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INDIANA UNIVERSITY 8

A diverse assortment of graphic representations of “IU,” Indiana University’s 
acronym, has been in use dating back to 1898. Many variations appear in 
limestone carvings throughout the university, and many more have been 
developed for other applications.

One version of the “IU” expression, created and first implemented in 2002, and 
referred to as the Block IU, has been selected as the foundational element for 
the Indiana University Integrated Image Program. It is graphically strong, simple, 
communicative, and can be quite effective when integrated with other elements. 

The IU Seal, discussed in detail later in this guide, is to be reserved for 
ceremonial and executive-level communications. Given that many universities 
have institutional seals of approximately the same contours, the Block IU offers 
a more differentiating presentation. IU has also been represented in the past 
by a wordmark; however, while distinctive, it does not provide the flexibility to 
accommodate the complex identification system required by the university’s 
various needs and has therefore been discontinued. 

Adopting the Block IU as the standard across all media and increasing its presence 
will help meet the objectives of the program and provide synergies supporting the 
extensive presence of the university throughout the state and globally.

Note: The IUPUI wordmark is in development and will be addressed in the next 
iteration of this guide.

Mark: Block IU

I d en t i t y  C omponen t s



Neutron Beta Decay Hamiltonian

 
H β =

GF

2
d 3x Ψ pOjΨn⎡⎣ ⎤⎦∫

j
∑ ΨeOj (Cj − ′Cjγ 5 )Ψν⎡⎣ ⎤⎦

scalar: CS , CS'    OS = 1 pseudoscalar: CP , CP'    OP  = γ5      (negligible)

vector: CV , CV'    OV  = γµ axial vector: CA , CA'    OA  = γ5 γµ

tensor: CT , CT'    OT  = σµν



V, A
e ν

helicity preserving

S,T
e ν

helicity reversing

Look at e-ν correlation in beta decay (Bloch, Møller 1935)



Fermi
(lepton S = 0)

Gamow-Teller
(lepton S = 1)

Tensor:   a = +1/3

Axial Vector:   a = -1/3

Vector:   a = +1

Vector:   a = +1

Scalar:   a = -1



Fermi fraction

Allen, et al.,
Phys. Rev. 116, 134 (1959)

Established the V, A nature
of the weak interaction
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This is the basis of the V-A theory of weak interactions, assumed by the 
Electroweak Standard Model 
 
BUT... 
 
non-standard physics (SUSY, RHC, GUT's, extra Higgs, etc.) could lead to 
deviations observable in beta decay 
 
Neutron decay:  theoretically cleanest nuclear beta decay,  mixed Fermi-GT 

 

Experimental evidence from beta decay shows: 
(Boothroyd et al. 1984, García et al. 2000, Hardy and Towner 2005) 

 
C
V
= !C

V    and   CA
= !C

A    (within ~1%) 
 
 



Neutron Decay Parameters

Phenomenological (J = 1/2 → J = 1/2) beta decay formula [ Jackson, Treiman,
Wyld, 1957 ] :

 
dW ∝

1
τ
F(Ee ) 1 + a

pe ⋅
pν

EeEν

+ b me

Ee

+ A

σ n ⋅
pe

Ee

⎡

⎣
⎢ + B


σ n ⋅
pν

Eν

+ D

σ n ⋅

pe ×
pν( )

EeEν

⎤

⎦
⎥

For allowed beta decay, neglecting recoil order terms, the standard
electroweak model (Weinberg, Glashow, Salam, et al.) predicts:

a = 1− λ2

1+ 3λ2
b = 0 A = −2 λ

2 + Re(λ)
1+ 3λ2

B = 2 λ
2 − Re(λ)
1+ 3λ2

D = 2 Im(λ)
1+ 3λ2

≈ 0 τ ∝
1

gv
2 + 3gA

2 where λ ≡
gA
gV



Present Experimental values* 
 
 

 
 

 

τ = 885.7 ± 0.8 s 
 
 

A = -0.1173 ± 0.0013 
 
 

B = 0.981 ± 0.004 
 
 

a = -0.103 ± 0.004 
 
 

D = -0.4 ± 0.6 × 10-3 
 
 

λ = -1.2695 ± 0.0029 
 

* Review of Particle Physics, J. Phys G 33 (2006) 

Ultimate objective: 
 
0.1% precision for all parameters: 
 
• important limits on S,T currents, 

RH currents, CVC violation, 
SCC 

 
• recoil order effects become 

important 
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Reasons to measure “a” more precisely

•  determines λ (gA/gV), with similar sensitivity
as A, but without requiring polarimetry

•  helps resolve the CKM unitarity question

•  improves tests of self-consistency of the EW Standard Model:

� 

F1 =1+ A − B − a = 0
F2 = aB − A − A2 = 0

predicted

� 

F1 = 0.0025 ± 0.0064
F2 = 0.0034 ± 0.0050

•  a and A together improve limits on scalar
and tensor currents in neutron decay

•  a and A together put sharp new limits on CVC
violation and SCC (Gardner and Zhang - 2000)

actual

Ultimate goal: A and a  to 0.1%



Standard method for measuring the
e-ν correlation:

recoil energy spectrum

statistically most advantageous



Grigor'ev, et al. (1967):

• recoil proton spectrum with constant
electron energy

• double toroidal magnetic electron
spectrometer

a = - 0.091 ± .039

λ = 1.22 ± .08



a = -0.102 ± 0.005 (5%)

systematics limited:

•  spectrometer calibration
•  vacuum correction
•  space charge effects



Byrne, et al. (2002):

• Magnetic field expansion to
convert 3-D proton energy
spectrum into 1 dimension

• Varied electrostatic barrier to
obtain integral proton spectrum

a = -0.1054 ± .0055
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A Novel Method to Measure a
(Yerozolimsky and Mostovoy, 1996)
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We separate groups I and II by the beta energy
and time-of-flight between beta and proton detection.
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Our goal is a 0.5% measurement
(10x improvement)

energy slice
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Too little transverse momentum accepted:
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neutron beam

electrostatic mirror

beta collimator

proton collimator

backscatter
suppressed
beta
spectrometer

proton detector

350 cm

flux return

aCORN
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 σa /a  = 2%
in 120 beam days on NG6

 
Ultimate goal is 
σa /a  = 0.5%



Important Systematic Effects 
 

 
1. Electron backscattering from beta spectrometer 
 - fills in gap between proton groups 
 
2. Electron scattering from beta collimator 
 - similar effect 
 
3. Transverse magnetic and electric fields 
 - creates false asymmetry, false "a" 
 
4. Wrong-way electrons scattering from proton end 
 
 

All will be controlled at the level of 0.5% of "a" 



Backscatter From Beta Spectrometer 
 
 
 
 
 
 
 
 
 
 
 
 

 
This can cause as much as a 16% error in "a" 
 
We want to suppress backscatter by at least a factor of 10 



Backscatter Suppressed Beta Spectrometer 
 

 
 



Prototype Backscatter-Suppressed
Electron Spectrometer
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aCORN Beta Spectrometer

units in cm
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104.2



aCORN Main Magnet



3.0x10
-3

2.5

2.0

1.5

1.0

0.5

0.0

fa
ls

e 
"a

"

0.300.250.200.150.100.050.00
uniform transverse B field (G)

acceptable range

Transverse External 
Magnetic Field Sensitivity

Uniform External Magnetic Field



ground +2500 V

1 mm carbon-impregnated
teflon (5 MOhm)

40 µm wires
2 mm spacing

Electrostatic Mirror

neutron beam

E

Monte Carlo:

False asymmetry due to transverse deflection 
of protons = 1.1 ± 0.5 x 10

                             = 0.2% of "a"
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aCORN 
Responsibilities: 
 
• Main vacuum chamber   Indiana 
• Mechanical support structure  Indiana 
• Magnet system    Hamilton 
• Magnet alignment system  Hamilton 
• Beta spectrometer    Tulane/NIST 
• Electrostatic mirror    Tulane 
• Proton detector    DePauw 
• Collimator system    DePauw 
• Neutron transport    NIST 
• DAQ      NIST/Tulane 

 
Schedule: 
 
• final design and component construction Jan-Dec 2007 
• integration of apparatus at IUCF   Jul  2007 - Jun 2008 
• shakedown/test run at LENS?    summer 2008 
• begin physics run at NIST    fall 2008 



$100M NCNR Expansion Project 
Funded in FY07 

Existing 
Guide Hall 

New 
Guide Hall 

Fundamental Neutron Physics 
 End Position 



 
 
Other experiments proposed or in progress to measure the electron-
antineutrino correlation (a) in neutron decay: 
 
• aSPECT: ILL, Munich - complete run in 2005 

 
• abBA/Nab: LANL, UT/Oak Ridge, UVA 

 
• UCN A (a): LANL, NC State, Caltech, UW 




