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Workflow

Cuts

1. 51 cm < z <79 cm

2. x2+y2 < 1 cm2

3. 0.01 < CL 


4. -1 <  < 1


5.  < 0.2 GeV
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Fitting
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γ + d → ρ− + p + Nmiss

ρ− → π0 + π−
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Breit-Wigner Convolve with Gaussian
Old Version Simulation: 

1M events

Non-relativistic Breit-Wigner


Fitting function for thrown:





Fitting function for reconstructed:


f(m2π) ∝
1

(m2π − Mρ)2 + Γ2
0/4

F(m2π) ∝ f * G = ∫
∞

−∞
f(m′ 2π)G(m2π − m′ 2π; σ)dm′ 2π
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Breit-Wigner Convolve with Gaussian
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5.8 ≤ Eγ < 11 [GeV]
σ = 0.038 [GeV]



Convolution vs. w/o Convolution
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Review Previous Result
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This plot shows we used 
improper fitting function 
to fit the simulation data 
which produced by BW.


In addition, we did not 
consider the detector 
resolution effect. 



Corrected Simulation

7

GCF Generator

1M Events


crBW specturm
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DSelector

Physical Cut

GCF Generator

1M Events


crBW specturm

Fit Simulation First

Fit Data (fixed simga)

Total

Signal (crBW)

Interference + poly2

previous result

BW simulation

crBW simulation



Nonresonant Contribution
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Acceptance, Efficiency, and Bin Migration
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A × ϵ × CBM =
# accept
# thrown

⋅
# detected
# accept

⋅
# recon

# detected
⋅

# skimmed
# recon



Back Up
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The mass shift is from interference

• 


• 


•  is the pion momentum in the center-of-mass frame, and  for 

dN
dM2π

= A ⋅
ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ B ⋅

2 MρM2πΓρ ⋅ (M2
ρ − M2

2π)

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ poly2

Γρ = (q/q0)3 ⋅ Γ0 ⋅ Mρ/M2π

q q0 Mπ−π0 = Mρ−
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1M Simulation



The mass shift is from interference

• 


• 


•  is the pion momentum in the center-of-mass frame, and  for 

dN
dM2π

= A ⋅
ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ B ⋅

2 MρM2πΓρ ⋅ (M2
ρ − M2

2π)

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ poly2

Γρ = (q/q0)3 ⋅ Γ0 ⋅ Mρ/M2π

q q0 Mπ−π0 = Mρ−
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6M Simulation



Fitting Result
Fitting Function:


Relativistic Breit 
Wigner Distribution + 
poly2


There is an apparent 
mass shift
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Preliminary Cross-section Distribution
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Large Error Bar
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Large Error Bar
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Comparsion
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6M1M



Normalization









dσ
dt

=
Nexp

Δt
×

1
L ⋅ ϵ ⋅ A ⋅ T ⋅ Br

ΔNexp

Δt
= Aexp ⋅ ∫ BW dM

ΔNsim

Δt
= Asim ⋅ ∫ BW dM = Ntot ⋅

( dσ
dt )0

σtot
⋅ ϵ ⋅ A

dσ
dt

=
Aexp ⋅ ∫ BW dM

L ⋅ T ⋅ Br ⋅ Asim ⋅ ∫ BW dM
⋅

Ntot ⋅ ( dσ
dt )0

σtot
=

Aexp

Asim
×

1
L ⋅ T ⋅ Br

⋅
Ntot ⋅ ( dσ

dt )0

σtot
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Normalization



dσ
dt

=
Aexp ⋅ ∫ BW dM

L ⋅ T ⋅ Br ⋅ Asim ⋅ ∫ BW dM
⋅

Ntot ⋅ ( dσ
dt )0

σtot
=

Aexp

Asim
×

1
L ⋅ T ⋅ Br

⋅
Ntot ⋅ ( dσ

dt )0

σtot
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Jackson’s Version


Ntot = 106

(dσ/dt)0
= 1 [nb/GeV2]

σtot = 14.21847 ± 0.00774 [nb]
Lexp = 17960 [nb−1]

Br = Br(π0 → 2γ) ⋅ Br(ρ− → π−π0)
= 98.823% ⋅ 1

My Version


Ntot = 6 × 106

(dσ/dt)0
= 1 [nb/GeV2]

σtot = 14.51334 ± 0.00704 [nb]
Lexp = 17960 [nb−1]

Br = Br(π0 → 2γ) ⋅ Br(ρ− → π−π0)
= 98.823% ⋅ 1



Comparsion
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Nonresonant Contribution






The interference strength |B/A| decreases as high t 

dN
dM2π

= A ⋅
ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ B ⋅

2 MρM2πΓρ ⋅ (M2
ρ − M2

2π)

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ poly2

Γρ = ( q/q0)3 ⋅ Γ0 ⋅ Mρ/M2π
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ZEUS Result
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50 < s < 100 GeV

	 ZEUS Collaboration, “Elastic and proton dissociative ρ0 photoproduction at HERA”, Eur. Phys. J. C 2 (1998) 247 



Non-resonance ππ interfere the signal







When , 

dN
dM2π

= A ⋅
ΓρMρM2π

(M2
ρ − M2

2π) + iMρΓρ
+ B

2

dN
dM2π

= A ⋅
ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
+ B ⋅

ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
⋅

2(M2
ρ − M2

2π)

MρM2πΓρ

M2π → mπ0 + mπ− Γρ → 0

24
Giese, R. (SLAC) Photoproduction of rho Mesons from Hydrogen and Deuterium from 9-GeV to 16-GeV
P.Soding,“On the apparent shift of the ρ meson mass in photoproduction”,Phys.Lett. 19 (1966) 702

A=-B=1

mπ0 + mπ−



Thrown simulation
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Parameters: (A, B, a*)

Total

Signal (rBW)

Interference + poly2

Parameters: (A)

Signal (rBW)

GCF Generator

6M Events

BKG: random trigger

Fixed  mass and widthρ−



Thrown simulation
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Parameters: (A, B, a*)

Total

Signal (BW)

Interference + poly2

Parameters: (A)

Signal (BW)

GCF Generator

6M Events

BKG: random trigger

Fixed  mass and widthρ−



GCF Generator
• It turns out that the generator is using the regular Breit Wigner function.


Next Step 
• switch to phase-space correction relativistic Breit-Wigner function


, 
dN
dM2π

∝
ΓρMρM2π

(M2
ρ − M2

2π)2 + M2
ρΓ2

ρ
Γρ = (q/q0)3 ⋅ Γ0 ⋅ Mρ/M2π
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Previous GlueX Result
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The mass shift is from interference
• We need to consider the interference from non-resonant 


• Have been observed in ALICE, CMS, STAR, etc.


• Several parameterizations of the shape exist


• Soding Model

ππ
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