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Motivation: Giant resonances
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Physics case: Electric dipole response of 11Li

°Li is bound
10Lj is unbound
Hliis bound with just S,, = 0.396 MeV

1Ljis a °Li with a very weakly bound 2 neutron
halo, which forms a Cooper pair.
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Sources: B.Jonson, Phys. Rep. 389, 1 (2004)
R.A. Broglia et al., Physica Scripta Volume 94, Number 11 (2019)
J. Tanaka et al Phys. Lett. B 774 (2017) 268-272
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Theory prediction of the full E1 response of !Li

R. A. Broglia et al 2019 Phys. Scr. 94 114002
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Experimental details: S800 spectrograph

The S800 spectrograph beamline at FRIB
Beam: ~1E+4 pps, ~53.4 MeV/u, 11Li beam

RO e Reaction to study: 1Li + p - 1Li* + p' > X + p'
’ X could be:
* 9Li+2n
8 Scintlator * 8Li+3n
oy
o * 7Li+4n
Hodoscope —- ¢ e 4He+4n+t
The S800 is used for:
1. Trigger (FP scintillator) lonizaton ~oee

2. Beam PID (ToF ARIS — Object station)
3. 1Li* decay product PID (ELoss vs ToF Object station)

Source: https://wikihost.frib.msu.edu/S800Doc/doku.php
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Experimental details: Beam components
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Experimental details: The AT-TPC

AsAd boards Micromegas High-voltage

\ feedthrough
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Source: J.S. Randhawa et al. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,

Detectors and Associated Equipment, Volume 948, 21 December 2019, 162830

Target: AT-TPC filled with:
A) H,@600Torr
B) 90%H,+10%CF,@700Torr

The AT-TPC is used for the tracking of the
scattered proton.

After AT-TPC analysis, the kinetic energy
and scattering angle of the proton are

obtained.

By using the missing mass technique, the
excitation energy given to the 11Li
nucleus is measured in inverse
kinematics.




AT-TPC Analysis: Event reconstruction and pattern recognition

RANSAC

m—)




AT-TPC Analysis: Bragg curve fitting

Erossi|ADC) = A

Charge vs Range
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AT-TPC Analysis: Extraction of kinematic variables

)

Kinematics:

Laboratory scattering angles for each AtTrack
from the RANSAC line.

Kinetic energies from SRIM ELoss tables.

With kinetic energy and scattering angle, we
obtain the excitation energy from missing
mass and CM scattering angle from 2-body
kinematics.



Very preliminary results!

Settings:

S800 centered in °Li, AT-TPC filled with H,@600Torr
S800 centered in 8Li, AT-TPC filled with H,@600Torr
S800 centered in ’Li, AT-TPC filled with H,@600Torr
S800 centered in *He, AT-TPC filled with H,CF,@700Torr
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AEg, [a.u.]

S800 centered on °Li + H,@600Torr: Decay product PID
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S800 centered on °Li + H,@600Torr: Decay product PID
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K ag [MeV]

S800 centered on °Li + H,@600Torr, gate on !!Li: Resolution
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S800 centered on °Li + H,@600Torr, gate on °Li: Kinematics
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Counts / 500 keV

S800 centered on °Li + H,@600Torr, gate on °Li: !!Li PDR
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S800 centered on °Li + H,@600Torr, gate on °Li: !!Li PDR

Source E* [MeV] 1T |[MeV] 6cpldeg] Reaction

This work 1.879(77) 1.96(12) 5-10 (p,p’)
1] 1.30(10) 0.75(60) 20 -45 (p, )
2] 1.030(30) 0.51(11) 75-110 (d,d’)

[1] A.A. Korsheninnikov et al., L = 1 Excitation in the Halo Nucleus 11Li. Physical Review Letters Volume 78, Pages 2317-2320
(1997).

[2] R. Kanungo et al., Evidence of Soft Dipole Resonance in 11Li with Isoscalar Character. Physical Review Letters Volume
114, 192502 (2015).
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S800 centered on 3Li + H,@600Torr: Decay product PID
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S800 centered on 3Li + H,@600Torr: Decay product PID
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AEg, [a.u.]

S800 centered on ’Li + H,@600Torr: Decay product PID
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AEg, [a.u.]

S800 centered on ’Li + H,@600Torr: Decay product PID
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K| ag [MeV]

S800 centered on ’Li + H,@600Torr, gate on ’Li

4

3.5

1.5

1

0.5

I\) .
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

JL1J|LJJ[1JIlJ!I|III|III|III|III

OILJ

0 20 40 60 80 100120140160180

6 ag [deg]

2 8-
18 -
s
1.6 E
6
1.4 B
=
12X O
o L
O L
1 24
0 B
c
0.8 S 3
06 © :
20
0.4 -
0.2 1:_
—010 -5

0

U‘l_

10

15 20 25 30
E.. [MeV]

22



Old preliminary result: 1Li Giant Artifact
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S800 centered on “He + H,CF4@700Torr: Decay product PID
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S800 centered on “He + H,CF4@700Torr: Decay product PID
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S800 centered on “He + H,CF4@700Torr, gate on “He
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S800 centered on “He + H,CF4@700Torr, gate on 8He
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Preliminary conclusions for preliminary results

1. We observe an acumulation of cross section at lower energies that could be the previously measured
PDR of 11Li.

2. The current preliminary fitting parameters for the PDR are not compatible with previous results, but this is
most likely because we are not taking into account nuclear penetrabilities in the fitting yet.

3. Whether or not we have managed to measure the IVGDR of !1Li can not be concluded yet. The current
analysis of that part of the data is still in a very preliminary stage, and we still need to correct for efficiency
and normalize the observed spectrums in order to conclude anything.
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Auxiliary 1: The S800 spectrograph CRDC detectors

rfp =xcorpcl, c-position (dispersive) in the focal plane

yfp =vycrpC1, y-position (non-dispersive) in the focal plane

T —z
ofp = atan ( CRDC2 — TCRDC1
gap

bfp — atan (yCRDcz ~ YCRDC1
gap

) , dispersive angle in the focal plane

) , non-dispersive angle in the focal plane

Integrated Image Charge

Pad Number

Sources: https://wikihost.frib.msu.edu/S800Doc/doku.php

Jaclyn Marie Schmitt's PhD thesis. Probing Spin-lsospin Excitations in Proton-Rich Nuclei via the 12C(p,n)N Reaction. 2022


https://wikihost.frib.msu.edu/S800Doc/doku.php

Auxiliary 2: The inverse map method

S800 Spectrograph Inverse Map Server

=By

-

This page is intended to provide a mean to obtain inverse maps for the S800 Spectrograph from the recorded
settings of the magnets. This calculation involves many steps performed by various programs and takes on the
average 20 seconds. The result is in the form of a standard COSY map in ASCII format which can be directly
used by the standard S800 SpecTcl program.

The data needed as input for the calculation are the currents in the 4 magnets of the S800 Spectrograph, the
magnetic rigidity and the mass and charge of the particle of interest. The distance between the target of the
pivot point is normally zero for the nominal target location. Upstream locations correspond to positive values
of this parameter. The focal plane shift can be used to fine tune the calculations based on comparison with
kinematics. It accounts for variations of effective lengths in the dipoles and/or discrepancies between the CAD
distances and reality. Downstream locations correspond to positive values of this parameter.

Q1 or I25604 (old) or Q_D2566 (new) current (Amps):
02 or 125808 (old) or Q_D2572 (new) current (Amps):
D1 or I2650S (old) or DV_D2597 (new) current (Amps):
D2 or 126905 (old) or DV_D2648 (new) current (Amps):

Brho or Magnetic Rigidity (Tesla.Meter):

Mass number of particle of interest:

Charge number of particle of interest:

Distance between Target and Pivot Point (Meter):
Focal Plane Shift (Meter):

NSCL experiment number:

Your Name:

Email address:

’:
——

0.0

(positive indicates upstream)

0.0

(positive indicates downstream)

| Submit |

Please click the Submit button only once and wait a few seconds until the server returns the calculated map!

If you have entered a valid Email address the map will be sent to you automatically

Sources: https://wikihost.frib.msu.edu/S800Doc/doku.php

ata yta bta dta = g1 xfp afp yfp bfp

dta

yta
ata

bta

KE — KE
KE

= deviation from the central energy at the target

y-position at the target
dispersive angle at the target

non-dispersive angle at the target

Jaclyn Marie Schmitt's PhD thesis. Probing Spin-lsospin Excitations in Proton-Rich Nuclei via the 12C(p,n)N Reaction. 2022


https://wikihost.frib.msu.edu/S800Doc/doku.php

Auxiliary 2: The inverse map method 2

L A S O SN B B S S e v ) e AR 3
C () 2.3290 Tm & = R a1
3E Lo E ata yta bta dta| = S xfp afp yfp bfp
2F ' =
= I e 10
Q ~ -
= O ]
= - - KE — KE o
= o dta = - - = deviation from the central energy at the target
- 110 KEy ' '
o =
_3E = yta = y-position at the target
_ﬁg - IZ..I?SI - IZ_.E%HI - IE._'I%EI - IZ Iil-{'ll - IZ_ll-; I

W ata = dispersive angle at the target
Rigidity [Tm]

bta = non-dispersive angle at the target

Source: Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)1IN Reaction. 2022



Auxiliary 3: The CRDCs calibration

IIn
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Source: Jaclyn Marie Schmitt's PhD thesis. Probing Spin-Isospin Excitations in Proton-Rich Nuclei via the 11C(p,n)1IN Reaction. 2022
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Auxiliary 4: ADC distribution of the pads in the *He runs

histADC

B histADC
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Auxiliary 5: ADC distribution of the pads in the °Li runs

histADC
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