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Analysis Report: Experiment s467 [ s

Reproductlon of experlmental total Cross
sectlons on 36Ar
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Start of the story: Test case *°Ar - *Cl

* Selection: °Ar - *CI:
All hits E<20MeV
. CIusEer algorithm default cluster size 0.25 rad x 0.25 rad
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Nucleus Ejeyel(keV) Jm T2
35CL o 3/2+ STAELE
35CL 1219.29 11 1/2+ 126 fs 14
35CL 1763.04 7 5/2+ 0.39 ps 4
35CL 2645.74 & 7/2+ 159 fs 21
35CL 2693.75 & 32+ 33 fs 6
pap— B =in. - - -

https://www.nndc.bnl.gov/nudat3/getdatasetClassic.jsp?nucleus=35CL&unc=nds
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Gating on QFS reactions & gammas
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Gating on QFS reactions & gammas 2 ), TECHNIsCHE

Full data set for *Ca setting
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Step by step approach

e Goal:

Check the data for consistency
Check if the analysis code is working properly
Learn the details of the calculations

Are the amount of gammas we see reasonable?
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Step by step approach

e Goal:

Check the data for consistency
Check if the analysis code is working properly
Learn the details of the calculations

Are the amount of gammas we see reasonable?

* Pick the test case *°Ar@405 MeV/A and search for available data

Total reaction cross sections on C target at 1GeV/A available

Total reaction cross sections on C and H at 361 MeV/A available
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Step by step approach
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 Goal:

- Check the data for consistency
- Check if the analysis code is working properly
- Learn the details of the calculations

— Are the amount of gammas we see reasonable?

* Pick the test case *Ar@405 MeV/A and search for available data
- Total reaction cross sections on C target at 1GeV/A available

— Total reaction cross sections on C and H at 361 MeV/A available

* Produce the total reaction cross sections and do a sanity check

- FRS and Tracking data are okay, analysis code works properly and the calculations are correct

25.05.2023 | Christian Surder | WG Kroll | TU Darmstadt | R3B Collaboration Meeting, Budapest | Slide 7



UNIVERSITAT
DARMSTADT

Ar on C target 7, TECHNISCHE

* Select **Ar as incoming in FRS (Ix)

* Count the not reacted *°Ar in tracking (Ux) and subtract the incoming
to get the number of reacted particles
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Ar on C target 7, TECHNISCHE

* Select **Ar as incoming in FRS (Ix)

* Count the not reacted *°Ar in tracking (Ux) and subtract the incoming
to get the number of reacted particles

Ry 1 . Ry AT
Ir Tr Ly pT'dT'NA

gy =
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Ar on C target 7, TECHNISCHE

* Select **Ar as incoming in FRS (Ix)

* Count the not reacted *°Ar in tracking (Ux) and subtract the incoming
to get the number of reacted particles

Ry 1 Ry Ar
Iy Tr Iy pr-dr-Na Or~ Or

gy =
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* Select **Ar as incoming in FRS (Ix)

* Count the not reacted *°Ar in tracking (Ux) and subtract the incoming
to get the number of reacted particles

Ry 1 . Ry AT
Ir Tr Ly pT'dT'NA

O = O —~ Or

* Correct with the empty runs for efficiency losses and reactions with
the detectors and souroundings

Io(*° Ar)

36 . 36 36
Rc(P%Ar) = Ic(3%Ar) — U (3% Ar) — T, (% 4r)

. (Jem(%m) _ Uem(SGAr))
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Total reaction cross section *°Ar on C & 5 TECHNISCHE
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* lc: 881444, Uc: 656828, lem: 69370, Uem: 60805

 Target C: p=1.84 g/cm?, d=1.086 cm, A=12.0107 g/mol & Na
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Total reaction cross section *°*Ar on C £ TECHNISCHE
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* lc: 881444, Uc: 656828, lem: 69370, Uem: 60805

 Target C: p=1.84 g/cm?, d=1.086 cm, A=12.0107 g/mol & Na

 Total reaction cross section: 1311 mb @405 MeV/A
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Total reaction cross section 2¢Ar on C

* lc: 881444, Uc: 656828, lem: 69370, Uem: 60805

 Target C: p=1.84 g/cm?, d=1.086 cm, A=12.0107 g/mol & Na

 Total reaction cross section: 1311 mb @405 MeV/A

Target

Gtot

a(Zp =17)
6(Zp =16)
6(Zp = 15)
(Zp = 14)
(Zp = 13)
o(Zr =12)
o(Zrp =11)
o(Zp =10)
o(ZFp =9)
o(Zp =38)
o(Zp =1)

G. lancu et al. / Radiation Measurements 39 (2005) 525 — 533

361
H

466.2 +£21.9

86.7+17.7
94.7+8.2
51.3£6.0
71.2+72
275443
30.6 4.8
13.6 £3.7
13.8+£3.5
5.5%3.1
13.9+£3.7

8.5+3.6

361

C
1290.8 + 16.1
1227 £4.7
1243 £5.1
799 £3.6
91.3+4.0
57.0+3.1
71.9x3.4
37.4+£27
433£28
29.1+2.4
53.4+3.1
31.0+£2.7

1290(16) mb @361 MeV/A

Total and elemental fragmentation cross-sections for 36Ar projectiles in mb
FEtarget (AMeV)

359

Al

1763.5 +26.9
1549 +£8.2
142.1+£7.6
93.7+59
111.5+69
78.5+5.6
84.3 5.7
48.1 £4.4
69.1+:4.9
38.14+4.0
56.0+=4.4
42.0£4.1

1386(14) mb @940 MeV/A

Table 2

Interaction cross sections (oy) for Ar and Cl isotopes with carbon targets
Nucleus Mean energy/A o1

(MeV) (mb)

31Ar 940 1358 +34
2Ar 940 1317 £33
BAr 950 1330 £ 32
M Ar 950 1356 + 14
35Ar 955 1369 £ 15
36 A2 945 1386 + 14
36 b 940 1386 £ 23
37 Ar 945 1378 + 15

20

A. Ozawa et al. / Nuclear Physics A 709 (2002) 6072
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Total reaction cross section on Hydrogen L5 TECHNISCHE

 Two approaches:

I T T I
cm Tom,  p o (1 B CHQ) CH>
Ier Ter

Valerii Panin, Fully Exclusive Measurements of Quasi-Free Single-Nucleon Knockout Reactions in Inverse Kinematics, 2012

- Subtract the reaction cross sections for C and CH2

- Ry, = Rcn, — x Rer,

e Both giving the same result
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Total reaction cross section on Hydrogen
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 Two approaches:

x Rer,

1, T T 1,
— Ry, = Boy, - lomTom g (1 B CHQ) CH>

Ier Ter

Valerii Panin, Fully Exclusive Measurements of Quasi-Free Single-Nucleon Knockout Reactions in Inverse Kinematics, 2012

— Subtract the reaction cross sections for C and CH2
e Both giving the same result

* Total reaction cross section on Hydrogen: 355 mb @405 MeV/A

Total and elemental fragmentation cross-sections for 36Ar projectiles in mb

Etarget (AMeV) 361 361 359
Target H C Al
Orot 466.2+21.9  1290.8 + 16.1 1763.5 £26.9
a(Zp =17) 86.7+17.7 122.7 £4.7 1549 £8.2
6(Zp =16) 947 +£8.2 1243 £5.1 142.1+7.6
6(Zp =15) 51.3+£6.0 79.9 £3.6 93.7+5.9
6(Zp =14) 712+£72 91.3+4.0 111.5+69
6(Zp =13) 275+43 57.0+3.1 78.5+£5.6
6(ZF =12) 30.6 £4.8 71.9+3.4 84.3+5.7
6(ZF =11) 13.6 £3.7 37.4+2.7 48.1 £ 4.4
o(Zp =10) 13.8+£3.5 4833£28 69.1+:4.9
o(Zp =9) 5.5%3.1 29.1+£2.4 38.1+£4.0
o(Zp =8) 13.9+£3.7 53.4£3.1 56.0+:4.4
o(Zp =1) 8.5+3.6 31.0£27 42.0£4.1

G. lancu et al. / Radiation Measurements 39 (2005) 525 — 533
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 Two approaches:

x Rer,

1, T T 1,
— Ry, = Boy, - lomTom g (1 B CHQ) CH>

Ier Ter

Valerii Panin, Fully Exclusive Measurements of Quasi-Free Single-Nucleon Knockout Reactions in Inverse Kinematics, 2012

— Subtract the reaction cross sections for C and CH2
e Both giving the same result

* Total reaction cross section on Hydrogen: 355 mb @405 MeV/A

Total and elemental fragmentation cross-sections for 36Ar projectiles in mb

Etarget (AMeV) 361 361 359
Target H C Al
Tt 4662 +21.9 12908+ 16.1  1763.5+26.9
a(Zp =17) 86.7+7.7 1227 +4.7 154.9 £8.2
a(Zp = 16) 94.7 £8.2 124.3+5.1 142.1+7.6 466(22) mb @361 MeV/A
a(Zp =15) 51.346.0 79.9+3.6 937459
o(Zp = 14) 712472 91.3+ 4.0 1115469
o(Zp = 13) 275443 57.0+3.1 785456
o(ZF =12) 30.6 + 4.8 71.9+34 843+5.7
o(Zp =11) 13.6+3.7 374427 48.1+4.4
o(Zr = 10) 13.8+3.5 483+28 69.1£4.9
o(Zr =9) 55+3.1 29.1 %24 38.1£4.0
o(Zp =8) 13.9+3.7 53.4£3.1 56.0 £ 4.4
a(ZF =1) 8.543.6 310427 42,0441

G. lancu et al. / Radiation Measurements 39 (2005) 525 — 533
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Total reaction cross section on Hydrogen ) Tchnische

 Two approaches:

I T T I
cm Tom,  p o (1 B CHQ) CH>
Ier Ter

Valerii Panin, Fully Exclusive Measurements of Quasi-Free Single-Nucleon Knockout Reactions in Inverse Kinematics, 2012

- Subtract the reaction cross sections for C and CH2

- Ry, = Rcn, — x Rer,

e Both giving the same result

* Total reaction cross section on Hydrogen: 355 mb @405 MeV/A

Total and elemental fragmentation cross-sections for 36Ar projectiles in mb

Frarget (AMeV) 361 361 359
Target H C Al

Grot 466.2+21.9  1290.8+ 16.1  1763.5+26.9

o(Zp =17) 86.7 +7.7 1227 + 4.7 1549+ 8.2

a(Zp = 16) 94.7 £8.2 124.3+5.1 142.1+7.6 466(22) mb @361 MeV/A
o(Zp = 15) 513+6.0 79.9+3.6 93.7+59

o(Zp = 14) 712472 91.3+40 1115+69

o(Zp =13) 275+43 57.043.1 185+£56

o(Zp =12) 306 +48 71.9 +3.4 843457

o(Zp = 11) 13.6 +3.7 374427 48.14+4.4

o(Zp =10) 13.8£3.5 48.3+2.8 69.1+4.9 -

o(Zp =9) 55£3.1 29.142.4 38.14£4.0 Ver Slm Ie a roaCh
o(Zp =8) 13.9+£3.7 53.4£3.1 56.0+4.4

o(Zp=1) 8.5+3.6 31.0427 42.0+4.1

G. lancu et al. / Radiation Measurements 39 (2005) 525 — 533
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Summary up to this point &5 TECHNISCHE

* The results pointing into the right direction

e Several corrections need to be applied
— Full total reaction cross section formula
— Account for losses of particles in the different targets

— A propper cut on the unreacted particles
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Summary up to this point £ TECHNISCHE

* The results pointing into the right direction

e Several corrections need to be applied
— Full total reaction cross section formula
— Account for losses of particles in the different targets

— A propper cut on the unreacted particles

* Recevied already some feedback and paper (a lot) to read and
improve the calculation
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- Check the data for consistency

- Are the amount of gammas we see reasonable?
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* Check the total reaction cross section on Hydrogen again with

improved calculations
* Do a proper uncertainty calculation

* One can calculate the total reaction cross section from Ar on
Hydrogen

* Spectroscopic factors are available for *>Cl from a pick up reaction
%Ar(d,1)*Cl. Use this information to make an assumption of expected
gammas
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GRAD SCHOOL

Because sleep, fnends, and money are overrated
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