
!"#$%#&#$%#"'()*((+,-
./-%0'#0&#-

.1&21'-3('-&142'#&(-5678#"8-
9#':#&#0-;1"6-



*10<=#&1->?1'?#1@-

%#"'(*((+,-

A-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

!"#$%&%%'()
*+,+#,%$)



*((821'-+142'#&(-*10<-K31@-L120#=8M-

D-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

-
•  -"."/0$)12()03)1-'4)

•  56.276!+8))9))7:;.2<66!+8)

•  !)-0.+)%3#"//0=%>)?$%@)!)!+)(A#+33)

)

•  -"."/0$),%)!">"&%%'()!)1%B)+>+$CD)
(A#+33)

)

•  4"E+$+>,)3D3,+.0=#3)

–  (F+>,)3"C>0,G$+3)
–  &0#HC$%G>*3)



!"#*((+,-L121"2('-KCFF-<-3'(<-20':12M-

N-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

•  5'1"#81-<1084'1<1&2-(3-&142'#&(-"'(88-81"J(&8-
•  3('-3424'1-(8"#==0J(&-1OP1'#<1&28-
•  %#&#*((+,-&10'-L121"2('- !"#*0'Q-

G4==-0"J?1-8"#&J==02('-2'0"R1'-
KSCNFFF-82'#P8-)-TUV-P=0&18M-
+142'#&(-;0':12-

G#L4"#0=-?(=4<1Q-SCF-2(&8-
%0#&-"(<P(&1&2Q-.W--

,=1"2'(&-.02"61'-K,.M-
!P0:61X -27P1-"0=('#<121'-

%4(&-Y0&:1-Z121"2('-K%YZM-
!211=-0&L-8"#&J==02('-80&L@#"6-
%1084'1-<4(&-<(<1&24<-
3'(<-#28-'0&:1-

N<-



[-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



50'J"=1-\Z-#&-!"#*((+,-K]&1-:'0#&1L-L12/M-

^-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

•  Y1_1"2-18"0P#&:-<4(&8-

•  !0<P=1-481LQ-
•  !"#*0')82(PP1L-
•  %YZ)82(PP1L-

-

•  *(26-!"#*((+,-0&L-%#&#*((+,-'1=7-(&-
<4(&-3('-1?1&2-0&L-1&1':7-18J<0J(&-

-
•  %4(&-<(<1&24<-'1"(&82'4"21L-H7-#28-

'0&:1-

Y1"(&82'4"2-&142'#&(-1&1':7-0884<#&:-
..`,Q-
-
-
-



a-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



50'J"=1-\Z-#&-%#&#*((+,-K<#&1'0=-(#=-L12/M-

b-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



!"#*((+,-?8-%#&#*((+,-

•  L#c1'1&2-:1(<12'#18-
•  L#820&"1-3'(<-20':12-CFF<-?8-NFF<-)d-

0&:4=0'-0""1P20&"1--

•  L#c1'1&2-&4"=10'-20':12--
•  P=08J"-8"#&J==02('-?8-<#&1'0=-(#=-)d-.)W-

'0J(-#8-L#c1'1&2-

•  L#c1'1&2-1?1&2-81=1"J(&E-L#c1'1&2-1?1&2-
"(&21&2-#&-]&0=-80<P=1-

•  L#c1'1&2-1&1':7-0&L-8P0J0=-'18(=4J(&-

•  L#c1'1&2-L121"2('-87821<0J"8-

•  !"#*((+,-08-&10'-L121"2('-3('-%#&#*((+,Q-
e4O-0&L-"'(88-81"J(&-4&"1'20#&J18-L(-&(2-
34==7-"0&"1=-

f-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



!"#*((+,-Y184=28-
•  g-..-"(6)hQ-5678/Y1?/ZabE-CCAFFN-KAFFbM-

•  +(-1?#L1&"1-(3-..-"(6)h-

•  g-+.)hFQ-5678/Y1?/ZbCE-FDDFFN-KAFCFM-
•  .'(88-81"J(&-0&L-hF-R#&1<0J"8E-%.-0:'11-@#26-L020-

•  g-+.-"(6)hFQ-5678/Y1?/ZbCE-CCCCFA-KAFCCM-
•  .=10'-1?#L1&"1-(3-"(6)hE-Y)!-<(L1=-0:'118-@#26-L020-

•  gi-..-"(6)hQ-P'1=#<#&0'7-'184=28-
•  .'(88-81"J(&-'0J(-SAj-0@07-3'(<-k1'(-
•  Z020-6#&2-2602-&(&)k1'(-..-"(6)h-1?1&28-#&-?1'7-3('@0'L-'1:#(&-K260&-Y)!-<(L1=M-

•  g-..)hFQ-P'1=#<#&0'7-'184=28-
•  lH8(=421-"'(88-81"J(&E-@('R#&:-(&-8782/-4&"1'20#&J18-
-

•  mn-P'(L4"J(&-<1084'1<1&2-02-261-*+*Q----5678/-Y1?/-ZbNE-FCAFFf-

•  ..-#&"=48#?1-P'(L4"J(&-<1084'1<1&2Q-5678/-Y1?/-ZbDE-FCAFF[-

CF-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



CC inclusive-
!"#*((+,-.(==/E-5YZ-bDQFCAFF[-KAFCCM-

CCQE 

o-+142'#&(-1&1':7-3'(<-R#&1<0J"8-(3-
%YZ)82(PP1L-<4(&8-

o-]2-pE-pnPE-pnh-80<P=18-2(-1O2'0"2-
IJ(K(LM)0=(&:-@#26-L020)L'#?1&-
"(&82'0#&2-(&-#&1=08J"-H0"R:'(4&L8-

CC-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

•  !1=1"2-%\5)=#R1-1&1':1J"-2'0"R-
K5pdF/A[q19M-

•  Y1_1"2-8#L1)18"0P#&:-<4(&8/-
•  D-80<P=18Q-

•  !"#*0')82(PP1L-K5pErpM-
•  %YZ)82(PP1L-K5pErpM-)-..`,-80<P=1-
•  %YZ)P1&12'021L-KrpM-



NC-1"0 •  !1=1"2-1?1&28-@#26-A-#)=#R1-2'0"R8-
"(&?1'J&:-#&-!"#*0'-0&L-P(#&J&:-2(-
"(<<(&-?1'21O-

•  ,.$%YZ-3('-1&1':7-=10R0:1E-..-
H0"R:'(4&L-84PP'188#(&-

•  hF-?1'21OE-<088-0&L-R#&1<0J"8-3'(<-#-
"0&L#L0218-

•  +.)ChF-"'(88-81"J(&-'1=0J?1-2(-..-
#&"=48#?1Q-

-

o-!1P0'021-"F-81=1"J(&-#&-2@(-84H)80<P=18Q-

o-s(@-?1'21O-0"J?#27Q-8#:&0=-80<P=1-

o-W#:6-?1'21O-0"J?#27Q-H0"R:'(4&L-80<P=1-

o-G#2-261-2@(-,hFKC)"(8rhFM-L#82'#H4J(&8-

o-.(61'1&2-hF-P'(L4"J(&- -=(@-<(<1&24<-2'0&831'-
2(-&4"=148- -=(@-?0=418-3('-,hFKC)"(8rhFM-

-

CA-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



Coherent "+ Production @ SciBooNE 
o-!1=1"2-pnh-1?1&28-@#26-=(@-?1'21O-0"J?#27E-
3('@0'L-P#(&E-=(@-`A-

o-lLL#J(&0=-..-80<P=18-2(-"(&82'0#&-
H0"R:'(4&L8-

o-;@(-"(61'1&2-hn-80<P=18-L1P1&L#&:-(&-
<4(&-'0&:1-

o-+(-1?#L1&"1-3('-..-"(61'1&2-h-P'(L4"J(&-02-
!"#*((+,-

o-.(<P0JH=1-@#26-mAm-L020E-#&"(<P0JH=1-@#26-
Y1#&)!16:0=-<(L1=-KA/FNO-CF)AM-

CD-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



CN-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

%#&#*((+,-'184=28-



B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:- C[-



C^-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

•  %#&#*((&1-(H81'?18-0&-1O"188-(3-&1-"0&L#L0218-#&-261-AFF)C[FF-%19-1&1':7-'0&:1-#&-
&142'#&(-<(L1-KD/N$M-0&L-#&-0&J)&142'#&(-<(L1-KA/[$M/-;61-"(<H#&1L-1O"188-#8-
ANF/DtDN/[t[A/^-1?1&28-KD/b$M-

-
•  ;61-1?1&2-1O"188-#8-"(&"1&2'021L-#&-261-AFF)Na[-%19-'1:#(&-@61'1-+.-"F-0&L-(261'-

P'("18818-=10L#&:-2(-0-8#&:=1-#-L(<#&0218-
-
•  \2-#8-&(2-712-R&(@&-@61261'-261-%#&#*((+,-1O"18818-0'1-L41-2(-(8"#==0J(&8E-8(<1-

4&'1"(:&#k1L-+.-#-H0"R:'(4&LE-('-8(<126#&:-1=81-

"(&8#821&2-@#26-s!+Z-1O"188--)d-dD-&142'#&(8-u-

%#"'(*((+,-



B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:- Ca-

l&J&142'#&(-,?1&2-,O"188-
3'(<-AFF)CA[F-%19--
ab/NtAF/FtAF/D--KA/b$M-

+142'#&(-,?1&2-,O"188-
3'(<-AFF)CA[F-%19--
C^A/FtAb/CtDb/a--KD/N$M-
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5H3-v-^/Cw--
5&4==-v-F/[wx-

-
5&4==-'1=0J?1-2(-
5H3-v-A/Fw-

5H3-v-^^w-E--
5&4==-v-[/Nw-

-
5&4==-'1=0J?1--
2(-5H3-v-F/[w-

-

5678/-Y1?/-s1y/-CCFE-C^CbFC-KAFCDM-



!"#n%#&#)*((+,-"(<H#&1L-]28-'184=2-

!"#*((+,n%#&#*((+,-.(==/E-5YZ-b^QF[AFFf-KAFCAM-

Cb-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

•  %#&#*((+,-'184=28-0'1-?1'7-
#&21'18J&:-

•  s,5-8078-2602-@1-60?1-D-0"J?1-&142'#&(8-
•  s!+Z-8078-2602-<07H1-@1-60?1-dD-

&142'#&(8-KD-0"J?1-n-C-821'#=1-('-!CE-!AE-!DE-
!NM-

-
%#&#*((+,-8118-1O"188/--
-
\3-%#&#*((+,-0&L-s!+Z-1O"188-0'1-
1OP=0#&1L-H7-821'#=1-261&-
-
!µ-)-!1-2617-(H81'?1-<482-:(-26'(4:6-
!µ-)d-!N-0&L-261&-!N-)d-!1-
-
261&-&(-<('1-21&8#(&/--
-
*42-261-"(<H#&1L-]2-%#&#n!"#)*((+,-
1O"=4L1-0-=(2-(3-261-P0'0<121'-'1:#(&/-
-
-



Cf-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

@67-#8-#2-#<P('20&2-u-

•  G(4&L-0-H#:-84'P'#81-#&-261-!µ-..`,-"60&&1=-z-824L#1L-0-=(2-
•  #<P('20&2-H1"0481-..`,-#8-"'4"#0=-3('-261-!1-0PP10'0&"1-0&0=78#8/--
•  %4(&-R#&1<0J"8-<1084'1L-L#'1"2=7-3'(<-261-L020-
•  P(88#H=1-L41-2(-&4"=10'-<(L1=8-

-
+1@-0&0=78#8-L(&1-48#&:-0&J)!-80<P=1-61=P-"(&82'0#&#&:-?0'#(48-&4"=10'-<(L1=-
P'1L#"J(&8-0&L-#2-#8-{#&L1P1&L1&2|-3'(<-!-0&0=78#8/-%#"'(*((+,-@#==-#&?18J:021-26#8/-



B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:- AF-

%#&#*((+,-!10'"6-3('-Z0'R-%0y1'Q-
;182-IKCM-Z0'R-!1"2('$=#:62-%(L1=8-@6#"6-0'1-<(J?021L-H7-=(@-<088-
K84H-q19M-}\%58-0&L-261-<4(&-:)A-0&(<0=7/-
-

•  l&0=7k#&:-"4''1&2-L020-8128-
KC/b,AC-5>;ME-P'(P(8#&:-86('2-
84<<1'-H10<-(c-20':12-'4&-
@6#"6-8#:&#]"0&2=7-'1L4"18-
&142'#&(-H0"R:'(4&L8/--G#'82-
'184=28-=021'-26#8-710'~-

•  >?1'=0P8-<4(&-:)A-'1:#(&/-

•  Z0'R-=#:62-K9M-"(4P=18-2(-P6(2(&8-3'(<-H10<-hF-L1"07/-
•  }\%58-K�M-2'0?1=-2(-L121"2('-0&L-8"0y1'-(c-&4"=1(&8-
------('-1=1"2'(&8/-K3('-L120#=8-811-0$N"FOPQPPRQQ;SM-

}\%5)+4"=1(&- }\%5),=1"2'(&-



%#"'(*((+,-
•  s#Ä4#L-l':(&-;#<1-5'(_1"J(&-.60<H1'-Ksl'-;5.M-

•  CaF-2(&8-sl'-KSbN2-0"J?1M-
•  =("021L-(&-261-*+*-

•  %0_('-0L?0&"1-#&-&142'#&(-L121"2('-21"6&(=(:7-
•  l"6#1?1-l'-P4'#27-@#26(42-1?0"40J(&-
•  G(0<-#&84=0J(&-
•  .(=L-1=1"2'(&#"8-
•  A/[-<-L'#Å-L#820&"1-KC/^<8M-

•  ;5.-0"J?1-?(=4<1-
•  s1&:26Q-CF/N<-
•  W1#:62Q-A/D<-
•  }#L26Q-A/[<-
•  D<<-@#'1-P#2"6-
•  D@#'1-P=0&18-

•  A-#&L4"J(&-P=0&18-
•  C-"(==1"J(&-P=0&1-

•  !"#&J==0J(&-=#:62-L121"J(&-H7-5%;8-?#1@#&:-sl'-
?(=4<1-26'(4:6-@#'1-P=0&1-

AC-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

!#<P=#37-L12/-"(&82'4"J(&E-<0R1-
P(88#H=1-2(-H4#=L-H#::1'-L121"2('8-
s(@-&(#81-



%#"'(*((+,-q(0=8-

-
•  \&?18J:021-261-8(4'"1-(3-=(@-1&1':7-1O"188-(H81'?1L-H7-

%#&#*((+,-H7-48#&:-261-4&#Ä41-"0P0H#=#27-(3-sl'-;5.-#&-
L#8J&:4#86-H12@11&-1=1"2'(&-0&L-P6(2(&8-)-%#&#*((+,-
1O"188-L41-2(-1=1"2'(&8-v-"(&]'<-821'#=1-&142'#&(-

•  %0R1-261-]'82-6#:6)820J8J"8-<1084'1<1&28-(3-&142'#&(-
#&21'0"J(&8-#&-l':(&-

•  G4==7-2182-sl'-;5.-21"6&(=(:7-02-=0':1-8"0=1-2602-@#==-
81'?1-08-0-YUZ-@('R-3('-L18#:&-0&L-(P1'0J(&-(3-<4=J)
R#=(2(&-sl'-L121"2('-Ks*+,M-

•  Z1?1=(P<1&2-0-34==-'1"(&82'4"J(&-(3-&142'#&(-
#&21'0"J(&8-#&-sl'--

-

- AA-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



}602-#8-261-%#&#*((+,-1O"188-L41-2(u-,=1"2'(&8-('-56(2(&8u-

 e+e- 

Photon: Gap between primary vertex and conversion point 
                                                     and doubly ionizing track 

S-CN-"<-

Electron : Connected to 
 primary vertex  
And singly ionizing track 

"(-!-## %

!"#$%&"'()*"&%)+,-#.(')-+/%01"+'%-23"#1"&%)+%4#5-6"7'%

!"

Colour denotes 
Pulse height 
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Photon conversion 
      ! ! e+  e- 

Advantages over MiniBooNE 
"  Detailed knowledge of topology of events 
" All charged particles seen (no Cerenkov threshold)! Purer CCQE sample 
" dE/dx and range allow particle identification 
" Photons distinguishable through displaced conversion vertex 

" Fid. Volume : MiniBooNE 450t ! MicroBooNE 60t but better e/! efficiency 

AD-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



-5678#"8-%(J?0J(&-\/--,O"188-L41-2(-,=1"2'(&8/-

Excess IS due to electrons 
36.8±6.4 events ! 5.7$   

Excess NOT due to electrons  

Cuts to Select Electrons, Reject #T3  

(Estimated from MiniBooNE rates)  
AN-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



5678#"8-%(J?0J(&/-,O"188-L41-2(Q-56(2(&8/--
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electron-like hypothesis signal

1.5            3.0

Excess IS due to photons 
36.8±8.9 events ! 4.1$   

Excess is NOT due to photons  "  Background: # or "0 

"   R. Hill arXiv: 0905.0291 
"   Jenkins et al arXiv:0906.0984 
"   Serot et al arXiv: 1011.5913 

               OR 

" Radiative ! interaction 
           Examples: 

(Estimated from MiniBooNE rates)  

Background 

A[-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-

Cuts to Select Photons, Reject + 3  



5%;-87821<-

DA-5%;8-<(4&21L-(&-0-84PP('2-'0"R-(428#L1-261-'1:#(&-(3-,)
]1=L-2602-@#==-L121"2-l'-8"#&J==0J(&-=#:62-
-
>&:(#&:-21828-*7-%\;-0&L-!2/-%0'7Ç8-I&#?1'8#27-(3-%#&&/-2(-
824L7-P'(P1'J18-(3-@0?1=1&:26-86#Å1'-P=0218-0&L-5%;8-
- A^-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



sl'-;5.->P1'0J(&--
l':(+142-&142'#&(-"0&L#L021-

Aa-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



}602-L020-@1-"0&-1OP1"2-u-
%#"'(*((+,-@#==-820'2-261-L020-20R#&:-#&-

AFCN-
-

,OP1"21L-^/^OCFAF-5>;-#&-D-710'8-

Ab-B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:-



B4&1-CDE-AFCD- ./-%0'#0&#--G1'<#=0H-I81'-%11J&:- Af-

%#"'(*((+,-5'(:'188-
.'7(8202-L1=#?1'1LE-#&820==1L-0&L-"=10&1L-02-Zl*-

;5.-#&81'21L-#&2(-261-"'7(8202-
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