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MicroBooNE Public Note Updates to the NuMI Flux Simulation at MicroBooNE

1 INTRODUCTION

The NuMI flux prediction [1] being used by all experiments at Fermilab that are sensitive to the

NuMI beam is based on Geant v4.9.2.03 (G4.9) and uses the default FTFP-BERT physics list with

no custom cross sections [2]. In order to correct these predictions to match world data, PPFX, the

Package to Predict the FluX, is used to reweight the flux prediction. In kinematic regions of overlap

between the prediction and data, mainly NA49 measurements are used to correct for various hadron

production processes. Specifically, PPFX looks at the entire ancestry chain of the neutrino, up to

the incident 120 GeV proton beam, and applies corrections for various hadron interactions based

on said data. These corrections are implemented as a function of the Feynman-x (xF ) [3] and

transverse momentum (pT ) of the incident hadron. More details about this can be found in Ref. [4].

Typically, the NuMI neutrino flux prediction is well constrained by the hadron production data

on-axis. However, since MicroBooNE [5] lies far off-axis from the NuMI beam (∼ 8◦), the flux is less

covered by the available hadron production data. Moreover, the beamline geometry simulation

failed to account for the presence of a row of steel shielding blocks (∼ 40m in length) in the NuMI

target hall directly above the beamline. The impact of this bug changes the flux at MicroBooNE by

as much as ∼ 40% in some regions, and is energy dependent.

To address these issues, we have overhauled the NuMI flux simulation by

• Adding the missing shielding blocks

• Updating the Geant version from v4.9.2 to v4.10.4 for the FTFP-BERT physics list

• Updating PPFX to account for this underlying model change

We note that efforts to move to Geant v4.10.4 had also been ongoing at the NOvA experiment, and

related updates to the PPFX package were also being pursued by NOvA and PPFX developers. The

combined effect of all the aforementioned changes are shown below in Figs 1 and 2. Figs 3 and 4

also show comparisons for the summed flux of neutrinos and anti-neutrinos. The correlation matrix

representing the hadron production uncertainties in the new flux model based on updated PPFX

is given below in Fig 5. Finally, Figs 9-Figs 12 in Appendix A show the breakdown of the updated

Geant 4.10.4-based flux prediction for each parent type.
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Figure 1: Comparison of the old flux model (Geant 4.9.2) before bug-fixes to the new flux model (Geant 4.10.4)
with proper inclusion of the steel shielding blocks and updated cross-section and uncertainty treatment. The
left (right) panel shows the νµ (νe ) contribution for Forward Horn Current, or FHC. Ratios are taken with
respect to the newer flux model (blue). Also shown are ±1σ uncertainties of the older flux model to illustrate
the change relative to the previous model’s uncertainties.
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Figure 2: Similar to Fig.1 but for the Reverse Horn Current (RHC) NuMI configuration. Comparison of the old
flux model (Geant 4.9.2) before bug-fixes to the new flux model (Geant 4.10.4) with proper inclusion of the
steel shielding blocks and updated cross-section and uncertainty treatment. The left (right) panel shows the
νµ (νe ) RHC contribution. Ratios are taken with respect to the newer flux model (blue). Also shown are ±1σ
uncertainties of the older flux model to illustrate the change relative to the previous model’s uncertainties.
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Figure 3: Comparison of the old flux model (Geant 4.9.2) before bug-fixes to the new flux model (Geant 4.10.4)
with proper inclusion of the steel shielding blocks and updated cross-section and uncertainty treatment. The
left (right) panel shows the FHC summed contribution from νµ+ ν̄µ (νe + ν̄e ). Ratios are taken with respect
to the newer flux model (blue). Also shown are ±1σ uncertainties of the older flux model to illustrate the
change relative to the previous model’s uncertainties.
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Fi g u r e 4: Si mil ar t o Fi g. 3 b ut f or t h e R e v er s e H or n C urr e nt ( R H C) N u MI c o n fi g ur ati o n. C o m p ari s o n s of t h e

ol d fl u x m o d el ( G e a nt 4. 9. 2 ) b ef or e b u g - fi x e s t o t h e n e w fl u x m o d el (G e a nt 4. 1 0. 4 ) wit h pr o p er i n cl u si o n

of t h e st e el s hi el di n g bl o c k s a n d u p d at e d cr o s s - s e cti o n a n d u n c ert ai nt y tr e at m e nt. T h e l eft (ri g ht) p a n el

s h o w s t h e R H C s u m m e d c o ntri b uti o n fr o m ν µ + ν̄ µ (ν e + ν̄ e ). R ati o s ar e t a k e n wit h r e s p e ct t o t h e n e w er fl u x

m o d el ( bl u e). Al s o s h o w n ar e ± 1 σ u n c ert ai nti e s of t h e ol d er fl u x m o d el t o ill u str at e t h e c h a n g e r el ati v e t o t h e

pr e vi o u s m o d el’s u n c ert ai nti e s.
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2 G E A N T 4. 1 0. 4

A s m e nti o n e d pr e vi o u sl y, t h e w e a k er c o v er a g e of e xt er n al h a dr o n pr o d u cti o n d at a at 8 ◦ off- a xi s

m oti v at e d t h e st u d y i nt o m or e m o d er n G e a nt 4 v er si o n s f or t h e u n d erl yi n g p h y si c s m o d el i n t h e

fl u x si m ul ati o n. T h e F T F P - B E R T p h y si c s li st i n p arti c ul ar u n d er w e nt s u b st a nti al u p d at e s fr o m

G e a nt 4 .9 .2 a n d st a bili z e d ar o u n d 4 .1 0 .2 - 4 .1 0 .3 [ 6 ]. T h e s e u p d at e s i n cl u d e d b e n c h m ar ki n g of t h e

u n d erl yi n g F T F stri n g m o d el t o t h e r el e v a nt h a dr o n pr o d u cti o n d at a s et s fr o m N A 4 9 at 1 5 8 G e V [ 7 ]

[8 ] a n d N A 6 1 at 3 1 G e V [9 ]. T hi s b e n c h m ar ki n g i n cl u d e s t u ni n g of r el e v a nt m o d el p ar a m et er s f or

stri n g f or m ati o n a n d fr a g m e nt ati o n f or hi g h e n er g y i n el a sti c pr o c e s s e s.

I n p arti c ul ar, t h e m o d eli n g of k a o n pr o d u cti o n, w hi c h i s a d o mi n a nt c h a n n el f or t h e Mi cr o B o o N E

fl u x, i s m u c h i m pr o v e d wit h t hi s u p d at e. G e a nt 4 .1 0 .4 al s o i n cl u d e s a b u g fi x t o t h e k a o n r e -

i nt er a cti o n cr o s s - s e cti o n ( w hi c h w a s fir st i m pl e m e nt e d i n G e a nt 4 .1 0 .3 p 0 3, al s o s e e 2. 2 ). M or e o v er,

b e y o n d G e a nt 4 .1 0 .4, t h e u p d at e s t o t h e p h y si c s li st d o n ot s h o w cl e ar i m pr o v e m e nt wit h r e s p e ct

t o e xt er n al h a dr o n pr o d u cti o n d at a s et s. T hi s i s ill u str at e d i n fi g ur e 6 b el o w f or b ot h π + a n d K +

pr o d u cti o n at i n ci d e nt pr ot o n e n er gi e s of 1 2 0 G e V. W hil e 4 .1 0 .4 s h o w s a m ar k e d i m pr o v e m e nt wit h

r e s p e ct t o t h e ol d er 4 .9 .2, e s p e ci all y i n t h e K + pr o d u cti o n c h a n n el, t h e s a m e c a n n ot b e s ai d of

4. 1 1. 1. M or e d et ail s al o n g wit h f urt h er c o m p ari s o n s ar e n ot e d i n [ 1 0 ].
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Fi g u r e 6: C o m p ari s o n of pr o d u cti o n cr o s s - s e cti o n s f or v ari o u s G e a nt v er si o n s fr o m e xi sti n g 4 .9 .2 (r e d) t o

t h e c h o s e n v er si o n 4.1 0 .4 ( gr e e n) al o n g wit h v er si o n 4 .1 1 .1 ( bl u e) wit h t h e N A 4 9 m e a s ur e m e nt f or t h e π +

pr o d u cti o n c h a n n el (l eft) a n d K + pr o d u cti o n c h a n n el (ri g ht). T h e cr o s s - s e cti o n s ar e r e p ort e d a s a f u n cti o n

of t h e F e y n m a n- x o b s er v a bl e. T h e N A 4 9 r e p ort e d cr o s s - s e cti o n s ar e al s o e xtr a p ol at e d fr o m 1 5 8 G e V d o w n t o

1 2 0 G e V u si n g F L U K A [ 1 1 ] a c c o u nt f or t h e s c ali n g vi ol ati o n, si mil ar t o t h e a s s u m pti o n i n P P F X . H o w e v er, t h e

s c ali n g vi ol ati o n fr o m 1 5 8 → 1 2 0 G e V i s f airl y s m all ( ∼ 2 %)

B uil di n g o n e xi sti n g eff ort s b y N O v A t o u p d at e t h e G e a nt v er si o n, w e h a v e t h er ef or e f ull y u p d at e d

o ur si m ul ati o n t o 4 .1 0 .4. T hi s al s o e n s ur e s a m or e c o h er e nt d e v el o p m e nt p at h f or all e x p eri m e nt s

u si n g t h e N u MI b e a mli n e.
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2. 1 U p d ati n g P P F X

B e y o n d t h e c e ntr al v al u e pr e di cti o n, w e’ v e al s o u p d at e d t h e N u MI h a dr o n pr o d u cti o n u n c ert ai nti e s

t o a c c o u nt f or c ert ai n i s s u e s wit hi n P P F X

• Fir st, w e i n c or p or at e a b u g- fi x i m pl e m e nt e d b y I C A R U S i n t h e c al c ul ati o n of x F , i n v ol vi n g

i nt er a cti o n s wit h a n i n ci d e nt m e s o n.

• W e al s o i m pl e m e nt a d diti o n al u n c ert ai nti e s at n e g ati v e F e y n m a n - x ( x F < 0) f or i n ci d e nt n u -

cl e o n s ( eit h er pr ot o n or n e utr o n) t h at i nt er a ct wit h n o n - C ar b o n n u cl ei wit hi n t h e b e a mli n e

a n d ar e n’t c o n str ai n e d b y e xt er n al h a dr o n pr o d u cti o n d at a. T h e s e i nt er a cti o n s pr e vi o u sl y

w er e n ot a s si g n e d a n y u n c ert ai nti e s wit hi n t h e P P F X fr a m e w or k. T hi s i s a n i m p ort a nt c at e -

g or y of i nt er a cti o n s f or t h e fl u x at Mi cr o B o o N E’s off- a xi s a n gl e. T h e u n c ert ai nti e s f or s u c h

i nt er a cti o n s ar e at t h e l e v el of ∼ 4 0 % a cr o s s bi n s of x F .

P P F X h a s al s o b e e n u p d at e d t o h a n dl e t h e n e w G e a nt v er si o n, si n c e it pr e vi o u sl y u s e d cr o s s- s e cti o n s

fr o m 4.9 .2 t o d eri v e t h e a p pr o pri at e w ei g ht s. T h e u p d at e s i n cl u d e r e c o m p uti n g cr o s s - s e cti o n s

a n d yi el d s f or h a dr o n pr o d u cti o n, i n v ol vi n g ( π ± ,K ± ,K 0
L , p ,n ) a s w ell a s t h e c orr e cti o n s f or p arti cl e

pr o p a g ati o n al o n g t h e t ar g et a n d t h e r e st of t h e b e a mli n e g e o m etr y. T h e u p d at e s t o P P F X w er e

v ali d at e d b y c h e c ki n g t h e n e w fl u x pr e di cti o n at a n o n - a xi s l o c ati o n. F or a n o n- a xi s fl u x, t h e

c o v er a g e of e xt er n al h a dr o n pr o d u cti o n d at a u s e d wit hi n P P F X i s v er y g o o d, i. e. a l ar g e p orti o n

of t h e fl u x i s c o n str ai n e d b y N A 4 9 a n d si mil ar d at a s et s. W e t h er ef or e e x p e ct t h e u p d at e d fl u x

pr e di cti o n t o b e c o n si st e nt wit h t h e pr e vi o u s fl u x pr e di cti o n, aft er r e w ei g hti n g b y P P F X. T hi s i s

s h o w n i n Fi g 7 . T h e diff er e n c e i n i nt e gr at e d fl u x fr o m ( 2,2 0) G e V g oi n g fr o m t h e ol d er G e a nt 4 - b a s e d

m o d el t o t h e n e w er G e a nt 4 - b a s e d m o d el i s < 3 %.
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Fi g u r e 7: C o m p ari s o n of t h e n e w fl u x m o d el ( G e a nt 4. 1 0. 4 ), i n cl u di n g t h e s hi el di n g bl o c k s a n d u p d at e d

cr o s s - s e cti o n s a n d u n c ert ai nti e s, t o t h e ol d fl u x m o d el ( G e a nt 4. 9. 2 ). T h e b a s e G e a nt 4. 1 0. 4 pr e di cti o n

wit h o ut P P F X c o n str ai nt s ar e al s o s h o w n i n r e d. T h e r ati o s ar e t a k e n wit h r e s p e ct t o t h e pr e vi o u s fl u x m o d el.
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2. 2 B N B V ali d ati o n

Mi cr o B o o N E’s pri m ar y o n- a xi s b e a m i s c all e d t h e B o o st er N e utri n o B e a m ( B N B). It u s e s a n i n ci d e nt

pr ot o n b e a m at 8 G e V i m pi n gi n g o n a b er ylli u m t ar g et. D et ail s of t h e B N B fl u x si m ul ati o n ar e gi v e n

i n [1 2 ]. Alt h o u g h t h e fl u x si m ul ati o n u s e s a n ol d er v er si o n, G e a nt 4. 8. 1 , m o st of t h e cr o s s s e cti o n s

u s e d i n t h e si m ul ati o n of t h e b e a m ar e c u st o m a n d t h er ef or e h a v e a w e a k er d e p e n d e n c e o n t h e

c h oi c e of G e a nt v er si o n. T h e B N B fl u x al s o a p pli e s c o n str ai nt s t o h a dr o n pr o d u cti o n fr o m v ari o u s

e xt er n al d at a s et s, i n cl u di n g f or π + a n d K + pr o d u cti o n.

N o n et h el e s s, si mil ar t o t h e pr e vi o u s v ali d ati o n, o n e c a n c h e c k t h e eff e ct of u p d ati n g t h e u n d erl yi n g

G e a nt m o d el t o v er si o n 4 .1 0 .3 p 0 3. O n e of t h e n ot a bl e f e at ur e s i n t h e u p d at e d G e a nt v er si o n i s

a c h a n g e fr o m u si n g G ei s h a r o uti n e s t o t h e Gl a u b er- Gri b o v m et h o d f or v ari o u s r e -i nt er a cti o n

cr o s s - s e cti o n s. V er si o n 4 .1 0 .3 p 0 3 al s o i n cl u d e d a b u g fi x t o t h e Gl a u b er- Gri b o v c al c ul ati o n f or

i n el a sti c k a o n i nt er a cti o n s [1 3 ]. T h e o nl y p art of t h e B N B fl u x si m ul ati o n w hi c h i s n ot c u st o m i s

r el at e d t o k a o n i nt er a cti o n s, b ot h el a sti c a n d i n el a sti c. Fi g 8 s h o w s t h at n eit h er of t h e s e c h a n g e s,

i. e. wit h a n d wit h o ut t h e k a o n r e -i nt er a cti o n b u g- fi x, or u p d ati n g t h e G e a nt 4 v er si o n, h a v e a n y

i m p a ct o n t h e fl u x pr e di cti o n b e y o n d E ν > 0 .2 G e V a n d ar e w ell wit hi n e xi sti n g fl u x u n c ert ai nti e s.

T h er ef or e, f or t h e c urr e nt Mi cr o B o o N E fl u x si m ul ati o n, t h e e xi sti n g B N B m o d el i s k e pt u n c h a n g e d.

0 0. 5 1 1. 5 2 2. 5 3

N e utri n o E n er g y ( G e V)

5

1 0

1 5

2 0

2 5

3 0

3 5

1 2−1 0×

2
/ 

P
O

T 
/ 

5
0 

M
e

V 
/ 

c
m

ν

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

µνB N B 

G e a nt 4. 8. 1 ( offi ci al B N B M C)

G e a nt 4. 1 0. 3 ( wit h o ut k a o n fi x)

G e a nt 4. 1 0. 3 ( wit h k a o n fi x)

0 0. 5 1 1. 5 2 2. 5 3

N e utri n o E n er g y ( G e V)

0. 6

0. 8

1

1. 2

1. 4

R
ati

o

 Fl u x U n c ert ai nt yσ1-

( a) ν µ Fl u x

0 0. 5 1 1. 5 2 2. 5 3

N e utri n o E n er g y ( G e V)

0. 0 2

0. 0 4

0. 0 6

0. 0 8

0. 1

0. 1 2

0. 1 4

0. 1 6

0. 1 8

0. 2

1 2−1 0×

2
/ 

P
O

T 
/ 

5
0 

M
e

V 
/ 

c
m

ν

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

eνB N B 

G e a nt 4. 8. 1 ( offi ci al B N B M C)

G e a nt 4. 1 0. 3 ( wit h o ut k a o n fi x)

G e a nt 4. 1 0. 3 ( wit h k a o n fi x)

0 0. 5 1 1. 5 2 2. 5 3

N e utri n o E n er g y ( G e V)

0. 6

0. 8

1

1. 2

1. 4

R
ati

o

 Fl u x U n c ert ai nt yσ1-

( b) ν e Fl u x

Fi g u r e 8: C o m p ari s o n of v ari o u s G e a nt 4 b a s e d fl u x pr e di cti o n s f or t h e B N B wit h t h e m ar k er s r e pr e s e nti n g

e xi sti n g B N B fl u x si m ul ati o n b a s e d o n v er si o n 4 .8 .1, r e d a n d bl u e r e pr e s e nti n g t h e n e w er G e a nt v er si o n

4 .1 0 .3. Al s o s h o w n ar e ± 1 σ u n c ert ai nti e s fr o m t h e 4 .8 .1 - b a s e d fl u x m o d el. A n y c h a n g e s t o t h e B N B fl u x

pr e di cti o n d u e t o diff er e nt G e a nt v er si o n s ar e w ell wit hi n t h e a s si g n e d fl u x u n c ert ai nti e s. T h e Mi cr o B o o N E

B N B fl u x si m ul ati o n i s k e pt u n c h a n g e d fr o m t h e 4. 8. 1 - b a s e d m o d el.

P a g e 1 0 of 1 3



Mi cr o B o o N E P u bli c N ot e U p d at e s t o t h e N u MI Fl u x Si m ul ati o n at Mi cr o B o o N E

3 A C K N O W L E D G E M E N T S

T hi s d o c u m e nt w a s pr e p ar e d b y Mi cr o B o o N E u si n g t h e r e s o ur c e s of t h e F er mi N ati o n al A c c el er at or

L a b or at or y ( F er mil a b), a U. S. D e p art m e nt of E n er g y, Of fi c e of S ci e n c e, Of fi c e of Hi g h E n er g y P h y si c s

H E P U s er F a cilit y. F er mil a b i s m a n a g e d b y F er mi R e s e ar c h Alli a n c e, L L C ( F R A), a cti n g u n d er

C o ntr a ct N o. D E - A C 0 2 - 0 7 C H 1 1 3 5 9.

A N U M I F L U X B R E A K D O W N

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

71 0

8
1 0

9
1 0

1 0
1 0

1 11 02
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 F H Cµν

 > 6 0 M e VνE

T ot al Fl u x

 ( 7 4. 7 %)+π

 ( 0 %)-π

 ( 2 1. 1 %)
+

K

 ( 0 %)
-

K

 ( 3. 5 2 %)+µ

 ( 0 %)-µ

 ( 0. 6 2 1 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( a) ν µ F H C

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

5
1 0

6
1 0

71 0

8
1 0

9
1 0

1 0
1 0

1 11 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 F H Ceν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 0 %)-π

 ( 5 7. 4 %)
+

K

 ( 0 %)
-

K

 ( 0 %)+µ

 ( 9. 1 2 %)-µ

 ( 3 3. 5 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( b) ν e F H C

Fi g u r e 9: U p d at e d G e a nt 4 .1 0 .4 - b a s e d fl u x pr e di cti o n f or F H C, br o k e n d o w n b y p ar e nt f or ν µ a n d ν e . A 6 0

M e V t hr e s h ol d h a s b e e n i n cl u d e d i n t h e p er c e nt a g e s s h o w n t o a v oi d t h e fl u x fr o m m u o n d e c a y d o mi n ati n g

t h e s e n u m b er s.

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

71 0

8
1 0

9
1 0

1 0
1 0

1 11 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 F H Cµν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 8 8. 6 %)-π

 ( 0 %)
+

K

 ( 9. 7 3 %)
-

K

 ( 0 %)+µ

 ( 0. 4 7 %)-µ

 ( 1. 1 7 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( a) ν̄ µ F H C

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

5
1 0

6
1 0

71 0

8
1 0

9
1 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 F H Ceν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 0 %)-π

 ( 0 %)
+

K

 ( 2 8. 1 %)
-

K

 ( 5. 6 2 %)+µ

 ( 0 %)-µ

 ( 6 6. 3 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( b) ν̄ e F H C

Fi g u r e 1 0: U p d at e d G e a nt 4 .1 0 .4 - b a s e d fl u x pr e di cti o n f or F H C, br o k e n d o w n b y p ar e nt f or ν̄ µ a n d ν̄ e . A 6 0

M e V t hr e s h ol d h a s b e e n i n cl u d e d i n t h e p er c e nt a g e s s h o w n t o a v oi d t h e fl u x fr o m m u o n d e c a y d o mi n ati n g

t h e s e n u m b er s.

P a g e 1 1 of 1 3



Mi cr o B o o N E P u bli c N ot e U p d at e s t o t h e N u MI Fl u x Si m ul ati o n at Mi cr o B o o N E

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

71 0

8
1 0

9
1 0

1 0
1 0

1 11 02
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 R H Cµν

 > 6 0 M e VνE

T ot al Fl u x

 ( 6 8. 2 %)+π

 ( 0 %)-π

 ( 2 1. 8 %)
+

K

 ( 0 %)
-

K

 ( 9. 0 8 %)+µ

 ( 0 %)-µ

 ( 0. 8 9 6 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( a) ν µ R H C

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

5
1 0

6
1 0

71 0

8
1 0

9
1 0

1 0
1 0

1 11 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 R H Ceν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 0 %)-π

 ( 5 3 %)
+

K

 ( 0 %)
-

K

 ( 0 %)+µ

 ( 3. 9 4 %)-µ

 ( 4 3 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( b) ν e R H C

Fi g u r e 1 1: U p d at e d G e a nt 4 .1 0 .4 - b a s e d fl u x pr e di cti o n f or R H C, br o k e n d o w n b y p ar e nt f or ν µ a n d ν e . A 6 0

M e V t hr e s h ol d h a s b e e n i n cl u d e d i n t h e p er c e nt a g e s s h o w n t o a v oi d t h e fl u x fr o m m u o n d e c a y d o mi n ati n g

t h e s e n u m b er s.

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

71 0

8
1 0

9
1 0

1 0
1 0

1 11 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 R H Cµν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 8 9 %)-π

 ( 0 %)
+

K

 ( 1 0. 2 %)
-

K

 ( 0 %)+µ

 ( 0. 0 9 8 %)-µ

 ( 0. 7 4 7 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( a) ν̄ µ R H C

0 0. 5 1 1. 5 2 2. 5 3 3. 5 4 4. 5 5
N e utri n o E n er g y ( G e V)

5
1 0

6
1 0

71 0

8
1 0

9
1 0

1 0
1 0

2
 

P
O

T 
/ 

2
5 

M
e

V 
/ 

c
m

2
0

 
1
0

×
 /
 
6 

ν

 R H Ceν

 > 6 0 M e VνE

T ot al Fl u x

 ( 0 %)+π

 ( 0 %)-π

 ( 0 %)
+

K

 ( 3 5. 4 %)
-

K

 ( 1 3. 1 %)+µ

 ( 0 %)-µ

 ( 5 1. 5 %)L

0
K

Mi cr o B o o N E Si m ul ati o n, Pr eli mi n ar y

( b) ν̄ e R H C

Fi g u r e 1 2: U p d at e d G e a nt 4 .1 0 .4 - b a s e d fl u x pr e di cti o n f or R H C, br o k e n d o w n b y p ar e nt f or ν̄ µ a n d ν̄ e . A 6 0

M e V t hr e s h ol d h a s b e e n i n cl u d e d i n t h e p er c e nt a g e s s h o w n t o a v oi d t h e fl u x fr o m m u o n d e c a y d o mi n ati n g

t h e s e n u m b er s.

P a g e 1 2 of 1 3



MicroBooNE Public Note Updates to the NuMI Flux Simulation at MicroBooNE

REFERENCES

[1] P. Adamson et al. The NuMI Neutrino Beam. Nucl. Instrum. Meth. A, 806:279–306, 2016.

[2] S. Agostinelli et al. GEANT4–a simulation toolkit. Nucl. Instrum. Meth. A, 506:250–303, 2003.

[3] Richard P. Feynman. Very high-energy collisions of hadrons. Phys. Rev. Lett., 23:1415–1417,

1969.

[4] L. Aliaga et al. Neutrino Flux Predictions for the NuMI Beam. Phys. Rev. D, 94(9):092005, 2016.

[Addendum: Phys.Rev.D 95, 039903 (2017)].

[5] R. Acciarri et al. Design and Construction of the MicroBooNE Detector. JINST, 12(02):P02017,

2017.

[6] J. Yarba et al. Summary of Geant4 Hadronic Models Evolution from Release 9.6.p04 through

10.2.p02. https://cdcvs.fnal.gov/redmine/projects/g4/wiki/EvolutionHadModels
-96-through-103b01.

[7] C. Alt et al. Inclusive production of charged pions in p+C collisions at 158-GeV/c beam

momentum. Eur. Phys. J. C, 49:897–917, 2007.

[8] G. M. Tinti. Sterile neutrino oscillations in MINOS and hadron production in pC collisions,

2023. PhD Thesis, University of Oxford.

[9] N. Abgrall et al. Measurements of π± , K ± , K 0
S , Λ and proton production in proton–carbon

interactions at 31 GeV/c with the NA61/SHINE spectrometer at the CERN SPS. Eur. Phys. J. C,

76(2):84, 2016.

[10] J. Yarba et al. Geant4 Hadronic Models Evolution from Release 10.4.x onwards. https://cdcv
s.fnal.gov/redmine/projects/g4/wiki/Evolution-Geant4-HadModels-from-104x.

[11] Alfredo Ferrari, Paola R. Sala, Alberto Fasso, and Johannes Ranft. FLUKA: A multi-particle

transport code (Program version 2005). 10 2005.

[12] A. A. Aguilar-Arevalo et al. The Neutrino Flux Prediction at MiniBooNE. Phys. Rev. D, 79:072002,

2009.

[13] A. Higuera. Kaons in GEANT4. https://indico.fnal.gov/event/16852/contributions/
40256/attachments/25010/31128/g4_higuera.pdf.

Page 13 of 13

https://cdcvs.fnal.gov/redmine/projects/g4/wiki/EvolutionHadModels-96-through-103b01
https://cdcvs.fnal.gov/redmine/projects/g4/wiki/EvolutionHadModels-96-through-103b01
https://cdcvs.fnal.gov/redmine/projects/g4/wiki/Evolution-Geant4-HadModels-from-104x
https://cdcvs.fnal.gov/redmine/projects/g4/wiki/Evolution-Geant4-HadModels-from-104x
https://indico.fnal.gov/event/16852/contributions/40256/attachments/25010/31128/g4_higuera.pdf
https://indico.fnal.gov/event/16852/contributions/40256/attachments/25010/31128/g4_higuera.pdf

	Introduction
	Geant 4.10.4
	Updating PPFX
	BNB Validation

	Acknowledgements
	NuMI Flux Breakdown

