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Abstract

Fixed target physics at CERN remains an essential part
of the laboratory's scientific programme and horizon.
In recent years fixed target and decay physics using
CERN's unique accelerator and beam facilities
continues to enable unique experiments to be
undertaken. An overview is presented of the status of
this physics and, wherever appropriate, of its future.
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Overview: the program

Nuclear Matter and QCD Degrees of
Freedom

Low Energy Hadronic Physics
K-decay Physics

Understanding anti-matter

The spin-structure of the Nucleon
Scalar Fields ?

Neutrino Physics @ CERN
Onwards

"I cannot choose the best. The best chooses me." RabindranathTagore l
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® heavy ion programme @ SPS

1. NA49 Large Acceptance Hadron Detection for an
Investigation of Pb-induced Reactions at the CERN SPS
completing
2. NAG60 Study of Prompt Dimuon and Charm Production with
Proton and Heavy Ion Beams at the CERN SPS completing

3. NA61 Study of Hadron Production in Hadron-Nucleus and
Nucleus-Nucleus Collisions at the CERN SPS

® nucleon spin structure and hadronic physics @ SPS

NA58 COmmon Muon and Proton Apparatus for Structure
and Spectroscopy
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e AD programme

1. AD-2(ATRAP) Cold Antihydrogen for Precise Laser
Spectroscopy

2. AD-3(ASACUSA) Atomic Spectroscopy and Collisions using
Slow Antiprotons

3. AD-4(ACE) Relative Biological Effectiveness and
Peripheral Damage of Antiproton Annihilation

4. AD-5(ALPHA) Antihydrogen Laser Physics Apparatus
constructing and commissioning

® particle astrophysics

CAST A Solar Axion Search Using a decommissioned LHC
Test Magnet
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® K-decay @SPS

1. NA48.2 Precision Measurement of Charged Kaon Decay
Parameters with an Extended NA48 Setup —completing
2. P136 R&D Programme for a measurement of K>mwv

3. NA62 Measurement of the ratio K*—ev/ K*—uv
® PS programme

1. PS212 (DIRAC) Lifetime Measurements of pi+ pi- Atoms
to Test Low-Energy QCD Predictions

2. PS214 (HARP) Hadron Production for the Neutrino
Factory and for the Atmospheric Neutrino Flux
completing
3. PS215 (CLOUD) A Study of the Link between Cosmic

Rays and Clouds with a Cloud Chamber at the CERN PS
construction and commissioning
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® CNGS programme

1. CNGS1 (OPERA) An Appearance Experiment to Search for
v, = ¥ Oscillations in the CNGS Beam
construction and commissioning

2. CNGS2(ICARUS) A search programme for explicit
v-oscillations construction and commissioning

® "photon science”

OSQAR: Photon Regeneration, the QED vacuum, and
scalar fields construction, commissioning, dafa taking

® Coherent QED, and Accelerator Science?
EM Processes in Strong Crystalline Fields data taking

What follows is necessarily limited and to my personal taste | l
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® heavy ion FT physics
- study of matter at extreme energy density
- search for state of quasi-free partons
quarks and gluons — quark-gluon plasma (QGP) ?

target ion

ion beam

a
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® nuclear matter @ BE (~ MeV) scale
- colour confinement of QCD d.f.
— bound state colour singlet (1,)
— nucleon d.f.
— strong (> EM) nuclear force
saturates — fluid
R=125AY3 fm
1 nucleon per 8 fm3
— internucleon force < 1-2 fm
— independent particle shell

® nuclear matter and QCD d.f

confined energy  deconfined
nucleon phase < parton phase

Quark-Gluon Plasma
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® Quark-Gluon Plasma
- partonic (coloured) d.f.
- low T« overlap nucleons « pressure: cold QGP
neutron star ?
- higher T < heating < energy: hot QGP
|—>qq_ g9..— hadrons
- plasma < quasi-free g g g
<@g g g colour screened by other colour
- "predicted” feature of chromodynamics (SM)
non-perturbative (lattice)
- finite Tfield theory — Universe <10-4s

G vital piece of the SM of the Universe
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® hot QGP expectation/phenomenology courtesy NA49

1. microscopic nucleon collisions (TG
g9g99 gg g — pre-equil® parton state Elz: ;

het momm along beam PN R
2. parton re-scattering — thermal

g g g — pre-equm parton state =
mom® equi-parfition e

u 7 d d s 5equi-partition
few GeV/fm3 — QGP @ high 7?2

3. QGP (?) expands and cools — hadrons .
(if QGP) phase transition '

4 hadrons re-scatter and interact
dilution
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® hot QGP experiment: high energy AA

- microscopic nucleon collisions ST
+ parton re-scattering — thermal QGP? ~ n:"
U enhanced v (black body) — detector X

enhanced e ¢/ (black body) — detector -

suppressed J/y¢ ¢’'— detector i K
p-resonance distortion gg/mmr— p — yu |

- QGP(?) expands and cools — hadrons ET
+ hadrons re-scatter and interact SR

e

t>r'e-sca’r’rering preserves light flavours < LR
hadron flavour mix — hadron thermometer '™
— T. @ QGP-hadron phase change

— ug@ QGP-hadron phase change ?
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® heavy ion FT physics
-InIn PbPb AuAuand pA physics
with high multiplicity tracking
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-LHC technology synergy (NA60)
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Third generation experiment which focuses on particular QGP
signatures difficult to access at colliders (RHIC)

Properties of the possible phase transition assessed through
a study of muon pair production with unprecedented precision

Investigated QGP signatures:

- p meson: mass and decay width sensitive to chiral symmetry restoration
- J/y meson: production sensitive to onset of deconfinement

- Continuum muon pairs: thermal radiation from the plasma
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ar'a’rus 0 r 4 am efec’rors
plgeam mp vertex trac B

tracker ;

The vertex reg|on (2 detectors):
<Im

-« 0E G =
e = —

# Concept of NA60: place a silicon tracking telescope in the vertex region to
| measure the muons before they suffer multiple scattering in the absorber and
| match them (in both angles and momentum) to the tracks measured in the

spectrometer

Origin of muons can be accurately determined | | High luminosity uu experiment:
Improved dimuon mass resolution possible with radiation tolerant
(~20 MeV/c? at w instead of 80 MeV/c?) detectors and high speed DAQ

& Wiy
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p yield largely dominated by the process m'n- — p — pry-

For the first time in-medium properties of the p meson assessed Y
. . K C
quantitatively x0\\
Os#“\v "0 QCD
., 4000F -‘(O‘NO“
o - In-In SemiCentral
> B Rapp/Wambach
% 35001 all P, Brown/Rho
B Vacuum p
R s e ookt st No change in mass|(BR), only
g I DD (dashed) strong broadening (RW)
S 2500 observed
o -
S 2000 Connection with chiral
500F symmetry restoration under
- Investigation
1000
5001 Which processes contribute
. tom, >16GeV?

- 1.2 1.4
M (GeV/c?)

o
o
]
o [
R E
o
o
o
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Clear pp excess over expected Charm and Drell-Yan yields observed

Enhanced open charm excluded by precise measurement of muon track
offset with respect to the primary interaction point

= : i : :
> 51pm......COrrected for acceptance . ...
data ] : : ?
Drell-Yan Q ] :
charm @ 410 r AR — 6500A
Drell-Yan+charm 3] | Al data |
L | |
10° - . l : :
- _‘_“‘_*__*_ 1
- et = 2| . N . o
aa Ty N _
- L i By ]
10+ ] - . | : :
- +} TT | : | = -
1 ||||\|||||||||||‘|||'| |'|'| |'|'||\'||'||||\||-| 0 rT T | T | | T | rTT
1.5 2 25 3 35 4 45 5 0 0.5 1 1.5

Mass (GeVic))

Excess qualitatively different from Drell-Yan (strongly concentrated at
low p-)

Looks related to a soft process like qq annihilation in a deconfined phase or
multipion annihilation — Thermal radiation



John Dainton >

¢ ERII\] Academic N A 6 O $0k00ﬁ'sttte
ectures UNIVERSITY OF
May 2008 —I &/ LIVERPOOL

< 350 ' ' - Strong rise of T, with
C NAGO In-In — dimuons - dimuon mass, followed by a
< ’d”’SO YLMR - sudden drop for M>1 GeV

% 300_ ................................... ............... . ................ ................................ .LMRWIIODY ..................... __
=] ® IMR, wio DY

________________________________________ ??_?Qr?ﬂ_?_L!J_.__.ai___*.__1____*_?_1__'_ Rise consistent with
collective motion (radial
flow) of a hadronic source

SRS - B

- Drop signals sudden transition
to low-flow source, i.e.

- - source of partonic origin

0 0.5 1 1.5 2 25 (here qg—pp)

sy (NN RN RN SRR T N
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Anomalous suppression
detected in Indium-Indium
starting at N, ~ 80,
corresponding to an energy
density ~ 1.5 GeV/fm3

Centrality dependence of
J/Y suppression determined
by NA60 much more
precisely than previous
measurements

J/Y suppression marking
the onset of
deconfinement?

0.8

0.7
0.6

0.5

NASO Pb-Pb {Eznc)’ 158 GeV
» NABO In-In [Eznc)' 158 GeV

0.4-

50 100 150 200 250 300 350 400
N

part
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® noble gentleman of ion physics

- matamorphosing intfo the future !

NAG61/SHINE Target
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properties of the matter created in collisions

transverse momentum spectra
158 AGeV

[l +- 29 MeV

J.l"

longitudinal momentum (rapidity) spectra

80 AGeV
A ] -' "
et 107

30 AGeV 40 AGeV

_ 20 AGeV
Za00f 7 1 :
30;— K T ] ¥ 3 Pg = 0.78 +- 0.0
20 f\ j\f\ ' 10
106 955 :: i 1 t : T
~+ K d t : } t t t t t t t t 10 T, )
15 K i i = : ' :kai K*
5 I i £ i - pi=0.5)
T £ N ; A j‘\_ 0. S /A 0! «E:\"'-,Rl
i i i PN 1 H\\ A(x 0.05)
! #\ 4 \ P J\'\ --/.f" _ 07 FHL, }H\i = (+0.05)
£ ¥ E [ + %"'..__ = LR
E X E I I ' ' ' ' ' ' ' ' ' l[.]_': e -H!"M..___H
15 - i i POMA T 0 (+0.02)
I £ T A F 7R 10+ 4 (+0.02)
0% t P -
e AR P et S —’./ : \.¥ = };E dof: 291/111
150 A ] : : : : 10 | | | |
10 A : : ﬁ i K 0 0.5 1.5 2
G IS N T T s ey m-me(GeV)
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® central Pb+Pb collisions
hadron gas (AGS) < QGP (SPS/RHIC) ?

AGS SPS AGS SPS
y > w—
03 = 3007 K7 I NE@
| - = oo L83
- a"s
(=) ! Ty
S 02+ .
3 A 200 -
4 b
: i} :
=Y N _ 9. Q i
= 01 _ -1 5 g (:'_.‘1 g [<§) S
g A - S I § s AGS
E i SDD oD & B NA49
— SMES — - RQMD - :
N HGM - U?QMD kS 100 © PTP @ RHIC
0 I 1 L L1 QL 1 Lo 1 Lol
1 10 10> & 10 10
. r 7)) . i
collision energy VS (GeV) collision energy \[Syy (GeV)

® models without deconfinement fail
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® matter in central PbPb collisions at SPS ?

- fit hadron gas model to particle yields
F.Becattini et al, PRC69 (2004) 024905)

% I quark gluon plasma
= critical end point
— 200 Fodor,Katz JHEP 04,50(2004
® QCD — Is* order phase § —
transition + critical point _ T
100 __ ‘-bgundary
® hadron condensation - hadrons
~ QCD-lattice critical point S
500 1000
W, (MeV)

® confinemen <> phase equilibria « QGP?
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® heavy ion FT physics
-SPS fixed target
equilibrating deconfined QCD
dilepton excess: flow 77— p M< M,
99— p M> M,

SN NN

J/ ¢ suppression
o distortion: o be understood V
hadron condensation:
strangeness/ 7 — models with deconfinement
hadron thermometer (fireball + data)e/
— phase transition to QGP@

| N unique future ion physics @ CERN
FT + LHC (+ RHIC @ BNL) —aq
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® DIRAC: precision low mass di-meson spectrometer

mrir and K7 scattering lengths

heavy gas
Cherenkov

\%'K, p
_J,,,T’1

aerogel

single and

multilayer : : : I- |
targets | * AR Wi k‘

absorber

1 meteF

Yacuum VaCuum

shield1

MDC, 18 planes
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Pionium or A,,_ can be produced in the interacion of
a 24 GeVic pmwoton beam with nudear famgets (eg. Ni).
These exofic atoms onginate from Coulomb atiraction
n the final state, when the relaiive distance between
2 pions is of the oder of few fm.

The aim of DIRAC i o detect »*x pairs onginating from
A, -BREAKUP (ionization) in the same nudear tasget:
These so-called “atomic pais™ are chamcenzed by small
openng angles (< 3 mad) and small relaiive par momenta
Q=3 MeV/c.

The detection of "atomic pairs" allows to
determine the A, BREAKUP probability,

which 1s a function of the A, LIFETIME.
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% 0000 :I'yplcil example: Ni data from 2000 _Accidental” & _correlated*
= -~ airs:

_% 15000 . P

=

Spedma of x*x” relive momenta Q for
accidental and time-cormelated pairs.

om pionium ionization. ForQ = 4 MeVicthe

“free pair specium dN, /dQ is filted by a
distib ution, b ased on the “accidenial p air
spedinm.

Method
g ?Eﬂ?# i Effect - “ Atomic pairs™;
-E': Eﬂﬂé— -|-+‘,,’~ nAtomic pairs T e
2900 Tl by 4y Py P [ SerdQobsenedam dnuttd

S . A A ; _ . )
0OF i : - | — predicted forall Q: — Residual pairs.
s 'I"TTH | + +IT +++ +T+l i The excess atlow Q & the signal for
25 5 75 10125 15175 20 225 ':?t?’“i? D‘?ifﬁ:! Le. x*x” pairs from
Q. MeVi/c pionium ionzation

n
&
} |

=
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® measuring low energy 7 scattering

- K~decay / U
) ~ n e

isospin amplitudes: g, and a,
- pionium — 777w 1
isospin amplitude comb®: g, - a,
® measuring low energy K7 scattering
- "kapionium" — K7
isospin amplitude comb® : g, - a,
® at low energy potential structure not resolved

— scattering lengtha, 27 . > ¢ _ o

k*
| N important test of QCD at low energy
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Low-energy QCD predictions for nr scattering lengths (s-wave).!
a,=0220+£23%  a,=-0.0444+2.3% |a,—a,=0.265%1.5%

Experiments *) using Roy equations

K—anev(K,y:

1) 1977 Geneva-Saclay: g = 028 +18% *)
(PR D15, 574)
2)2001 ES65/BNL: g =0.203X16% =

(PRL87,221801) g, =—0.055+ 42%

3) 2008 NA4S / 2: a, =0.233 = 7%(stat) £ 3%(sys) =... |[£ 7.5%]|*)
(EPT €54, 411) a, =0.0471+ 23%(stat) + 8%(sys)

K — a0t

2006 NA4S 1 2: @y —a, =0.268 = 3.7%(sfaf) £ 1.5%(sys) = 4.8%(ext) = ... [+ 6.2%
(PL B633,173)




John Dainton .
edwes  Low Energy Hadron Physics: DIRAC |
May 2008

Low-energy QCD predictions for scattering lengths (s-wave):

nn:[ag—a, =0.265+1.5%  nK:a,—a,=0.24 (1-loop) [a,—a; =0.269+ 6% (RS)

Experiments
A,_lifetime:
1) 2005 DIRAC: @, — a, = 0.264 £ 7.5%(stat) £ ;Y(sys)=... |+ %
(PL B619_ 50) _..based on 2001 data (6330 Dhﬁfl"i.- ed atoms)
2) 2008 DIRAC: d,—a,=0.268%+4. 5%(stat) £ éfﬂu(?}s) =..|% ;g{}”

preliminary _.from major part 2001-03 data (13390 Dhaen ed atoms)

3) 2008 DIRAC: dy — @, = ...+ 2%(stat) £ 1%(svs) £ 1%(th) = ... [+ 2.4%)
__after data collection in 2008 & 2009

A_; lifetime:

— — 0
R T EEA C- a, —a, =...£10% (stat)

...after data collection 1n 2008 & 2009

b on the way to checking chromodynamic yPT
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+ direct 28 in &9 NA48: €'/e 1997

rare decays
- semi-leptonic

decays g'/e 1998
e’le 1999
KHO Specgl%r?leBt/?Ir K 2000 - K% in neutral
L S final states

€’/€ lower inst. intensity | 2001

- KO rare decays

NA48/1: Kg 2002 . neutral hyperon

radiative and semi-
2003 leptonic decays

- search for
direct 2P in Kk
- mrmr scattering

NA48/2: K* 2004
2007 - lepton universality

Courtesy A Ceccucci
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Muon veto sytem

,,/“""m—w.—m—.—*"“;""",';‘:‘:;m et EM Calorimeter
'Hodoscope (L Kr‘)

Drift chamber 4
<" Anti counter 7

Hellum tank o(E)/ E=0.032/JE
/Driﬂ chamber 3 (_B 009 /E
Magnet
®0.0042

Drift chamber 2
Anti counter 6

Drift chamber 1

magnetic \ _ |
spectrometer N
O_(p) / p _ 0.005 . . \ Iar window
©0.000 09 p(GeV)I , N B\ 400 GeV/c protons from

SPS on Be target
90 m long decay tank
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THE MIRRIR Tl RIT S<€m TS
BE OPERATING PROPERLY.

=
=
H

L. Landau, 1957: "As is well known, the unusual properties of K-

mesons have created a perplexing situation in modern physics....
Invariance of the interactions with respect to combined inversion
(CP) leaves space completely symmetrical....
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From Gino Isidori:
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e matter ~ antimatter
where has all the antimatter gone?

e early Universe ”",; ig :
q
— today ﬂ; ~ 10-? e -

e Sakharov Conditions (1967)
for a Matter Anti-Matter imbalance:
- baryon number violation
- non-equilibrium (at some stage)
-Z &GP
What is at the origin of GP ?
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o discovery of GP (BNL 1964)
- indirect: R(KP— K@) z R(KO— KO)

e super-weak interaction (Wolfenstein)
- only in indirect (kaon oscillations)
- not in decays
- no other plausible experimental effect

e 3 ggenerations (Kobayashi & Maskawa, 1973)
(2 g generations no phase — CP
3 g generations 1 (complex) phase — GP)
- before c-quark discovery
- 3 ggenerations direct — £/£¢ 0 in K~decay

— @P in B-decay
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® dIPZCT¢P- :;lllll

B E B = N
- subtle differences between K and K decays to 27
due to different contributions from 7=0 and =2

R S
INDIRECT T DIRECT

i — CPV _ - CPV

“‘\
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(K %7[072‘)) (KL%”-F”_)

R ~]— 6 Re(£/¢)
(K %72'071'0) (KS %ﬂ#ﬂ'—)
T °f NA31
= 5F 1986
“ 4t NA31
w 4 f 88/89
™ [ { $ NA48  KTev
2 5k
N [ } KTeV' 57 osr09 01 97/99
:] = Wt::-t;ds ® E731
i _ E731a Average:(1.68 + 0.14)x 103
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e search for direct @ in K> mnm
- precision measurement of Dalitz Plot | M(u,v)|?
IM(u V)2~ 1+ gu+ AP+ kPR
u=(s5-5)/mz2v={(s,-s)/mp2
s =(p - pg)? 7= 3 for mwith odd charge
So=(s1+ 5, + 53)/3
Ay =(g - W+ )~ D9 1,
e A,>10-5 — direct @P beyond SM

e narrow-band 60 GeV/c achromatic beam
e concurrently collect k* and K~ decays
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= =3

- 40 - 40 N
e T KEs e e [ | Ki tinin?|
< o 7 ———————————————— —_— . — — | < o ————-————+—————¢-—————T=:——- E
-20 i -20 i O
f [1] Ford et al. at BNL (1970) I [1] Smith et al. at CERN-PS (1975) N
-4o |- [2] HyperCP at FNAL, prelim. (2000) -0 I [2] TNF at IHEP Protvino (2005) o
i [3] NA48/2 2003 final o | [3] NA48/2 2003 final ')&
oL e [4] NA48/2 2003+2004 prelim. R [4] NA48/2 200+2004 preliminary Q)

so L ! L ! a0 L L ! L |

[1] 2]  [3] [4] [1] (2] [3] [4] o

<

A" = (1.8 £1.8) x 104

[V

2.0Xx
11X

59x107 K+
3.2x107 K- s

Dalitz Plots

— —-1.5 =1 —0.5 Q 0.5 1 1.6

® no signature BSM
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e NA48/2 has closed another window of opportunity
e current observations of GP (K& B decay + mixing)
< complex phase in CKM
e precise probes for SM deviations ?
- ultra-rare K-decay
- ho SM "“tree” (FCNC)
- short distance dynamics

o experimental challenge (P326)
BR~ 10-10 +¢ 10-11 q,

+ 0
K ' -atvv K I — no vV - i

KC}L . nl_] ot o™ KC}L . ;[[-] .U+ W

- £10% crucial <> LHC physics
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e experimental method

- kinematic rejection

- photon vetoes reject

K*— P
- PID (RICH) reject
K*— v

P326: preparing for K—mvv

P
Défay Mode

ThC k f‘[I ‘['tt

k&4 UNIVERSITY OF

¢/ LIVERPOOL

Signal: K*>w*vv [ flux = 1B5 evt/year
4.8x10'? decayl/year]
K*>nn? /[ 108 % (7.5%)
3,530 ,g(Jl—ﬂpP ﬁ ;(1—'—1') %T |P NP |3
K —H7
K+—>u+v 2.2%
?"2 + +_0
F—e TV Ko <3%
-
ADther 3 - track decays <1.5%
2 K'ontrtn
41(*—)713*1507 /52\ o
Kr—>utvy fo.?g/o
| 4
K*—e*(u*) nov, others || Q’;ﬁ ne#gligi le
Expected backgroun g segif 3.59
-0.15 -0.1 0 05 | 0 - 0 5 0.1
Geszc“

I'I1ISS
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m‘

2 SPS primary p: 400 GeV/c
. Unsepared beam: HAC
1 -75GeVic ANTI 1-12 M RICH MUV
1 <800 MHz ! H [ m H

11 » T/K/p (~6% K*) | /
_: Tm'get TAX Achromat 2 K+ H H H H o I /
] Cs Yo |

Ji e S ey _——1 | | |l
D | U e T \\‘:\\ —Tf]
] L 1| VACUUM S et S :
_: Achromat 1 i i i : =< - Tl e —— _:r.

L . 1 il ~11[MHz of i mcays e

_: GIGATRACKER H H H 1 atm. i
. AN'I‘I{]I ﬂ i
g e e . o | IchJ; > Iron
1 Sensitivity is NOT limited by protons flux bt LKr

_2 Straw Chambers
| T T T | T T T | T T T | T T T | T T T | Z :
0 50 100 150 200 250
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® NA62: precision (~0.5%) measurement of
RT(K—eWIT(K—uwv) < 3% ?
- old favourite ... in modern context

L-fer'mions RLFV B ZF K — ev; N rSM(K - E[UE,) + F(K — E'?_;T) = eyt
K Z K — J”-'UI T rSM(K — J{Llfril"[') ¥ I

> o
. CR-UR eH* v, — &2 Mr A} tan?3

V2 My
. . _Ht
h@'lClTy 31 2 (31
A ~ 4—_"’RR
SUPPPZSSIOH :
V1 A3

of SM 15107 t5=40 My« =500GeV
= lepTon e—pt . mif fﬂ_ 312 U —2
universality Sicsusy =\ age )z ) 1OF] tan’) = 10

Masiero, Paradisi, Petronzio, hep-ph/0511289 PRD74,(2006)
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2
= [ The latest SM theoretical predictions:
I'(M —ev(y) | m My,
R, = =| == X(1+OR T ;
T 3 [mﬂj ik (1+6Ry/ )R = (1.2352 + 0.0001) x 104
m, R,= (2.477 £ 0.001) x 105

Experimental Situation before NA62
R, =2.457+0.032x107

T —>ceV
PDG 2006
REE(20.4%) Clark, 1972 -
1.2265(34)(44)x10™* trRiumF (1992) Heard, 1975 ¢
1.2346(35)(36)x10™* psi (1993) Heintze, 1976 ¢
rel. _.-i.
New experiments NASE (R0, pre e oM
planned at TRIUMF NA48/2 (2004). prel. | kaoN07 ~—T *
and PSI to reach <0.1% KLOE, prelim. | —e—
on R, 2122 23 24 25 26 27 28 29

T(K o) IT(K ) 107

e analysing 2007 data



Cg g?rllnADai (rjl’ron. ¢>
s Precision K~decay > 2008 | _ ==

May 2008 & LIVERPOOL

e precise probes for SM deviations ?
- ultra-rare K-decay

- no SM "tree” (FCNC)
- short distance dynamics

A

o experimental challenge (P326)
BR~ 10-19 10 10-11

+ O
K" —=>nxtvwv K 1= vy

KOL salete KOL — Y W u

- +10% crucial <> LHC physics
- rare K-decay + B <> LHC physics ?

e rare B+Kdecay for multi-TeV ?
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Onward to lecture 2
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ralis] <& LIVERPOOL
e cold anti-protons p | - - Terascale
— | Tay =

- "manufacturing anti-matter” -

PS p— pp 10-/collision g ZmPCZ -
deceleration + cooling e gL
stochastic + electron |E 1 e VLEAR+AD
extraction @ ~0.1¢c | T~
- 2002 thousands A ® . 1 ° ___>_§101°

; ?2 . — eV

(H)i : --_G F) 1.cn:m|-:__ ! :
o T S ST

DEMONS {}C T o le
N cyclotron
.. (some say) the rest is history |

tesy G Gabrielse Harvard
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Ar‘,N.D.He

cooling +
deceleration

=00 L INNY RN NN

-

N

First floor ASACUSA e

G&M
Ar,NoClsHe
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® modified extraction
® degrader foils - RFQD for ATRAP + ALPHA

® injection stacking
— intensity x 2 o 5 A

® PS beam 4 — 5 bunches " i s
— intensity x 1.25 °°Q CE U, THENAATRAP

4o

e.}ﬁ“o A7 Matching .
e quadrupoles 53

® decelerator ring ELENA 7
L) 5.3 MeV - KE; - 100 KeV &
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A
= | o =
2 P
o | S b
— >
A z position
5 !
© P
=
L
(_U R
<
>
Z position

"First Capture of Antiprotons in a Penning Trap: A KeV Source",

G. Gabrielse, X. Fei, K. Helmerson, S.L. Rolston, R. Tjoelker, T.A. Trainor,
H. Kalinowsky, J. Haas, and W. Kells;

Phys. Rev. Lett. 57, 2504 (1986).
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e cool pvia collisions with e
e eradiate away excess energy

>
o

>
o
o —
= P
L
8
>
<

' M electrons €
10 ns pulse 15 nm

Ly cool and condense with e — H?

"Cooling and Slowing of Trapped Antiprotons Below 100 meV",
G. Gabrielse, X. Fei, L.A. Orozco, R. Tjoelker, J. Haas, H. Kalinowsky, T.A. Trainor,
W. Kells; Phys. Rev. Lett. 63, 1360 (1989).
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Accumulating Antiprotons — just a matter of time

0.5
Can stack this number

0.4 n a single well, for more
S need multiple wells
4 - ATRAP’s good vacuum
£ £ 5% 1017 Torx
E 01} allows such stacking

(ATHENA and ASACUSA
0.0 : ; : ' : \ -1 1
¥ L 95 = o 5 2 use stacking but with less
bunches stacked bllIIChES)

First Demonstration — Antiprotons Stacked in a Trap
G. Gabrielse, X. Fei1, L.A. Orozco, R. Tjoelker, J. Haas, H. Kalinowsky, T.A. Trainor, W. Kells

Phys. Rev. Lett. 63, 1360 (1989)

“Stacking of Cold Antiprotons™
ATRAP
Phys. Lett. B 548, 140 (2002)
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2 ¥aYaYa)

Apparatus and Goals:  Compare H and Hbar ..

- CPT tests via spectroscopy
- Gravitational acceleration

- CERN AD is unigue facilityl

.. nested pbar and e*

Penning traps, 4K electrons
and stacked pbar

ATRAP | (= 2004)

ATRAP I (2006-)

& >
,5:5’ $“‘$ - new solenoid
B

{é\er

& MeV =
antiprotons 8

- larger apparatus .. many
more Hbar

- room for laser access

- room for magnetic traps

Faraday

laser cage cage - room for annihilation imaging

barrack —1meter -. From demonstration to factory
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e Hmade at non-relativistic energy -

- excited anti-atom n~ 30 R T
e Hannihilations detected 7
- ATHENA (— ALPHA) T

H (pe*) + matter — mm + yy

e Hstripped — velocity e i ~ :
1 ATRAP - }}:
H (I—D-e+ )+Ef Ield — /E-'- e’ _ﬁ PFU?U;EG“ electric field H detection
in nested trap ionization region well

L produce Hat n=1,272
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e trap both pand 4

Penning Trap Electrodes Ioffe Trap Addition

pinch
electrodes racetrack coils coils

b cooled by electrons | (

10cm p location for stability test
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e Anti-hydrogen Laser PHysics Apparatus
- 1525 2-photon H spectroscopy (cf H for CPT)
- trap neutral A
- detect Hannihilation — charged particles

- ID ffe-PfitChﬂ‘I;d G%Glﬂﬁ“[l'y trodes Detector Liquid helium vessel
<—b TV i — - ) A |
' Y v
< \ 18\ |
R P : P~

AD vacuum - Trap vacuum

Chuzer solencdd
BN Imper solepaid
R Multipole
prI'S — == Mirror coil
==l :
R Detector  Mirror coils Supecondicting

solenoid

cal scale1:2
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P-bar Catching Region Mixing Region Positron Region Positron Transfer
243 mm 382 mm 232 mm
1% T 1 H

HY

HY

Inirsair chgmiad ar
4] mim

hoe

10+

e all inside solenoid

r/rt
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Trap vacuum Solenoid bore. Inner
diameter 260 mm.

Detector volume
green.

0 2 4cm
I —

Liquid helium vessel wall Mirror coils

and vacuum barrier. Diameter

Ext.dia 50 mm. 86 mm. Not

2 mm stainless steel. present at axial
midpoint. Included

to show clearence

Dewar vacuum

wall. Ext.dia
Multipole windings 140 mm.
8 layers. 1.5 mm

Stainless steel

Dewar vacuum

Liquid helium vessel wall.
Ext.dia 110 mm.

2 mm stainless steel. 80 K shield. Ext.dia 126 mm.

0.5 mm Aluminium with
30 layers superinsulation.
15 microns mylar each layer.
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. B,-field

ALPHA
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3 T in catching region, 1 T in mixing for

larger neutral well depth

= Al PHA calculated

— combined
—m— Final degrader

» T
c
me
£ 8
0 0 R
= 0 & O
S c c =
8o«
..I...I.H
s 5 Qo
= Cc O Jd
I W Ao <

—=— Start thin electrodes

—&— Magnet centre
—— Dirk NEW

(1) piay jeyo L

600 800 1000 1200 1400
mm from BE

400

200
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1.2 to 8 AD shots — trap ;
2. p+ € — mixing region + ramp up ¢

A in 45 s)
3. inject p to nested well

— mix with e*
4. after mixing dump charged with L

E- fields 008 1
5 dump magnehc Tr'ap Octupole current
6. annihilation events from escaping heutral A ?

2.3x106 5+ 5.6 x10% &t —> 2

analysing many such cycles
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e precision laser spectroscopy of p3He p4He

k&4 UNIVERSITY OF
May 2008

188 T Yamazaki er al | Physics Repores 366 (2002) 183320
Ensrgy (a.u.)

—_ + Ha™ -ED———————————.- ______

p He Atomcule : a

' lonized pHe®
= 0.90 a.0u. | I EE EN EE EHE
] "2 eV hhm e mm =:E!E!I!!
L TR L .I=:=—_-E
. -----I__=T = MH
. " P ‘ - __"==___._: o nan— Mg =37 20

mm B e B

-E'ﬂ _H [ || — e EIET

He™ HE

Fig. 1. {a) The stucture of the fHe™ atomeule, in which the p with large-in, [} quantum numbers circulates in a localized
orbit around the He™ nucleus, while the electron oceupies the distributed 1s state. (b) The level scheme of large-(n, /)
states of the PHe™ atomeule. The solid bars indicate radiation-dominated metastable states, while the broken lines are for

Auger-dominated short-lived states, The significance of this categorization will be explained below. The ionized fHe™
states are also shown by dotted lines. From Ref. [2].
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e pHe* — p/ e mass ratio

Antiprotonic Helium
417
ms 1 1y > ¢
ﬂlfn,f—m',f’ = Rc P esz = o :__H . é* | €——372 nm
M, T e T !'

=== CODATA 98
(36,34)
mp/Me
o CODATA 02 417 nm
mﬁfme —— —T
AE
ASACUSA 2006 ﬁﬁalj
2_
2007 goal — — . =mcapucieg ST

sub-Doppler

%

65 7.0 7.5 x10°
Mass ratio -1836.1526 (34,32) mmm—



John Dainton :

CERN Acadenic ASACUSA | D e
May 2008 % ﬁ&ﬁiﬁ&éi

e catch, cool, compress p
Catching trap Cusp trap e’ trap

TET t|-=l. = 2 N o
|||:|II__ |I 1| I:Ei-=1

simultaneous p e* trapping

H formation (trapping?)

Patenial
|
."III
/
/
L

3D imaging of p annihilation oV P
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— degrader foil
P - 100 MeV/c 2
~10-* efficiency:
99.99% lost
ELENA
0 MeV 100 keV | 5 keV
_,|deceleration |
e-cooling

¢ ultra-low energy
® compressed phase space

ox 104 p

® international collaborators ?
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Beam from AD Injection/ejection Ejected beam
R septum -7
g BNty ot D_D_% Momentum, MeV/c 100 - 13.7
A Energy, MeV 5.3- 0.1
%/‘a . ] Inj_e ction M:l\ltipole & "
EIJ:?CEOH Kicker odulePU(4) Circumference, m 26.062
1CKEeT
Emittances at 100 keV, = mm mrad 5/5
Schottky PU T
§ 1o(ilgoigldyina1 Scrapers Intensity limitation by space charge 1.1107
tra}s:%?mer RE Maximal incoherent tune shift 0.10
Orbit PU (4)
Bunch length at 100 keV, m / ns 1.3/ 300
. Expected cooling time at 100 keV, sec 1
! & 0 Electron cooler % i
| = ! Required vacuum* for A ¢ =057 mm 3*10-12
e O0— ! mrad/s, Torr
| X Va | IBS blow up times for bunched beam* 11/-91/
i Compensating solenoids i (& x,y=bn mm mrad, Ap/p=110-3), s 0.85
5 i i * No electron cooling is assumed

ELENA layout

ELENA basic parameters




John Dainton

CERN Academic

Lectures
May 2008
® partghigshnuctung: Rl diesnuc
2 107
Py E o x = 0.000032, i=22 +
& ~ L ew  x=000005,i=21 ® HERATe'p (prel.)
100 o oee—  Xx=0.00008,i=20 0 Fixed Target
> = . x = 0.00013, i=19
@ T o x = 0.00020, i=18 [ ] HERAIPDF (prel.)
© B ,,r"""““ x = 0.00032, i=17
10° ,;ﬁ":... x = 0.0005, i=16
S x = 0.0008, i=15 . .
- M x =0.0013, i=14 INC I usive
104 M x = 0.0020, i=13
g W x = 0.0032, i=12
L . W x = 0.005, i=11
10° /’"’Wm x = 0.008, i=10
& W x=0.013,i=9
B x=0.02,i=8
5 W
107 = oL o-ees—s—seeeseesseseseee x =0.032, i=7
= CEmOEE—e——Seeeeoeseeestese o x=005 =6
10 & OEGES 00000000 000000000 x=(08,i=5
- x=0.13, i=4
L I b n x =0.18, i=3
g x =025, i=2
-1 .
10 = x = 0.40, i=1
0720 x = 0.65, i=
3 [
10 \‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L Ll
| 10 10° 10° 10* 10°

Q% GeV?

6. Spin in Hadronic Structure

eon

o0
=) i
S
N/-\
= & |
S
0|
=)
>
-
o
—
(@)

HERA Structure Functions Working Group

K4 4

The Cockcroft Institute
of Accelerator Science and Technology

UNIVERSITY

&/ LIVERPOO

- + x=0.0346

simple fit
NLO QCD fit
HERMES
SMC

EMC

spin
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d, 9 momentum

Ag,ANg (e~ - helicity

ATq @ - @ transversity (alias A)
o 3 "twist-2" PDFs

etransversity chiral-odd PDF

e in semi-inclusive DIS if
coupled to a chiral-odd
fragmentaion function

e Soffer bound:
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+ 250 physicists from 10 countries

- fixed-target experiment at unique SPS beam-line
muons (160 GeV/c), pions (<280 GeV)

» world-largest polarised solid-state target

- full particle ID
RICH, ECAL, HCAL

* novel detector types
Micromegas, GEMS, ...

* LHC-grade data rates
presently 8 TByte/ dayr\

- data taking
start 2002
muons till 2007 '©%°
pion beam > 2008
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® nucleon spin puzzle (CERN EMC 1980s)
-5,~03¢g+?
- gluon contribution shows up in 49/,

COMPASS, open charm, prel., D2-06
* p p
® COMPASS, highp, Q%<1 (GeVic)?, prel, 02-04
v COMPASS, highp . Q%1 (GeVic)? prel, 02-04
Q) 1 HERMES, highp _ all c?
) HERMES, single high p_ hadrons, all G7, prel.
¢ m 0.8 ] SMC. highp_. P> (G;wc;?
Q sm--e--eo-fit with AGSD, pZ=3(GeV/g)?
h' h 06 . fit with AG<0, p*=3(GeV/c)® I
9N Pr 0.4 | A—
o 0.2 l
C - N I
4&_}}\ R —— 9= ——
-Dlz :_ i .
0 n
AG (x)dx o
0 g 0.61 l
. 7 -0.8[~
L large A& unlikely : T B

-2 -1
10 10 X
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e quark contribution to spin AZ from g,(x)
precise measurement of ¢,9 at low x

AZ=0.3 i0.0Zl

®* COMPASS
* SMC

— fit withAG>0
_~ fit withAG<0

-~
0.03
<

=~
% 0.025

= 0.02

0.015

0.01
0.005

0
-0.005

_|I|||‘IIII||||||||||‘IIII|I||||IIII‘|||I‘|

-0.01
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Collins/Heppelmann mechanism Sivers mechanism
transverse guark polarization and spin-correlated transverse
spin-dependent fragmentation momentum Ky
(transversity) (orbital motion)
olarized s aa: potarise
Ppr()t{)n IﬂlTlGl proton
state
% S proton Sj)m ton
Pg= Pheam Pxx Py
- L
A oe e
jet . 0
or’ 4 ;
final ﬂ’l()l‘()n Phream * Py
state jeam “Pbeam
unpolarized unpolarized
proton proton

from L. Bland
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e hadron beam > 2008 \\/

190 GeV/c n K

.. H
+ hydrogen target 0<

e central kinematics /\ J

A

Tfast

glueballs P
e diffractive dissociation- *7(1400) %
hybrids, i - L ‘
. {e=+41, p¥ [f-2(1270), Pomeron
exotic quantum e=-1; 1, f1(1285), 69(1235)
humbers

- -

P P
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e quenched QCD-2007 T e T
" y 8. ; - : g ]
M(hybrid-uu): 1.8 GeV ¢: ABE Converlionel Whaon, pleq -
. :JF [Z-T}SXI?E{%IBE?}EDI} %1125?0221150 ) ¢ il
/M(hybmd_s's‘); 2.1GeV 6 [x: SESAM (n,=2 Wilson) ]
5 | E @15@%1' :
< 1 gk * % i
E—I' 4 :@ T —
12 | — 1 | 7. (1400) i
10 | 27— % — 4 2 | — _
g*+ 3+ 1 — .
8 | . . ]
o 2 T N | | | | 1
E +_ g 0 L1 1 1 L1 1 1 I A | I I L1 1 1
S 6 [ ot O <L 0.0 0.2 0.4 0.6 0.8 1.0
++ 12 (mps/mv)g
4 07—
| 1 Glueball spectrum lattice
Chen et al., PRD73 2006
0 0
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e the strong CP problem
- no P in QCD
- no QCD phase ©
- Peccei-Quinn mechanism
© — SSB field « axion (low mass scalar)
e experiment
- Vacuum Magnetic Birefringence (PVLAS OSQAR)
- photoproduction.in Sun: yy— axion (CAST CERN)
- DM galaxy halo: axion — pwave y tunable cavity
(ADMX LLRL)
- "light shining thru walls" yy— axion — yyFEL
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CAST =

inverse Primakoff of solar axion
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T T TTTrael T 0 TTIr T T RTTIT T T TTITIT M 1 INCTIR T I ITn He

— 107E
® pressure E{__
densi‘ry ® 10°E
— refractive index
— larger M yion 10°;
® He da‘ra-’raking H:"mg CAST phase | " -
underway ; Y
— > hot dark 1o & :
matter limit : 5 :
Myion(@V)

b CAST: unique sensitivity
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e photon regenera’rlon OSQAR

P. Sikivie, PRL 51 (1983) 11415 K. van Bibber et al. PRL 59 (1987) 759

In the limit gL<<1 7 (22,23 ( 22,20

Pla—y)=P(y—>a) ~ e aE E”HB =
hv 2 l__é’M Sl em

4M

Optical Barrier

Solid state Laser

photon counting with
chopped Laser beam

with chopper

_ Detection: Synchronous
Polarization /f & L B l

PMT ar
Avalanche PD

Lock-In of the
laser frequency to
the FP cavity one

Axion Source
Optical resonant cavity

Optical isolatot Polarizer 2 aperture of a LHC dipole magnet

Nd-YAG laser: Power P =0.1 - 10 kW ) |
% = 1064 nm Expectations: Improvement / the present reference

Optical cavity: F = 104105, 1 =7 m result of Cameron et al. Phys. Rev. D47 (1993) 3707
Detection part: L = 7 m | ~ R x 107 with 1 magnet & 100 W
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* photon regeneration: laser + LHC magne’r

Weekend & night activities
to solve Resources & Safety Issues
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e photon regeneration: laser + LHC magnet
330 o
Time integration = 180 s S
280 P = ::L/
P e e e e T e S
o == - T
2307 /7 — LaserOn&B=9T
; —- Laser On & B Off
.g 180 7 Difference
E == xpected Signal (FVLAS window)
O 130 4
80 -
30 -
-20
0 200 400 600 800 1000

Pixel number
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VMB & Linear Dichroism measurements for Axion
Search: Principle & Proposed Optical Scheme

4>

The Cockcroft Institute
of Accelerator Science and Technology

k&4 UNIVERSITY OF
-y =

[DOL

Axions = Change of P. Pugnat, L. Duvillaret, M. Finger, M. Kral , A. Siemko, J. Zicha,
the linear polarisation Czechoslovak Journal of Physics, Vol.55 (2005), A389;
of a laser beam after Optical scheme with inputs from D. Rom»s-

propagation in the

2
vacuum with B LﬂserwityﬁmmwyL — %Q'$

transverse: locking MD'IE‘Hl

— Elliptical
— “Pseudo”-rotation

Background for the
ellipticity coming from
the QED VMB

C
C
N, | Rotating A2
High finesse cavity

— Physics is
guaranteed

‘1..5 IHE UHaum_D

Very small g

L. Maiani, R. Petronzio, and E. Zavattini, Phys. Lett. 175B (1986) 359 ‘

Pol. Analyser LHC dipole magnet

Field Modulation at 1-10 mHz
& dedicated filtering techniques
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e neutrino (v) flavour eigenstates z mass eugens’ra’res

- oscillation in probability for given flavour

oscillation phase 27 ¢'L | 557 A" L GV
4hE eV’ km F

® 51]12{25?13“3 < (.19 at 90% confidence level (G4 < 13%) [3]

o tan’| €12) = 0. —’15+H H!i This corresponds to s = G = 33.9‘@% ;2
! E p + R . i i

® sin (26, = 175 | - comresponding to O3 = O, — 45 L 77 ("atm

® Ami, = Ami, =801 107"V

° Ami ~ Ami, = Ami _ — 24705 107 eVv2

® 3 . and oy are unknown

L - appeamnce?
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73,732 Km

-
) N
'\

R GRAN SASSO
@entary with NUMI

> Provide an unambiguous evidence for v, — v, oscillations in the region
of atmospheric neutrinos by looking for v, appearance in a pure v, beam
» Search for the subleading v, — v, oscillations (measurement of ©,; )

= Beam: CNGS (approved 1999)
CNGSI (approved 2000)

= V. appearance experiments

4

NO near detector

CNGSZ (approved 2002)
Limited to 600 tons in 2005
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—
=

nurmm ber of events
=
=

0 -

100

number of events

| Multi-GaV adike

SuperK 1998

CNGS |

From Kamiokande to SuperK:
Atmospheric neutrinos
anomaly intepretable in
terms of v, — v,
oscillations

ho v,—v,oscillations
= 0,3<11°

The Cockcroft Institute
of Accelerator Science and Technology

k&4 UNIVERSITY OF

¢/ LIVERPOOL

&’ (eV!}

E
o - — analysis &

CHOOZ (reactor experiment) |

V.= v,

CHOOZ 1997

—

— analysis B

— analysis C©

@ 90 % UL Eamiokande (multi- Ge¥)

B % \okande (sab+multi Ge)

o.e I
sin'[28
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Despite compelling evidences of neutrinos oscillation at all available sources:
Sun, atmosphere, LBL reactors & accelerators

E

| Parameter space allowed ab 26MeVprompt 5 Ramd AND dats Parameter space allowed
for solar neutrinos and by - e beStonilaion DINRURER At erelided

“KamLAND T by : E_b}[:CHOOZ and Palo Verde

@

KamLAND+Eolar fluxes

SK 90% C.L.

SK99% C.L.

CHOOZ 90% CL exclude
PALOVERDE 90 % CL exclude

W global best fit
1 L

1 1 1
P I B 0.2 0.3 0.4 0.5
0.4 0.5 0.6 0.7

2 s;ian)13
1 1 T~ 1 = 1T ™ T ™ | SO b | T T T
- 1 4 L/E dependence of the measured to
| Parameter space for | _ Ao i it || expected fluxes rafio of atmospheric
- atmospheric neutrinos | f— : v, by Super-K

- allowed by Super-K-—"] : ‘

tagged by identification of |- emitted in CC interaction
(only /indirect evidence from NC measurement in SNO, and soon in MINOS)
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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shal
= SPS/ECA4

Excavated

B Concreted
Decay tube
- (Znd contract)

SPS tunnel I/l protons - =
TT41 } Access gallenies

LHC/TI8 tunnel '

dl
Target
chamber g /f Service gallery

LEP/LHC tunnel 2
y By

[1#1g'te
SONS /

Decay tunnel

Hadran stop
and first muon detector

muur}s -.
neutnnusi/

Connection gallery
to TIB/LHC

Second muon detector .25

06 /2003

neutrinos i
to Gran Sasso
CERM-ALC-DI-MM

3
" *
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CNGS

Given the distance

CERN-LNGS:
v, flux optimized for the maximal
number of v, charged current
interactions 1

(arbitrary units)

T CC
AM2Z2= 3 103 ewv=2

O.4

0.35

0.3

0.25

Yy Jluence at Gran Sasso (pat GeV o i t

3
E
9
E

2

Piemonte

Alessandria

Emilia-Romagna

The Cockcroft Institute
of Accelerator Science and Technology

UNIVERSITY OF

LIVERPOOL

l-u-ﬂﬁ.ﬁ.-uu-;-uu-’

n
gy p R R E R AL L eyt

732 Km

<Ev > B
(v +v,)/v )
v, /v, 2.1% e
v, prompt negligible i

Neutrino
spectra

CC events / ton / 10"3pot

06 =

05 |

04 =

o3 -

0z =

Beam radial
distribution at
LNGS

9~P7_0.03GeV
pr EfGeV]

1.6°Km HWHM

3 mrad a'r 10 GeV

EDW'

4000 5000 E000
Distanca from baam axls (m)

o IDW KIUO
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||”“i "'Ii ik :il‘lﬁp;h_;

ramg o |
||||||
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el I
Veto plane Target and Target Tracker (6x7m)?
(RPC)
High precision tracker Instrumented dipole magnet e Target : 77500 bricks, 29 walls
e 6 4-fold layers of o153 T
drift tubes e 22 XY planes of RPC in e Target tracker : 31 XY doublets of 256
both arms scintillator strips + WLS fibres + multi-
Muon spectrometer (8x10 m?) anodes PMT for

 Brick selection
« Calorimetry
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= trigger for a neutrino interaction
= muon identification and momentum/charge measurement=> need for an hybrid detector

Electronic detectors: Emulsion analysis:
. piarget - - Spertrometer Vertex, decay kink, e/yID,
multiple scattering, kinematics
/

Pb/Em.

Pb/Em. bric Link to mu ID,
b K walbit

LUIpeEt 1 asic “cell”’
e q.fl!.:ﬂ;:: H !'E : i
Eﬂi:::il |lﬂ$-n1‘-- 50 i
: I"l!! TN ean lnﬂ*.,t::-.====:
I i N ——
2

it
T -ty N

—8ecm S Fb Emulsion 1 mm

Sm

| Extractlsélect

A

__~ brick
Brick finding muon ID, charge and p




John Dainton
CERN Academic
Lectures
May 2008

OPERA

TOP VIEW

Kjem)

400

O

.

|3

— 200
—E2E0
—240
=260
=280
—300

=340

II|1

~320 Egaleeted bidek "

—B00

x—z projection

350

00

50

200

150

4>

The Cockcroft Institute

of Accelerator Science and Technology

UNIVERSITY OF

LIVERPOOL

TOP VIEW |Herizonial projecian)

IIIFIrlIIIlIIIllIIlII

=100

U, B L F KT O L

Selected brick

T

~ Muon track

-700 —E&50 —-6DO0 -—-550 500 —450

—a403 350
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Primary lepton

is fundamental

-400

mu;— Vu,e M,C' not identified
xf—| N N | . s o Charm production in CC,
= 2 l e+  common to the 3 channels
B Same decay | h* : 1. 1.
200 topology as Good muon idenftification

1 2 - 1 . | 2 : : ; [
100 -500 0

During the run in 2007 we have observed,
out of 38 events, one CC interaction
containing a Charm decay as expected. The
2 muons can be identified inside the
spectrometer as stopping tracks.
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For 1 year of CNGS operation (200 days), we expect:
4.5 x 101° protons on target in shared mode
(Ongoing studies at CERN to increase the intensity x 1.5)

Event rates in 5 years

OPERA ) for 4.5 10%° pot /year
1.35 kton 5/B ~ 31073
19572
V”CC VTCC interactions
v, NC 2880 Am? OPERA
V. ccC 411 1 x 10-3 eV? 20
LL
-3 2
VeCC 156 2 x 10-3 eV 80
. 3 x 10-3 eV? 180
V_CC 13
Total 26032

Additional 10K events in the OPERA magnets
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® HARP - impacting on v systematics
challenging measurement - small angle on nuclei

drift chambers ) time-of-flight

scintillators
~ beam-muon
. identifier
4

Ielectyqn
identifier

HARP

PS 214

%Q?

S

cosmics
trigger wall

TPC + RPCs in
solenoid magnet

threshold Cherenkov
dipole magnet

T9 beam FTP + RPCs
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S & best osc. fit ]

events/0.2GeV
N B OO
[ [
|
|
|
)
c
X
*
(@)
o

Ev. GeV

Reconstructed « single ring »
Quasi-elastics in SuperKamiokande

==> spectral shape + normalization
show oscillation

Am?2 [10-3 eV?]

>

H A R P The Cockeroft Institute
of Accelerator Science and Technology
K4

K4 UNIVERSITY OF

¢/ LIVERPOOL

K2K results

M. H. Ahn et al.,

K2K Collaboration, Phys. Rev. D74
(2006) 072003

6_ T T T I T T ' I
5 .
4 ¢
3¢
2 ¢
_ . K2K 68%
- K2K 90% i
10 =eam- K2K 99% .
T — SK L/E 90% ]
%2 04 06 08 1



John Dainton d ¢>
CERN Academ|c 9 O n Wa r' S The Cockcroft Institute
Lectures ° iy . NMI \‘/ ‘E SP 555555
May 2008 ; &/ LIVERPOOL

® AD programme onh-going to £PT ?
e PS: DIRAC + CLOUD

® SPS: COMPASS
- completed muon programme
- preparing hadron programme
CNGS — OPERA
new K-physics: NA62
P136 R&D for k—>mvv
NA61 pA for HI vand cosmic showers

® astro-particle physics CAST
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- AD programme on-going — SPT tests
_PS: DIRAC (until 6SI FAIR)

- SPS: COMPASS - hadron programme
CNGS - OPERA (ICARUS) (until T2K)

K— mrvv physics from 2010 ?

NA61: heavy ion 4*th generation ?
- "photon science”

scalar fields and VMB (OSQAR) ?

® high quality results still from "old" experiments
far-sighted investment pays of f

&) FT programme is unique: only possible at CERN'



