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The Booster Neutrino Beam Production

8 GeV protons
LMC
?
s ,.”.+ E,_.—— by
g 11 Ve
Magnetic Decay
focusing horn region Absorber 43?nm

* MiniBooNE experiment has a 71 cm long beryllium target.

Motivation for long targets data

2cm Be 71 cm Be

BNB Monte Carlo

* Better to check HARP pion production data on 20.0 cm and 40.0 cm Be

targets
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p2 and p4 momentum reconstructions

Calorimeter
/

Bending Cerenkov TOEW
magnet detector
X-axis \
- FTP —
B ,/ —
/4 | Z - axis it
ta I’g et Ch:: renkov
b \ Spectrometer magnet Wy
NDC1 NDC2 i Target ITOMTRCHRPC z
Beam chambers
Back plane Trigger+Halo counters /lm
VERTEX 2 tracks ( p2 momentum): va - track Down segment hit :
connect down segment hit to the x A NDC?2 or back plane
plane z = 0 at the center of the target. \ (”dC3’h ndc4, ndcs)
This is called “vertex2 -algorithm”. Interaction or bot
Vertex2 tracks are correlated with the
center plane of the target. v2 - track
>
Z
VERTEX 4 tracks (p4 momentum): Lot B—
connect down segment hit to a 3D

segment of NDC1 chamber. This is called
“vertexg4-algorithm”.

06/08/2015

Z=0 NDC1 NDC2 + Back-plane

New Perspectives 2015 : FNAL (June 8-9) 3



Next:

Thin target pi+ production cross section measurements
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Best fitted Be5 cross section comparison :
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Where SW thesis : MiniBooNE flux PRD (Ref :A. A. Aguilar-Arevalo, et al., The Neutrino Flux prediction at MiniBooNE, Phys.Rev. D79
(2009) 072002)



Fitting HARP data with two Sanford Wang models

1. Sanford-Wang model (SW:thesis):
d?c
— . m%2 —
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g(pa 9) = C3- % +669 (p— C7 - PB . cos“® 9)
B

b

—) e_g(pag)

PB — Cg

Beam momentum = p_beam = 8.89 GeV/c

Data : Fitting Bes p2 and E9i10 (SW thesis)

c1=220.7; ¢2 =1.080;¢c3 =1.0; ¢4 =1.978; ¢c5 =
1.320; ¢6 = 5.572; ¢7 = 0.08678; ¢8 = 9.686;
c9 = 1.0;

Ref : A. A. Aguilar-Arevalo, et al., The Neutrino

Flux prediction at MiniBooNE, Phys.Rev. D79
(2009) 072002

2, Extended SW model (ESW):

d?o P
(p,0) =exp[A]p=(1 — ——)
dpd{? "
% {1 4 )PP heam=os0)
dain
Where
c4
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beam

Ref: M. G. Catanesi et al. [HARP Collaboration],
ar}gi%l%%-leg/ 0702024
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Data :Bes p2-data (ESW:p2)

c1=5.13;¢c2=1.87; ¢3 =6.67;c4 =c5 =1.56;
c6 = 11.9; ¢7 =0.173; ¢c8 =19.8; c9 = 16.0;

Ref: M. G. Catanesi et al. [HARP Collaboration],
arXiv:hep-ex/0702024

Data :Be5 p4-data (ESW:p4)

C1=5.39;C2=2.30;C3 =7.19C4 =C5 =1.17
C6 =11.2; C7=0.191; C8 = 18.4; C9 = 13.2
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Best fitted Be5 cross section comparison :

d’c™ / (dp dQ ) ( mb/(GeV/c sr))

d?o™ / (dp dQ ) ( mb/(GeV/c sr))

Be5 : 30-60 (mrad)

30-60 (mrad)

L oy —e—Data : p4
200—|1 = -~ Data : p2
IRié ‘ 8g,, = 45 mrad
+ — ESW: p4
s D (b ESW: p2
1 SOTJF ------- Thesis SW
100~ 0 =T
50-
;_LA_A_A_A_l_A_A_‘_J_‘_\\\\\\\u\uwuw__
1 2 3 4 5 6
p (GeV/c)
Be5 : 120-150 (mrad)
I 120-150 (mrad)
200 —— Data : p4
- Data : p2
8y = 135 mrad
150 T — ESW: p4
i 2 UL ESW: p2
IR A | e Thesis SW
100
501
T\|\|\|\|\\\\\\\\\\\| T ,
U R T Y B

p (GeV/c)

d’c™ / (dp dQ ) ( mb/(GeV/c sr))

d?o™ / (dp dQ ) ( mb/(GeV/c sr) )

200

100

(0)]
o

—h —

200

150

100

50

1504

Be5 : 60-90 (mrad)

I 60-90 (mrad)
—e—Data : p4
Data : p2
gy, = 75 mrad
— ESW: p4

ESW: p2

Thesis SW

‘_l__l_\,\‘\\\\‘\\\l‘l\l

Z 3 4 5 6
p (GeV/c)

Be5 : 150-180 (mrad)

I 150-180 (mrad)
—e— Data : p4
Data : p2
85, = 165 mrad
— ESW: p4
ESW: p2
Thesis SW

........

L1 ,
1 2 3 4 5 6
p (GeV/c)

d?c™ / (dp dQ ) ( mb/(GeV/c sr) )

d?o™ / (dp dQ ) ( mb/(GeV/c sr))

Be5 : 90-120 (mrad)

200}

90-120 (mrad)

—e— Data : p4
JN 0 e Data : p2
Voo 05y = 105 mrad
] o .".l —_— ESW p4
1505 "’\" ..... ESW: p2
= BN SR Thesis SW
100~ '
500 e
J__J_J_L‘I‘I\I\‘\\\\‘\\I\l\'|'- m—y
09273 4 5 6
p (GeV/c)
Be5 : 180-210 (mrad)
| 180-210 (mrad)
ZOO_JII I —o— Data : p4
_+_ -&- Data : p2
" i 8, = 195 mrad
150 \ — ESW: p4
N e ESW: p2
-..‘ ------- Thesis SW
100
501
T [T A R S A AR = |
4273 a4 5 6
p (GeV/c)

Where SW thesis : MiniBooNE flux PRD (Ref :A. A. Aguilar-Arevalo, et al., The Neutrino Flux prediction at MiniBooNE, Phys.Rev. D79
(2009) 072002)



Next:

Long targets pi+ production yield measurements
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Data - BooNE MC comparison : MB50 (20 cm) pi+ yield

MB50: 30-60 (mrad) MB50: 60-90 (mrad) MB50: 90-120 (mrad)
; Il g é I g .
@ 045 Ly ! Yield: 30-60 (mrad) & g4qd | Yield: 60-90 (mrad) u 045 Yield: 90-120 (mrad)
H Eagy —e— Data:p4 L 1 hag —e— Data:p4 L H '$+‘ —e— Data:p4
035} | ﬁﬁ_‘ﬂ%g+ I — MCboon: ESW p4 % 0352' l%-E-’ L;[I-+ A MCbcun: ESW p4 % 0 35: B :‘;.I —A= MCboon: ESW p4
:|,' ! H;-+- T MGyt ESW P2 9: 0 3§;‘|" PR e MGy, ESW p2 9: 0 33"‘ e 5 e MCypr ESW p2
0.3} | ! & wemn MCypy thesis N ']zg wnns MCyyort thesis S - i “mns MCyyt thesis
0.25* 'LF, 5025 ! 5025 ,7%
- | 3 : 3 - k-
u 1 _ F oL
o 02 Tt 5 02 g 02
<0150 —0.15- ~0.15 -
: . R 2 01 Lﬂ_
r I I Z O1f Z 01—_
0 05:, - 0.05;— 0_05;
:1 Sl b e OE_I_A_I_A_I_‘_I_A_I_ OE_ﬂ_A_A_A_A_LA_ L
1 2 3 4 5 6 1 2 1 4
p (GeV/c) p (GeV/c)
MBS50: 120-150 (mrad) MB50: 150-180 (mrad) MB50: 180-210 (mrad)
E _— 05 —_ E
0.45¢ Yield: 120-150 (mrad % ield: 150- % 0 acd —_
H | (mrad) g I Yield: 150-180 (mrad) g 0.45K Yield: 180-210 (mrad)
0.41 —+- Data:p4 < —e— Data:p4 = 8 —— Data:p4
(D o r'#{* —k— MCboon: ESW p4 % 04_] I —k— MCbcon: ESW p4 % 043- —h— Mcboon: ESW p4
£0.35 gﬂy,z%]l i MGy ESW p2 o) g e MG,y ,,: ESW p2 S 0.3501 | i MCyp: ESW p2
Eooofs S MG, thesis — . - . i — Fk I . i
— 03? I.‘;.‘,‘éy\gl | : 03?@: : I MCqqq: thesis : 03;;;!.% MGy, thesis
g 0.250 *gl | g V% 3
0.2 8 02 T -
0-15¢ 3l =0 vg& -
0.1 Z o1 Z 3
0.05F e T co % 3 "
O\: Lo b b T\--lmm OT TR R AR AR A R IHTW - - O\E [ B A %%—g& .
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

p (GeV/c) p (GeV/c) p (GeV/c)
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Data - BooNE MC comparison : MB100 (40 cm) pi+ yield
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Extrapolation from thin to thick:

DATA MC SN 2 5o\ 2
_ 4 rlDD%Jk_J 0—5%-)\] ’ 57} — n ﬂ _|_ é_J
M5%A—100%Ar — UN E N E o
O5%A; IN100%A data,MC data, M C

1/2

Woss }DATA | { — }M ¢ e Expected ratio for good extrapolation ~ 1.0

TIS%A—50%A; = {

O5%A; Nsowa,

» Here we use HARP data and Beamline Boone

MC predictions.
Nioovia; e Nsowa, o
MN50%A—100%A; = {—i TSD%J-.; } : {—Nlﬂﬂ%)-.; }
ESW - p4 SW - Thesis
Bes5->MB50 0.97 +/-0.02 1.05 +/- 0.02
Be5->MB100 0.96 +/- 0.02 1.03 +/- 0.02
MB50->MB100O 0.99 +/- 0.02 0.98 +/- 0.02
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Short Summary

« ESW:p4 model prediction is in a good agreement with all targets p4
data measurements.

» Extrapolation study shows that the MiniBooNE MC is doing a good
job of modeling secondary particle interactions.

« Work will reduce the systematic errors on extrapolation to 71 cm
long Be target.

Thank you !
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Overview of Harp apparatus
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Correlation of p2 and p4 momentum with the target length
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