Neutrino cross-section
measurements in MiniBooNE*

*see plenary MB talk for collab list
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Why measure cross-sections in MiniBooNE?

signal:

@ Internal MB oscillation analysis reasons: -
v,n—e p

- Need v, CCQE measurement to constrain flux

V —_
X XSeC errors \v&

- Need to know v, CCQE and NC 70 absolute VW\E
rates to finalize background predictions in \~ ~)
signal region (shown below)
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Why measure cross-sections in MiniBooNE?

@ Generally needed by all osc
experiments

Flux (a.u.)

- Ve appearance: Mis-identified v,

CCQE and NC ©0 are a common

0.75
problem

- v, disappearance: Non-QE events

can distort E spectrum in region of
osc dip.

05

- See C. Walter talk from NulntQ7

@ The average neutrino energy in MB 9%
is very close to T2K.
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What makes x-sections interesting in MB?

@ Existing world data can be pretty v, CC total cross section world

G.P. Zeller

sparse down at 800 MeV ~12r 4 data

@ The cross-section physics itself is very
interesting

—_

TOTAL | k

o
to

- |low Q2 behavior observed in v, CCQE
and CCrn+ channels

o
o

-= spectral functions, form factors, nuclear
modeling

S
T

- resonant/coherent n0 ratio

o(v,N —> uwX)/E(Gev) (107%® cm?GeVv™’
o
N

-= NC/CC ratio (can obtain As)

@ Interest evident by the presentations
here and at Nulnt, along with the
impressive compendium of current
papers shown in J. Morfin's talk.

= MINOS, NuMlI

K2K, NOVA

= MiniBooNE, T2K
Super-K atmospheric
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Strengths and limitations of MB xsec's

@ Extremely well understood detector @ Statistics (probably our biggest
and cross-section models that have strength)
ggce:iﬁllsagidaa%;i\/sery demanding - double-differential xsec

- detailed 2d kinematics
- Evident in the “out-of-the-box”

agreement in anti-neutrino analyses, = relative xsecs to 5%

i.e. see Van Nguyen's next talk @ Limitations

@ Rigorous systematic error treatment
established in such a way that it can
be applied turn-the-crank to almost

- Not a fine-grained detector (but
now we have SciBooNE, K. Hiraide)

any analysis - Absolute xsec limited by 16% flux
error
TT('_ —
ot e
= %iiw“ 1% >
2 e IR S— ve ||,
FNAL booster Be target and horn 50m decay region

(8 GeV protons) 500m dirt detector
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Where does the flux error come from?

@ OQverall error is about 16.5%

== 15% from Sanford-Wang fit to HARP
production data

- 7% from targeting, horn focusing,
skin depth, secondary interactions

tangle,momentum producing v at MB
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d%a/dpdQ, (mb c/HGeV sr))
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Can the flux error be reduced?

1 @
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In principle, underlying HARP
errors are ~8%

15% error from SW fit arises from
tension in the fit (poor y2)

Have been looking into modified
SW or directly using HARP data via
an interpolation scheme

Will still have an extrapolation
error due to incomplete coverage,
but we might see the flux error
reduced by a few %.

Other approach: work backwards from a known cross-section
-+ Ve—electron elastic scattering (stats are very low, probably nothing here)
- N12 ground state (not ruled out as a possibility)

- Any other suggestions along these lines are welcome
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ldentifying cross-section channels via subevents
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@ Muon capture, charge exchange, and pion absorption can change sub-
w event structure, but in general decay electron tagging helps purity
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event displays:
— size: amount of light
'~ color: detection time

Muons /

Sharp, clear ring
Long, straight tracks

Electrons

Fuzzy rings

Multiple scattering

Radiative processes

Neutral Pions

Double rings

Decays to two photons
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event displays:
- size: amount of light
\ . color: detection time
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Cerenkov vs isotropic

Muons \\

Sharp, clear rings

Ty,
4 : ﬂm i B \
‘V'Y T L\ X

)\ S

Long, straight tracks

/
//
N

/

Electrons

Fuzzy rings

Multiple scattering

Radiative proces

Neutral Pions

Double rings

'[ ] Decays to two photons
Chris Polly, NuFact 2007 13



Neutrino mode (focus ) xsec overview

MNC gt CCINC
ag,  DISNg 4%

NC *MB v interaction MC:
v3 NUANCE code with:
S . - Smith-Moniz Fermi Gas
P - (non-dipole) vector form factors
from Bradford et al
o - Rein-Sehgal resonant/coherent 17t
- Bodek-Yang DIS
N elasic Tﬂi‘;:ﬁ:ﬁ v channel events
all channels 810k
CC quasielastic 340k
Event rates after for ~6 x 1020 POT NC elastic 150k
on tape, after 500cm fiducial volume CC 1 180k
cut, but before other cuts are applied  [cC 1o 30k
NC 1° 48k
NC 1" 27k
CC/NC DIS, multi-rty 35k
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v, CCQE Channel
v, CCQE Q? distribution (hep-ex/0706.0926)

v, CCQE cross section world data

CC v, Quasi—Elastic Cross Section

- ® Serpukov, Belikov, Z. Phys. A320, 625 (1985), Al
~ + BNL, Baker, Phys. Rev. D23, 2499 (1981}, D,
¥ ANL, Barish, Phys, Rev. D16, 3103 (1977), D,
- © FNAL, Kitagoki, Phys, Rev. D28, 436 (1983), D,
O SKAT, Brunner, Z Phys.C45, 551 (1990}, CF,Br

&%)

u
t

Ll - A CERN-WADS5, Allosia, Nucl. Phys, 3343, 285 (1990), D,
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 % GGM, Bonetti, Nuovo Cimento, A3B, 260, (1977), C;H,
2 2 CF,Br

Q" (GeV")

i
th

@ 'Golden channel' for normalizing flux X
xsec in oscillation analysis

o(v,n —>up) (107 cm?)
- tn

0.75

@ “198,000 events, x10 larger than all
past experiments combined”, S. Zeller >
0.25 | o G B 1% ey
@ “Modified Fermi gas allows simulation . ]
of low Q2 for first time”, S. Zeller C ’ 10 10°

E, (GeV)
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v, CCQE Channel

Q2 dlstrlbutlon with M, varlatlon
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data with statistic error

Before correction
(a) (b) (c)

(a) E.=0.4GeV
(b) E,=0.8GeV
(c) E,=1.2GeV
(d) Q*=0.2GeV>
() Q°=0.6GeV>
() Q"=1.0GeV*

1.15

1.05

0.95

M, =1.25 GeV ,k = 1.00
= M} = 125 GeV , x = 1.01 —0.85
nnnnn = M, =1.25 GeV ,k = 1.02
= M, =1.25 GeV ,k =1.03 : .
T MaZ133Gey xz10d 02 04 06 08 1 1.2 14 '
-E After correction
moo} @1 1 || .12
t:' o4 L [ R =R X | TE T oe T g 0.8 —11.15
Q@ (GeV) ° 0.6 .
@ Individual variations of M and x shown T oa
) ] 0.2 1.05
@ “First time we have had the stats to show o
these detailed 2d kinematic plots”, S. Zeller |,
) 0.95
. . . 0.4
@ Sometimes asked how we know tuning did e
not remove a v, disappearance signal? ve 0.85

Answer in the 2d plot before corr, deficiency

0 02 04 06 038 1 12 14 16 18 2

follows constant Q2 contours (not E,)
v T, (GeV)
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A CCpip + v,(p,n)-p (p,n)m
= < | CC t+ Channel [- )
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3000 .. (—-i-(ﬂ
- P.n A p.n)
1000 =
0 1 L | 1 : * |
T R P v, CCrr world data
CC Single Pion Production
16~ Data/MC I‘ ;g = CERN—WAZS, Allasia, Nucl. Phys. B343, 285 (1990), D,
1 4':_ & 2 & ANL, Borish, Phys. Rev,. D19, 2521 (1979), H,, D,
“F £ ¥ 4 3 ¥ ANL, Radecky, Phys. Rev. D25, 1161 (1982), H,, D,
12/ **** * % 4‘**{' oy 75 0 BNL, Kitogoki, Phys, Rev, D34, 2554 (1988), D,
L - O SKAT, Grabosch, Z. Phys, C41, 527 {1989}, CF,Br
1 — & BEBC, Allen, Nucl. Phys. B264, 221 (1986), H,
- & 1.5 | ¢ FNAL, Bell, Phys. Rev. Lett. 41, 1008 (1978), H,
ﬂ‘a?* Q @ ANL, Campbell, Phys. Rev. Lett. 30, 335 (1973), H,
08— ‘3125
0af A |
Er i i ln g biy'y IS PR | Loy oo bovy ool 4y
0 02 04 _ 0.6 [1}:] 1 12 14 16 éJzB(Gevz‘;'_ Q; O(JL [ il * .
“ . . 20.75 5] i * A
@ “71,000 events, also X10 increase in stats 5 bl W a
over all prior experiments”, S. Zeller 0.5 r A
@ See a similar problem in Q2 (along with 0.25  NUANGE v2 (M=1.0 GeV)
other expts)...not unlike v, CCQE oL . )
10 1 10 E, (1(98\/)
@ Impacts osc analysis via bkg contribution to
vy CCQE constraint.
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Fit C.L. =5.97%

@ Most important mis-id background for osc o

analysis...see CP or K. Mahn prior talks for >
description of MC tuning in p, bins £
@ “Able to obtain a 99% pure effective n° =
sample, and extract flux integrated rate o

measurement with an 8.8% error”, S. Zeller

@ “Fit to resonant/coherent fraction yields a
[19.5 + 1.1(stat) £ 2.5(syst)]% coh fraction,
x1.5 lower than Rein-Sehgal’, S. Zeller

/
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v, coherent NC 1 world data

NC Coherent Pion Production Cross Section
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¥ Aachen (NC), Faissner, PL 1258, 230 (1983), Al
O GGM (NC), Isiksal, PRL 52, 1096 (1984), CF,Br
—— NUANCE (Rein—Sehgal)
""" Marteau (hep—ph/9906449)
"""""" Paschos (hep—ph/0309148)
Kopeliovich (hep—ph/0408072)
O
0 0.9 1 1.5 2z 2.5 A 3.b 4
E, (GEV)
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NC elastic

x?‘q-:i:g T T 1 [T T 7 1T 17 7 7 7 7T T T T 71 /\/u(p’n)ﬂvu(p’n)\
5 + NC Elastic Data J Vv \V
o BNLvp — vp Datal v
: z
4 ; Detector Errors : M n
Xsection Errors \_ /
W -_— :
X g 1 B Beam/Flux Errors
2 ; B Tdmit mary’] BNL734 data
L r " (PRD 35, 785, '87): T3
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KE Estimator [GeV] (= Q%/2) g | + ]
§,1-C)40— _ _ B
@ Sample was important to osc analysis because S I Py KK ]
it allowed a fairly clean measurement of OM a T ]
s . » 951 v, p events 1
scintillation amplitudes below the Cerenkov E - H -
threshold 776 v,p events
pad [ NG SRS N B |
“r: . . . 10
@ “First absolute differential cross-section 00 02 04 06 08 10 12

measurement from MiniBooNE”, S. Zeller Q? [(Gev/c)?]
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Anti-neutrino (focus m-) mode

NC CCMNC ~v_CC total cross section world data
3::{;0 D|S.I"N:I'I: 4':'.-"::1 U45 - G.P. Zeller
NC - 2
>
‘5_:) 0.4
CC TI:D MEO.:SS
39, CCQE 5
45% o
cCw 2
17% = .
B
?éo.w
. o
NC slastic MB anti-v events ,l~ 0.1
19% composition 25,05
v channel events =
all channels 54k
CC quasllelastlc 24k @ Can see how sparse the world data is at low Ev
NC elastic 10k
CCtr 8.9k @ Event rates are after 500 cm fiducial volume
CC 1P 1 7K cuts but before otherr cuts
NC 4.9k @ 30% wrong-sign events not included in table
NC 1" 1.8k

CC/NC DIS, multi-rt| 1.9k
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v, CCQE in anti-neutrino mode

: 21.8F
2250 F- M,=1.23 GeV, k=1.019 g MeT123x=1.019
- O -
2000 F P e M,=1.05 GeV, «=1.000 -'5 1.4
= T2k Jf
el st
M 0.8 ¢
1500 | 06 L B 'I‘JrJr
1250 | 0 02 04 06 08 1 12 1.4
g Q% (GeV?)
1000 | % 181
: TP M=1.03,x=1.0
750 | Sher J[ T
5 g 1.4 | + _H_
2001 " T oA | I AN
B ==
20 0.8 & Jr
00 02 04 06 08 1 12 i) SR T T
: 4 0.6 0. » 0 02 04 06 08 1 12 1.4
Q" (GeVY) Q2 (GeV?)

@ Can see that the Q2 behavior agreement is quite good with the same
Fermi gas parameters (no further tuning)
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v, CCQE in anti-neutrino mode
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@ Good agreement in other kinematic variables as well
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Other on-going efforts...

Re-examining systematic errors to see where gains might be still be
had for all of the analyses

Working on developing some more sophisticated reconstructions

- proton fitter (measure hadronic energy via isotropic light)

= CC wn+ fitter (SAA with 2 rings adding to the complication)
- CC =0 fitter (3-ring fitter)

Would be great if any of these fitters gave a better resolution for E,

Several other channels being worked besides what was discussed in
this talk

Working on updating the CC n+ / v, CCQE ratio.

Stay tuned for V. Nguyen who will be updating us next on NC =0
events in anti-neutrino mode...
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