2.254GeV

— Two nuclei in the same target

sinf@df = —4.9 x 1073dE + 1.11d(AE")

6(AE)~20 keV
d6~0.2mr
Reach the requirement



Pointing Uncertainty 2

Target
e Survey Nominal  ¢€Mt€gg

e B=atan(x/z) beam ‘ 2

e |f just use survey to determine the angle, 66~0.7mr

., He
. 61=atan((x-xb)/z) Ctoil onter
6,=atan((x-xb)/(z+zoff))

Beam xb S 62 :
zoff |\
. . . . 01 |
AE =5 -E= 2Esii2(¢9 /12) 2Esi|r:_12(e /2) ™ (s = i)
1+ L 1+ -
M, M,

e 01=0+(61-0)vs.B81=06 *(61/6)
e Do similar substitution for Obtained from x, xb, z, zoff
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Beam Position at Target

beam y vs x
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Thanks Pengjia!

beam y vs x
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e Beam positions look identical



MC Simulation

* Uncertainty
— sieve (survey) 6x=0.5mm 6z=1mm
— Beam_x 6xb=1.5mm
— Target position 6z=1.5mm
— Crelative position 6zoff=0.15mm

81-60 62-60
h1 _ h2
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= Mean -0.003145 C Mean -0.001624
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sigma = 1.8mr sigma = 1.9mr 7



If using 61/60
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Z Mean 0.9687
— RMS 0.01831
- 12 | ndf 146.1/93
__ Constant 3275+ 12.6
- Mean 0.9687 + 0.0001
- Sigma 0.01825 + 0.00004
: 1 | 1 1 1 1 | Il | 1 1 1 1
8 0.85 0.9 0.95 1.05 1.1




(L1
Cll4

i
!

@Y

[ ] [ ] [ ] eo
o |f asSsuming Ssame uncertainties
xb 0
81-60
_ h1
— Entries 100000
B Mean -0.003131
25001 — RMS 0.001845
— ¥2 [ ndf 155.1 / 112
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2000— Mean -0.00313 + 0.00001
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If beam x uncertainty gets smaller

01-60 62-60
r " h 8000 . h2
4000 Entries 100000 - Entries 100000
- Mean -0.003135 C Mean -0.001628
2500 RMS 0.001237 7000~ RMS 0.000646
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dbeam_x=1mm

. dbeam_x=0.5mm
sigma=1.2mr -

sigma =0.emr
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e In the current situation, pointing cannot
provide more accurate results than survey

S ey [eoiming_

Angle uncertainty 0.7 mr 1.8 mr
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e Determine the center scattering angle

e Elastic scattering off a target of mass M
E_Eloss _E
1+2(E—E,oss)sin2(6?/2) 0%
M

e Use the difference in E’ between two nuclei

AB =B -F, - 2Esii2(¢9 /2) 2Esi|r:_12(9 /2) ~ B~ Bae)
1+ L 1+ :
M, M,

If two nuclei are in the same target, like CH2, 61=62=6, Eloss cancels each
other
If not, like Cin LHe, more steps need to be considered



