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M
any M

otivations to M
easure b E

nergy S
pectra 

R
eactor A

ntineutrino S
pectra

S
um

m
ation and C

onversion m
ethod

(N
eeded for accuracy and precision better than about 5%

, preferably 1%
)

R
eactor D

ecay H
eat 

(N
eeded for accuracy and precision better than a few

 %
)

N
uclear S

tructure 
(b-shape m

easurem
ents and b-g

correlations can inform
 spin and parity assignm

ents 
w

hile they also help identify dom
inant nuclear m

atrix elem
ents)

Fundam
ental W

eak Interaction P
hysics

(b-shape m
easurem

ents precision needed better than 1%
)

B
eyond the S

tandard M
odel P

hysics
(b-shape m

easurem
ents precision needed better than 1%

)
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A
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O
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nn. P

hys. 525, N
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M
otivations: 

R
eactor A

ntineutrino S
pectra

K
now

ing the individual b
energy spectra m

eans know
ledge of the antineutrino spectra due to the conservation of 

energy. B
ut this is only for b -decay level by level. This m

ay be described as the energy sharing betw
een leptons.

D
ue to unknow

n nuclear m
atrix elem

ents and higher order corrections, the energy sharing betw
een the b

and the 
antineutrino can not alw

ays be predicted. D
irect b-energy m

easurem
ents are needed to im

prove the sum
m

ation 
m

ethod for the predicted reactor b and antineutrino spectra to below
 the 5%

 level

Im
prove the precision of both the sum

m
ation and conversion m

ethod used to calculate the 
reactor antineutrino spectra.

C
an the antineutrino endpoint steps be detected in new

 antineutrino detectors w
ith good energy precision?

D
o screening exchange effects affect the antineutrino spectra near the end points? (E

ndpoint step?)

A
. H

ayes, et al., P
R

L 112, 202501 (2014)
L. H

ayen, et al., P
R

C
 99, 031301(R

) (2019) 
L. H

ayen, et al., P
R

C
 100, 054323 (2019)

X
. M

ougeot, P
R

C
 91, 055504 (2015)
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D
ue to challenges in predicting forbidden b

decays, 
direct m

easurem
ents of the b

energy spectra 
are

needed.
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144P
r Integral b

S
pectrum

 + Ferm
i P

lot
B

orovoi, et al., S
JN

P
 32(5) (1980)

6

137X
e G

round state to 
ground state b

spectrum
A

l K
harusi, et al., P

R
L 124, 232502 (2020)

E
X

O
-200 C

ollaboration

87Kr to
ta

l b
e

ta
 sp

e
c

trum
 he

re

C
urrent S

tate of b-D
ecay E

nergy S
pectra A

ffairs

E
xtrem

ely productive b
spectral m

easurem
ents perform

ed from
 m

id 50s until the m
id 1970s.

R
esearch

continues
to

this
day

w
ith

new
precision

instrum
ents, but still w

ith the sam
e isotopes.

W
hy did this productive line of research slow

 dow
n?

M
ost b-shape m

easurem
ents are all near stability, m

ost w
ith low

 Q
b

nuclei and know
n spin changes.

X
. M

ougeot, P
R

C
 91, 055504 (2015)

87K
r Integral b

S
pectrum

W
ohn, et al., P

R
C

 7, 160 (1973)
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C
urrent S

tate of b-decay energy spectra affairs

b
energy spectra have been m

easured w
ith m

agnetic spectrom
eters + ancillary detectors, 

silicon detectors, organic and inorganic scintillators, ionization cham
bers…

A
ll detectors have advantages, disadvantages, and unique experim

ental challenges and 
opportunities.

E
xperim

ental challenges w
ith b-energy m

easurem
ents include

B
eta detector challenges
E

lectron back scattering
B

rem
sstrahlung

Low
 efficiency requiring high activity sources

but m
ost lim

iting effect is dealing w
ith

C
om

plicated D
ecay P

atterns
N

eed to isolate the bs level by level, otherw
ise m

easurem
ents are inconclusive.

A
lm

ost all current m
easurem

ents are of sim
ple beta decays w

ith 
strong feedings to one or tw

o levels, long half lives, and easily producible in large quantities, 
i.e.near stability

N
eed to access and m

easure com
plicated b-decay patterns, for exam

ple fission products. 
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W
hat is needed to extract b

energy spectra from
 com

plex decay patterns?

In order to extract individual b decays from
 com

plex b
decay patterns the follow

ing is needed:

H
igh efficiency b

detector
H

igh efficiency g
detector

A
bility to separate bs from

 gs
H

igh statistics w
ill help

E
nergy precision preferred but not necessarily required

(b
shapes are w

ide sm
ooth functions)

S
everal of these are usually m

utually exclusive requirem
ents

b-Energy Spectra M
easurem

ents
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N
eeded M

easurem
ents

Individual C
om

plex b -D
ecays of fission products –

O
ngoing

Individual b
energy spectra for each level in com

plex b -decays
Integral b

m
easurem

ents for each fuel type

Integral g
m

easurem
ents for each fuel type

Verifying integral beta m
easurem

ents in several w
ays is the best possible 

K
opeikin

versus S
chreckenbach
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P. S
huai of O

R
N

L and U
TK

, in preparation

O
R

N
L is redesigning the central detector in our M

TA
S

 array in order to m
ore 

efficiently identify the b
com

ponent from
 com

plex b
decays. 

W
e have approved beam

tim
e for testing prototypes at A

rgonne N
ational Laboratory.

A
llow

ed Fit
First-Forbidden U

nique Fit

Identifying First-Forbidden U
nique from

 A
llow

ed w
ith Total A

bsorption S
pectroscopy

Identification of individual b
shape from

 com
plex b

decays is possible
O

R
N

L’s M
odular Total A

bsorption S
pectrom

eter (M
TA

S
) is a very efficient b and g-ray detector.

The M
TA

S
 detector can distinguish a first forbidden unique b

decay and an allow
ed b

decay

R
educed c

2
cut in half
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A
ccurate and precise b

energy spectra 
m

easurem
ents from

 individual b
decays level by level 

inform
s m

any areas physics research, both 
fundam

ental and applied and should be pursued!

W
e at O

R
N

L are w
orking on separating the b

energy 
spectra level by level.
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U
sing Total A

bsorption S
pectroscopy to P

erform
 A

ggregate N
uclear Fuel b

and g
M

easurem
ents

M
easuring aggregate g

and b
spectra by fuel com

ponent w
ould give further inform

ation on 
reactor antineutrinos and decay heat by fuel type.

N
eeded: 

S
ource of Various N

uclear Fuels
H

IFR
 at O

R
N

L is a good source of single nuclear fuels
( 233U

, 235U
, 238U

, 239P
u, 241P

u + others)

D
etector D

em
ands

H
igh beta efficiency

H
igh gam

m
a efficiency

H
igh neutron efficiency

O
r ideally all three at once.

G
ood energy resolution if possible
H

andle high rates if possible
(O

h, is that all?)

Total A
bsorption S

pectroscopy is an excellent option.
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Thank You for your A
ttention
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