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COMPASS

pp → pπ0 p

Starting Point

I 2-body final state pfastM0

I pomeron exchange dominates

I no isospin exchange⇒ only I = 1
2

baryons

I many different final state mesons
accessible

I π0 → γγ
I η → γγ
I η → π+π−π0

I η′ → π+π−η
I ω → π+π−π0

I . . .
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COMPASS

pp → pπ0 p

Simplifying the Process

I target/recoil proton does not
participate in the reaction

I switch to ’target pomeron’

I transform to B+ rest frame

I s-channel proton pomeron scattering

pbeam

pfast

B+

M0

P

ptarget

precoil

P

B+

M0

pfast

Some Constraints

I Neglect everything but spin-0 pomeron exchange

I Concentrate on spin-0 mesons (π0, η)

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 3 / 11



COMPASS

pp → pπ0 p

Simplifying the Process

I target/recoil proton does not
participate in the reaction

I switch to ’target pomeron’

I transform to B+ rest frame

I s-channel proton pomeron scattering

pbeam

pfast

B+

M0

P

ptarget

precoil

P

B+

M0

pfast

Some Constraints

I Neglect everything but spin-0 pomeron exchange

I Concentrate on spin-0 mesons (π0, η)

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 3 / 11



COMPASS

pp → pπ0 p

Simplifying the Process

I target/recoil proton does not
participate in the reaction

I switch to ’target pomeron’

I transform to B+ rest frame

I s-channel proton pomeron scattering

pbeam

pfast

B+

M0

P

ptarget

precoil

P

B+

M0

pfast

Some Constraints

I Neglect everything but spin-0 pomeron exchange

I Concentrate on spin-0 mesons (π0, η)

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 3 / 11



COMPASS

pp → pπ0 p

Simplifying the Process

I target/recoil proton does not
participate in the reaction

I switch to ’target pomeron’

I transform to B+ rest frame

I s-channel proton pomeron scattering

pbeam

pfast

B+

M0

P

ptarget

precoil

P

B+

M0

pfast

Some Constraints

I Neglect everything but spin-0 pomeron exchange

I Concentrate on spin-0 mesons (π0, η)

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 3 / 11



COMPASS

pp → pπ0 p

Simplifying the Process

I target/recoil proton does not
participate in the reaction

I switch to ’target pomeron’

I transform to B+ rest frame

I s-channel proton pomeron scattering

pbeam

pfast

B+

M0

P

ptarget

precoil

P

B+

M0

pfast

Some Constraints

I Neglect everything but spin-0 pomeron exchange

I Concentrate on spin-0 mesons (π0, η)

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 3 / 11



COMPASS

pp → pπ0 p

2-Particle Scattering Amplitudes

Cross Section

dσ

dΩ
(s, θ, ϕ) =

1

64π2s

| #»q i|
| #»q f |
|〈f|T|i〉|2

with

I s = M2
ab = M2

cd

I |i〉 = |qi, θi, φi, λa, λb〉

a
#»q i

b
− #»q i

c#»q f

d − #»q f

θϕ

Partial Wave Decomposition

〈f|T|i〉 = 4π

√
s

qiqf

∞∑
J=0

(2J + 1)D∗J
λiλf

(ϕ, θ, 0)TJ
λaλbλcλd

(s)

with λi = λa − λb and λf = λc − λd
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COMPASS

pp → pπ0 p

Intermezzo: Wigner D-Functions

D∗J
λiλf

(ϕ, θ, 0) = eiλiϕdJ
λiλf

(θ)

I dJ are (mixed) polynomials in sin(θ
2

) and cos(θ
2

)

I J = 1
2

:

d
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2
1
2

1
2

= cos(θ
2

) d
1
2
1
2−

1
2

= sin(θ
2

)

d
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− 1
2

1
2

= − sin(θ
2

) d
1
2

− 1
2−

1
2

= cos(θ
2

)

I J = 3
2

:

d
3
2
1
2

1
2

= 1
2

cos(θ
2

)(3 cos(θ)− 1) d
3
2
1
2−

1
2

= 1
2

sin(θ
2

)(3 cos(θ) + 1)

d
3
2

− 1
2
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= − 1
2

sin(θ
2

)(3 cos(θ) + 1) d
3
2

− 1
2−

1
2

= 1
2

cos(θ
2

)(3 cos(θ)− 1)

I with cos(θ) = cos2(θ
2

)− sin2(θ
2

)
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COMPASS

pp → pπ0 p

2-Particle Scattering Amplitudes

Partial Wave Decomposition

〈f|T|i〉 = 4π

√
s

qiqf

∞∑
J=0

(2J + 1)D∗J
λiλf

(ϕ, θ, 0)TJ
λaλbλcλd

(s)

with λi = λa − λb and λf = λc − λd

For pP→ pπ0:

I λb = λd = 0⇒ λi = λa and λf = λc

I λi,f = ± 1
2

I J = L± 1
2

〈f|T|i〉 = 4π

√
s

qiqf

∞∑
J=0

(2J + 1)D∗J
λiλf

(ϕ, θ, 0)TJ
λiλf

(s)
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COMPASS

pp → pπ0 p

2-Particle Scattering Amplitudes

I unpolarized beam and target⇒ average over initial state spins

I final state spins not measured⇒ sum over final state spins

Full Cross Section

dσ

dΩ
(s, θ, ϕ) =

1

4

1

| #»q f |2
1

2

∑
λi=± 1

2

λf =± 1
2

∣∣∣∣∣
∞∑

J=0

(2J + 1)D∗J
λiλf

(ϕ, θ, 0)TJ
λiλf

(s)

∣∣∣∣∣
2

⇒ Four complex amplitudes for each J
Complicated angular dependence, D∗J

λiλf
not directly available in ROOT
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COMPASS

pp → pπ0 p

Simplification

Ignore the spin of the proton!

I λi = λf = 0

I D∗J
00(ϕ, θ, 0) = PJ(cos(θ)) (Legendre polynomials)

I no ϕ dependence→ integrate over ϕ

I no spin→ J = L

Partial Wave Decomposition

〈f|T|i〉 = 8π2

√
s

qiqf

∞∑
L=0

(2L + 1)fL(s)PL(cos(θ))

I Only one complex amplitude for each L

I Legendre polynomials directly available in ROOT

Tobias Weisrock (JGU Mainz) 7. Oktober 2013 8 / 11



COMPASS

pp → pπ0 p

First Test

I Take squared sum of the first three Legendre polynomials with fixed
amplitudes as test function

I Sample histogram from this function

I Fit histogram

)θcos(
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

0

10

20

30

40

50
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70

310×

Sampling Fit
f0 0.1− 0.8i 0.003− 1.1i
f1 0.9 + 0.2i −1.1 + 0.1i
f2 0.9− 0.5i −1.1− 0.7i

χ2/NDF = 109/94

What went wrong?
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COMPASS

pp → pπ0 p

Barrelet Zeros

I Fit function is square of absolute value: f(z) = |a(z)|2

I a(z) is a sum of Legendre polynomials⇒ polynomial of order L in z = cos(θ)

I a(z) can be written as product of zeros:

a(z) = a0 · (z− z1) · (z− z2) · . . .

where the number of zeros is given by L

I zi are complex numbers (just as the fL)

I f(z) = |a(z)|2 = a(z) · a∗(z)
with a∗(z) = a0 · (z− z∗1 ) · (z− z∗2 ) · . . .

I taking complex conjugate of a zero does not change the fit

⇒ 2L possible solutions

I complex conjugates in zi but more complicated in fL
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COMPASS

pp → pπ0 p

Next Steps

1. Get fit running on real data (in bins of
√

s = M(pπ0))

2. Include acceptance correction

3. Get Barrelet ambiguities under control

4. Switch to description with spin

Interesting analysis based on this method

Coupled channel analysis of

pp −→ pη ps with η → π+π−π0

pp −→ Σ+K0 ps with Σ+ → pπ0, K0 → π+π−

I same final state pπ+π−π0 ps

I poorly known decay channels in PDG
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pp → pπ0 p

BACKUP
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