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Limitations
Electron E calibration (Z)

>

Statistics
Electron E calibration

PDF uncertainties

>
(pp, not pp̄)
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E1 ⇒ x
2

= 0

E3 ⇒ l1 + x1 + p1 = 0
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With incomplete 
information ...

How to optimize the 
measurement of

MW ???
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Formal SINGULARITY CONDITION
I.W. Kim arXiv:0910.1149v1

Dij ≡ ∂Ei/∂xj

SC: Rank(D) at Singularity < Rank(D) elsewhere

D=
∂(E1, E2, E3, E4)

∂(x0, x1, x2, x3)
=2









x0 −x1 −x2 −x3

l0 −l1 −l2 −l3
0 1 0 0
0 0 1 0









ESC ⇒ Det D ∝ l0 x3 − l3 x0 = 0
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E1 ⇒ x
2

= 0

E2 ⇒ 2 l · x = M
2

E3 ⇒ l1 + x1 + p1 = 0

E4 ⇒ l2 + x2 + p2 = 0

ESC ⇒ l0 x3 − l3 x0 = 0

Eliminate x0, x1, x2, M ⇒ x3 = l3

{x0, x1, x2, x3, M}

Eliminate x0, x1, x2, x3 ⇒ SC(l, p)
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Singularity 
Conditions

Singularity 
VARIABLES
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A Trivial “Euclidean” example; Gripaios, arXiv:1005.1229

Φ := x
2 + l

2
− M

2 = 0

P

S l
u

x

M

H

SC ⇒ D = ∂Φ/∂x = 2x
Reduced Rank ⇒ x = 0

[

arccos

|l|

M

]2

ΣK(M, l) = u2
≡

General but not OPTIMAL

M → M
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M a letter

M everything 
else
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ΣK(M, l) = u2 ≡

[

arccos
|l|

M

]2

Σ1(M, l) = 2 [1 − cos u]
Σ2(M, l) = 2 [1/ cos u − 1]

Σ3(M, l) = sin2 u

dx dl δ(x2 + l
2
− M

2)

δ[σ − Σi(M, l)]

∫
dx dl

= Hi(σ,M,M) ≡
dN

dσ
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The Σ Contest

1
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ΣK(M, l) = u2 ≡

[
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]2

Σ1(M, l) = 2 [1 − cos u]
Σ2(M, l) = 2 [1/ cos u − 1]
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Dalitz plot
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More Realistic Instances

δ(2 l · x − M
2) × |ME|2

u d̄ → W → lν

         to LO in the SM

PDFs: http://durpdg.dur.ac.uk/HEPDATA/PDF

ME

!p
T

= 0 in graphs to follow
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0 = Φ(l3, x3, lT , cos θ, pT , M) ≡
(

−2 lT (cos θ pT + lT ) + 2 l3x3 + M2
)2

−4
(

l3
2

+ lT
2
)

×

(

2 cos θ lT pT + lT
2

+ pT
2

+ x3
2
)

∧{!pT ,!lT }θ

33



lT
max(M, cos θ, pT ) =

M2/2
√

M2 + p2
T

+ pT cos(θ)

ΣA(l3, x3, lT , cos θ, pT ,M) =
lT − lT
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T
for !p

T
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are inevitable
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unknown mass
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Conclusions

 Edges are Singularity Conditions
Distances to singularity are SVs

-Projections onto visible momentaΦ

The (Statistically) Optimal Singularity 
Variable maximizes the Fisher Information,
and is everywhere orthogonal to Φ

Non-Optimal SVs develop fake 
singularities even for   M = M

I.M.O. quite a bit remains to be done for 
cases with more than 1 invisible object

The PDFs for      are less constrained than for          
--> better        or better PDF-constraints 

pp

pp̄ MW ??
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