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Prompt Neutrino Beam Line

Primary Target

Emulsion
Target

36m

SpectrometerShielding to protect 
emulsion from the high 

flux of muons.

Sweeping Magnets

DONUT
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ντ interaction selection

• No  e , µ from primary vertex
• Tau ID: ~76% have visible track

86% of decays are single charge 

ντ

“kink” > 5 mrad
(mean 110 mrad)

pdaughter > 1 GeV/c

pt > 250 MeV/c
for hadron daughter

> 100 MeV/c
for lepton daughter

τ

DONUT
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for developing calculus of particle physics in the 70for developing calculus of particle physics in the 70--tiesties

Nobel Prize 1999 in physicsNobel Prize 1999 in physics
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Measurement Pull Pull
-3 -2 -1 0 1 2 3

-3 -2 -1 0 1 2 3

∆αhad(mZ)∆α(5) 0.02761 ± 0.00036   -.35

mZ [GeV]mZ [GeV] 91.1875 ± 0.0021    .03

ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023   -.48

σhad [nb]σ0 41.540 ± 0.037   1.60

RlRl 20.767 ± 0.025   1.11

AfbA0,l 0.01714 ± 0.00095    .69

Al(Pτ)Al(Pτ) 0.1465 ± 0.0033   -.54

RbRb 0.21646 ± 0.00065   1.12

RcRc 0.1719 ± 0.0031   -.12

AfbA0,b 0.0990 ± 0.0017  -2.90

AfbA0,c 0.0685 ± 0.0034  -1.71

AbAb 0.922 ± 0.020   -.64

AcAc 0.670 ± 0.026    .06

Al(SLD)Al(SLD) 0.1513 ± 0.0021   1.47

sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012    .86

m(LEP) [GeV]mW 80.450 ± 0.039   1.32

mt [GeV]mt [GeV] 174.3 ± 5.1   -.30

m(TEV) [GeV]mW 80.454 ± 0.060    .93

sin2θW(νN)sin2θW(νN) 0.2255 ± 0.0021   1.22

QW(Cs)QW(Cs) -72.50 ± 0.70    .56

Summer 2001
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CERN µ+

CERN µ−

E821 (97) µ+

E821 (98) µ+

E821 (99) µ+

World average 11659203±15

Recent calculations
Narison, Jegerlehner, de Troconiz+Yndurain, Davier+Hocker
Cvetic+Lee+Schmidt

11659000 11659200 11659400
aµ x 1010
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J. Goodman – LP01

Muon - Electron Identification

muon electron
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J. Goodman – LP01

Atmospheric Oscillations

about 13,000 km

about 15 
km

Neutrinos 
produced in 

the 
atmosphere

We look for �
transformations 
by looking at �s 
with different 
distances from 
production

SK



J. Goodman – LP01

Low Energy Sample

No Oscillations

Global for �
�

to �
�

Oscillations     
(1.0,  2.4x10-3eV2)



J. Goodman – LP01

Multi-GeV Sample



J. Goodman – LP01

Super-Kamiokande - atmospheric ν

Best Fit for �
�

to �
�

Sin22� =1.0, 

�m2=2.4 x 10-3eV2

�2
min=132.4/137 d.o.f. 99% C.L.

90% C.L.

68% C.L.

Best Fit



J. Goodman – LP01

The Solar Neutrino Problem



J. Goodman – LP01

Solar Neutrinos in Super-K

• 1258 day sample (22.5 kiloton fiducial volume)
• Super-K measures:

– The flux of 8B solar neutrinos
– Energy spectrum and direction of recoil electron

• Energy spectrum is flat from 0 to Tmax

– The zenith angle distribution
– Day / Night rates
– Seasonal variations



J. Goodman – LP01

Seasonal/Sunspot Variation
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ννννe→→→→ννννµµµµ(ννννττττ )    

99% C.L.
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Oscillation parameters based on flux of
Homestake, GALLEX, SAGE and SK



J. Goodman – LP01

Combined Results �e to ����

SK+Gallium+Cholrine -
flux only allowed 95% C.L.

95% excluded by SK flux-
independent zenith angle 
energy spectrum
95% C.L allowed.  - SK 
flux constrained w/ zenith 
angle energy spectrum
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•Accelerator: 12 GeV proton synchrotron
•Beam intensity: 6×1012 protons / pulse
•Repetition:        1 pulse / 2.2 sec
•Pulse width:      1.1 µs  (9 bunches)

•Horn-focused wide-band beam
•Average neutrino energy:  1.3 GeV

•Near detector:  300 m from the target
•Far detector (Super-Kamiokande): 250 km from the target
•Goal: 1020 protons on target

Water Cherenkov detector
Total mass:       50 kton
Inner mass:       32 kton
Fiducial mass:   22.5 kton

K2K =  1st Generation Long Baseline Experiment
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The Standard Model precisely describes both 
electroweak and strong interactions. No significant 
deviation from its predictions was observed so far.

But:
� it has ~20 free parameters

� particle masses are generated by Higgs mechanism, 
not determined within the Standard Model

� Higgs particle was not observed so far

� Standard Model does not explain
² existence of 3 generations of fermions
² mixing between different generations

Strategy for the near future:
� find Higgs particle or exclude its existence in the 

region allowed by theory (~1 TeV)

� look for deviations from the Standard Model

� search for new particles (~50 GeV — ~5 TeV)

Needed tools
� accelerator: LHC
² high energy: 14 TeV 
² wide energy range “for free” in pp beams
² high luminosity 1034cm-2s-1

� detectors: ATLAS, CMS, LHC-B, ALICE
² universal (e, γ, µ, jets, missing energy)
² fine grained (large number of particles): ~107 channels
² fast (high luminosity): 25 ns bunch crossing

Particle physics today
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particle mass (GeV)

σ rate ev/yearLHC √s=14TeV L=1034cm-2s-1

barn

mb

µb

nb

pb

fb

50 100 200 500 1000 2000 5000

GHz

MHz

kHz

Hz

mHz

µHz

1

10

10 2

10 3

10 4

10 5

10 6

10 7

10 8

10 9

10 10

10 11

10 12

10 13

10 14

10 15

10 16

10 17

LV1 input

max LV2 input
max LV1 output

max LV2 output

σ inelastic

bb
–

tt
–

W

W→lν
Z

Z→l+l-

ZSM→3γ

gg→HSM

qq
–
→qq

–
HSM

HSM→ZZ(*)→4l

HSM→γγ
h→γγ

tanβ=2-50
ZARL→l+l-

Zη→l+l-scalar LQ

SUSY q
~
q
~
+q

~
g
~
+g

~
g
~

tanβ=2, µ=mg
~=mq

~

tanβ=2, µ=mg
~=mq

~/2



:�FL�JX����ODW�SUDF\�/+&�]DMG]LH������]GHU]H��SS�

=DREVHUZRZDQLH����³HJ]RW\F]Q\FK´�SU]\SDGNyZ�PR*H�
VWDQRZLü�HSRNRZH�RGNU\FLH�³QRZHM�IL]\NL´�

1DOH*\�MHGQDN�XPLHü�RGV]XNDü�RZH����SU]\SDGNyZ�

Z�UyG�ZV]\VWNLFK������

6]XNDQLH�LJá\�Z�VWRJX�VLDQD"

• W\SRZD�LJáD�²���PP�

• W\SRZ\�VWyJ�VLDQD�²����P�

LJáD���VWyJ� ���������

3RV]XNLZDQLH�³QRZHM�IL]\NL´�Z�/+&�
WR�V]XNDQLH�LJá\�Z�PLOLRQLH�VWRJyZ�VLDQD�

6HOHNFMD�SU]\SDGNyZ



���QDáR*RQ\FK�]GHU]H��SS��
ZLG]LDQ\FK�SU]H]�ZHZQ
WU]Q��F]
�ü�NU]HPRZHJR�GHWHNWRUD�
PLNURSDVNRZHJR�
:�UyG�QLFK�UR]SDG�F]�VWNL�+LJJVD�QD���PLRQ\�

=QDMG(���SURVWH��ODG\�

àDPLJáyZND



=UHNRQVWUXRZDQH��ODG\�R�SW�!���*H9�

:�UyG�QLFK�GREU]H�ZLGRF]QH���PLRQ\�]�UR]SDGX�+LJJVD�

5R]ZL�]DQLH�PR*OLZH�MH�OL�]DM
WR�ü�GHWHNWRUD�a��

 →�SRZLHU]FKQLD�PLNURSDVND�a�PP�

 →�!����NDQDáyZ�RGF]\WX

5R]ZL�]DQLH�áDPLJáyZNL
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� +LJJV FDQQRW EH KHDYLHU WKDQ a� 7H9
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² LWV ZLGWK LV GLYHUJLQJ
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*U]HJRU] :URFKQD

�:H ZLOO DQRXQFH LW WR WKH ZRUOG�

�:H ZLOO FHOHEUDWH RXU JUHDW YLFWRU\�

� 7KHUH ZLOO EH ODXUHO ZUHDWKV IRU KHURHV �1REHO�
DQG IHVWLYLWLHV IRU WKH FURZG�

� 79 VKRZV DQG QHZVSDSHU FRYHUV ���

%XW WKLV ZLOO EH WKH EHJLQLQJ RI WKH HQG ���

:H ZLOO EH OHIW ZLWK

� WKH 6WDQGDUG 0RGHO ZKLFK ZRUNV SHUIHFWO\�
EXW ZH GR QRW XQGHUVWDQG ZK\�

� WKH +LJJV PHFKDQLVP
ZKLFK ZH GR QRW NQRZ ZKHUH LW FRPHV IURP�

� QRQXQLILHG IRUFHV� UDQGRP V\PPHWULHV�
DQG a�� DUELWUDU\ SDUDPHWHUV�

� ZLWK QR KLQW ZKDW LV EHKLQG�

� QR LGHD ZKDW WR GR QH[W ���

�������
����������������


�

,PDJLQH� WKDW ZH WXUQ RQ /+& DQG ZH ILQG MXVW 60 KLJJV�
:H ZLOO EHKDYH OLNH 7URMDQV ILQGLQJ WKH :RRGHQ +RUVH�



*U]HJRU] :URFKQD

+DOI RI DOO SDUWLFOHV SUHGLFWHG
E\ VXSHUV\PPHWU\ KDYH EHHQ
DOUHDG\ GLVFRYHUHG�

�����
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��������
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(DFK IHUPLRQ KDV
FRUUHVSRQGLQJ ERVRQ
DQG YLFH YHUVD�

(DFK GLVFRYHUHG SDUWLFOH
KDV XQGLVFRYHUHG
VXSHUV\PPHWULF SDUWQHU�

(DFK H[LVWLQJ SDUWLFOH
KDV QRQH[LVWHQW
VXSHUV\PPHWULF SDUWQHU�

1R VXSHUV\PPHWULF
SDUWLFOH KDYH EHHQ
GLVFRYHUHG VR IDU�
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 2000, Osaka Greg Landsberg, Mini-Review on Extra Dimensions
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Various (0.2, 0.1, 0.02, 0.01) couplings, Mass = 3TeV (Pythia)
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Grzegorz Wrochna

Randall - Sundrum gravitons at LHC
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