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Selected References™
(which point back to original papers)

« CERN Informal Workshops ‘63 — " 69

 H. Wachsmuth, Summer School “Enrico Ferm1” 1979

« Neutrino Beams & Instrumentation Workshops ‘00 — " 06
 S. Kopp, “Accelerator Neutrino Beams™ Phys. Rep.

*1 will not cover beam stop experiments. A very good reference:
* Burman and Louis, “Neutrino Physics at Meson Factories and Spallation Sources,”
J. Phys. G29, 2499 (2003)
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Do Protons/ Secondary Dec. Pipe (Ev)

Lab Year | (GeV/c) | Pulse (10*?) Focusing Length (m) | (GeV) Experiments

ANL | 1969 12.4 1.2 1 horn WBB 30 0.5 Spark Chamber

ANL | 1970 12.4 1.2 2-horn WBB 30 0.5 12" BC

BNL | 1962 15 0.3 bare target 21 5 Spark Ch. Observation of 2 v’s
BNL | 1976 28 8 2-horn WBB 50 1.3 7' BC, E605, E613, E734, E77
BNL | 1980 28 7 2-horn NBB 50 3 7 BC, ETT

CERN | 1963 20.6 0.7 1 horn WBB 60 L5 HLBC, spark ch.
CERN | 1969 20.6 0.63 3 horn WBB 60 L5 HLBC, spark ch.
CERN | 1972 26 5 2 horn WBB 60 L5 GGM, Aachen-Pad.
CERN | 1983 19 5 bare target 45 1 CDHS, CHARM
CERN | 1977 350 10 dichromatic NBB 290 50,150 CDHS, CHARM, BEBC
CERN | 1977 350 10 2 horn WBB 290 20 GGM,CDHS, CHARM, BEBC
CERN | 1995 450 11 2 horn WBB 290 20 NOMAD, CHORUS
CERN | 2006 450 50 2 horn WBB 998 20 OPERA, ICARUS
FNAL | 1975 | 300, 400 10 bare target 350 40 HPWF

FNAL | 1975 | 300, 400 10 Quad. Trip., SSBT 350 50,180 CITF, HPWF

FNAL | 1974 300 10 dichromatic NBB 400 50, 180 CITF, HPWF, 15 BC
FNAL | 1979 400 10 2-horn WBB 400 25 15 BC

FNAL | 1976 350 13 I-horn WBB 400 100 HPWF, 15" BC
FNAL | 1991 800 10 Quad Trip. 400 90, 260 15" BC, CCFRR
FNAL [ 1998 800 12 SSQT WBB 400 70, 180 NuTeV exp't

FNAL | 2002 8 4.5 I-horn WBB 50 1 MiniBooNE

FNAL | 2005 120 32 2-horn WBB 675 4-15®) MINOS, MINERvA
FNAL | 2009 120 70 2-horn NBB 675 2 NOvA off-axis

[HEP | 1977 70 10 4 horn WBB 140 4 SKAT, JINR
JPARC | 2009 40 300 3 horn NBB 140 0.8 Super K off-axis

KEK | 1998 12 5 2 horn WBB 200 0.8 K2K long baseline osc.

(@) pion and kaon peaks in the momentum-selected channel

®) tunable WBB energy spectrum.



Decay Kinematics



n— UV —
~2tan? g _ W)
(Ftan”vmax = 3250
v ™ ]. ’“/" 34 — (.j' )
— =100
-------- =50
--------------- y=25
(a)
o -“t':-‘-l-_._.._:t,__, _____ I R A

0.1 045 0.2 0.25 0.3 035 0.4
Angle wrt Meson (radian)

T :

016 F

) r —

O 0.14 [ — =100
Soz L | 0 T y=50
& 012 ¢ 7=25
o 01 F !

O 0.08 [ I
2008 ¢ L ®
T o004 | A :
\002 — ) ! i ............. "
< el Wl e [ 1 |

0 I
© 0 0.0025 0.005 0.0075 0.01 0.0125 0.015

Angle wrt Meson (radian)
S. Kopp, SUNY Stony Brook Accelerator Neutrino Beams



___________________________

T — IV

L 0.04 — 1% v :
ooz | Lab

0 g g s Frame
Energy (GeV) (’)/: 200)

9t
o
tn

|

ST LK — v

C 20 40 60 80 100 120

Energy (GeV)

S. Kopp, SUNY Stony Brook Accelerator Neutrino Beams



Production of mw/K 1n a Target
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Po Target t/ Aint
Reference (GeV/e) | Beam Material (in %) Secondary Coverage
HARP [81] 12 PS Al 5 0.75 < p < 6.50 GeV/c, 30 < § < 210 mrad ¢
Asbury|25] 125 | ANL Be 19,123 p=3 4 5 6=12°,15°
Cho [84] 12.4 ANL Be 49,123 2<p<6GeV/e 0° <l <12°
Lundy[153]° 12.4 ANL Be 25,50,100 1<p<12GeV/e, 2° < 0 < 16°
Marmer|[160)] 12.3 ANL Be, Cu 10 p =0.5, 0.8, 1.0 GeV /e, § = 0°,5°,10°
Abbot [11] 14.6 AGS | Be, Al, Cu, Au 1.0-2.0 0<p<8GeV/e, 0 =5°14°24° 34° 44°
Allaby [17] 19.2 PS Be, Al, Cu, 1-2 p =6, 7,10, 12, 14 GeV/c,
Ph, B,C 9 =12.5, 20, 30, 40, 50, 60, 70 mrad
Dekkers [91]° | 18.8,23.1 | PS Be, Pb “thin” 1 <p<12GeV/e, 8 = 0,100 mrad
Eichten [102] 24 PS Be, Al, Cu, 1-2 4<p<18 GeV/e,
Pb, B4C 17 < 6 < 127 mrad
Baker [31] 10,20,30 | AGS Be, Al 7?7 1<p<17 GeV/e, 8 =4.75°,9°,13°,20°
Barton[48] 100 FNAL | C,Al,Cu,Ag,Pb 1.6-5.6 0.3 < zp <0.88,0.18 < pr < 0.5 GeV/e
NA49 [21] 158 SPS C L5 0.05 < pr <18 GeV/e, —0.1 < zp < 0.5°
Aubert [30] 300 FNAL Al 76 f = 0.8 mrad, zp =0.083, 0.17, 0.25,
0.33, 0.42, 0.5, 0.58, 0.67, 0.0.75
Baker [32] 200, 300 | FNAL Be 50 6 = 3 mrad?, 60 < p < 370 GeV/c
Baker [33] 400 FNAL Be 75 0 = 3.6 mrad, 23 < p < 197 GeV/c
Atherton[29] 400 SPS Be 102575125 | zr =0.15, 0.30, 0.50, 0.75, pr =0, 0.3, 0.5 GeV/c
NAS6/SPY 22] | 450 SPS Be 255075 | =0.016, 0.022, 0.033, 0.044, 0.067, 0.089, 0.15, 0.30,

pr=0, 75, 150, 225, 375, 450, 600 MeV /c

® Possible normalization discrepancy with [160, 25, 84].

b Possible normalization discrepancy with Allaby et al.[17].
¢ Full-acceptance spectrometer.
4 They report angular variation between 2-3.5 mrad, consistent with then-running FNAL neutrino experiments.
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Focusing of WBB
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Multi-Lens Systems
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Other WBB Focusing Systems



ldeal focus

= -_._-:'3: K P:Model 53"

. = =
%" | GRS ;"“__’;____ “Shield: Lan%va“—'
Lol A —B.CRAGwS =T
5 "‘";‘ravzu 1cmon
<~ ¢ ' SIsighrianl
= -f.o'__‘:;f
8 :
Quadrupole-Based &
Focusing 3
1& |
5
w
>

~L2==—L——L /2"

“nOfOCMS g ' TTIIONITENGNG T

= Ev(Gah s N ss0
Neutrino Energy (GeV)

S. Kopp, SUNY Stony Brook Accelerator Neutrino Beams




104

Events per 20 GeV

10%

Quad Triplet Beam

Illllll1llllll’llll|llll

o

= ¢ =
- . N
- e x 7]
- | ] ') p’ ]
i 'V, ]
L4 .ll..
L Y T
- e . * Ve
- X . E
u 8 ¢ » N
3 ® i
_ xx .. -
My X e
- X L
E L ] AR ¢ " X .':
e ¢ X i
L ¢ L X -
- ¢ X _
ey .
+
_J-r* MR * X |
o =
- s + )14 -]
C . iy
-l L1 1 L i1l I l+] L1 ! 1 l.l | le | I—
100 200 300 400
E, (GeV)

S. Kopp, SUNY Stony Brook

500

106
109

104
103
10°
10!

Interactions per 10'° POT

101
102

Sign-Selected

Quad Triplet Beam

I.I.I.IIIIIIIlll]llll‘ll]
.....o.... l/“ mode
L
.I
[ J
[ ]
L ]
.?,oooo .V, ..
o
* [+ V“ ..
o Vl{from K;)
lllllll+ll|llll|Jlll t 4 1 U
0 100 200 300 400 8500
E, (GeV)
IIIIIITI_V‘ETIIIIIIIIITTT1
__.c . —
_ teccea, Vy mode_t
»

"900 ... "
ry o. ™Y 2
. - .
= ° * -3

i ?"T 7 Q?

C °V, ]

- ‘l H[ Ov(fromKL)IT

_Tllll 111‘111111111[::1:

0 100 200 300 400 500
E, (GeV)

Accelerator Neutrino Beams
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Focusing of NBB' s
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Off-Axis Beam
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Two-Detector Experiments
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Monitoring/Measuring the v Flux
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Accelerator Neutrino Beams

Evidence for the W and Z bosons
Validation of the V-4 model
Deep 1nelastic scattering & QCD
Discovery of lepton flavors
Neutrino masses and mixing

Al

A World-Wide Effort!
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