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Introduction:

Moriond (Electroweak)

Real 'physics’ conference

Calorimetry 2004 /

Real ‘hardware' conference.

Disclaimer:

Most of the sheets are taken

directly from the talks given
at Moriond.
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® Small and very nice conference, but still: 90 talks |

Experiment:
. . — in2
EW results & precision measurements | TP quark mass, g-2, s in*(6,,)
Babar & Bell + frustrating sheet

B-physics
Searches and SUSY
Discovery of new particles

Dark matter Discovery claim
What is happening

Higgs at Tevatron
Penta-quarks

A

Neutrinos

TALK
Theory:

. . why and how can we seen it
Large extra dimensions —
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top quark

8 sheets
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Top quark production

production Final states

11

W->qq (2/3) and Iv (1/3)

lepton + jets. Most /
sensitive

Di-lepton. small statistics

Large QCD background
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Tevatron run 2: CDF

di-lepton Lepton + jets
ST IR Ty CDF Run II Preliminary
e 126/102 pbt | € minar
i - k2
5 R = Dafa (22 evts) T
> 3.6: ;ﬁ E ?:_I—I 5 a8
S s | 1 s :
E I:_ s | dat ﬂ g be
E (}8- OO DATA 4:_ VR E I TR R T b B R
° F B Monte Carlo 3:_ Top Mass {G‘WGZ}
= 0.6 (M=175 GeV) C
o or
E 04 -
- {}2- k3 %
U e gzﬂ 1DD120 140 160 'I EHE 22!] 240 260 280
100 150 200 250 300
Mass / GeV

6 events (0.5 background)

Reconstructed Top Mass, Tagged Events (GeV/c }

22 events (6 background)

Run IT data, ~126 pb-1
m,=175.0 *174 . 5 + B.4 (syst) GeV/c®

Run IT data, ~102 pb-1

m,=177.5 *127 o . + 7.1 (syst) GeV/c?
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Tevatron run 2: DO

"First we have something to say on our run 1 result.”
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Tevatron run 1: DO

New Approach.i_s to cal;ulate per event probability to be a tt
New DO C(HCIIYSiS ‘rechnique: event. Probab|l|ty density
N P(x,M )= jdu v. M )dg dq fq) [ (q )Wy, x)N
® Compute event-by-event probability Z o) ¢ 1 /" [Franstor fanction
Mass-dependent, Differential Xsec PDF's Relating partonic
Match measured 4-momenta to reconstructed (LO Matrix element + Variables to
. . _ Gl phase space) Measured quantities
expectations for signal (m,,, =
170,175,180 etc) and background. Event Probability P(x.c,e, M) = ¢, P (x:M) + ¢, P, (x)

® Use only 4 jet (clean) events (22 events instead of 77 previously) & all combinations

5 (L)
Basically same as e

- instead of < m >=
difference between: <m->= ;- Instead ol <m>= ;Zz m;

Can it be so important ?2? YES!
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Tevatron run 1: DO

- 4

L{ Lmex
T

®Improvement in statisticdl error is
roughly 1.5 (comparable to 2.4 fimes
more data) 02

04

H 1 1 1 1 1 ﬁ 1 | 1 1 1 1 -
165 10 175 18 185 90 195

Top quark mass (GeV/c?)

SAME DATA

stat) + 5.5 (syst) GeV 91 events
stat) £ 3.9 (syst) GeV 22 events

DO I+jets (old) m,
(new) m,, =

As if you had 2.4 times more data

M, moves up by ~7 GeV lll

top
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Relative weight in fop mass average

DO lepton + jets \e

Teva'h“on B CDF | CDF CDF di-
I+jets alhad  leplon
New top quark mass averages 00l M 0 ol

TEVATRON RUNI (old)  m,, =174.3£5.1GeV
RUNI (new) m, =178.0£4.3GeV

? M,,, moves up by +4.7 GeV

RUN2 (l+jets) m,, =177.8%7 +6.2GeV

Influence on rest of EW physics results

April 2004 Ivo van Vulpen
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Another example: Influence new top mass on tan(B) exclusion region from LEP:

[ I
=
&

lﬂ:-

In MSSM benchmarks: m;,, = 175 GeV — Maximum m,: in the MSSM < 135 GeV

.1 " opA
'm,=174.3 GeV
hA [l ey

|
tn,lzlﬂﬁl GeV
LY

m,-max benchmark scenario

LEP,

® Computation of m,-max:

Loop corrections oc m*,
FeynHiggs:
higher order corr. -> Am, = 3 GeV

Amy,, = D GeV -> Amy = 5 GeV

® LEP-excluded tan(B) region
will shrink

1 i

T hZ

ﬂl“l“lliﬁil'].l” 100
Scenario m,, m, | Excluded tan(p)
M, -max >91.0 | >919 | 0.5 < tan(p) < 2.4

April 2004
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Impact new top mass on the electroweak fit

® Example: W mass. contributions from:

t 2
H 0., ocm In(m
Oy i)
b i
Eﬂ-E T T T T vt 1.1 1 1 1 o 6 . e _—
T — ata, with o
— LEP1 . SLD Data %4 "-: world-average Mtop
LEP2Z, pp Data 5 - %+« All data, with new
80.5 - — world-average M,
. P al old
ﬁ CDF/DO
-l -1 ] - .
O goall 2 _ A "
= 1l goall m. | ]
h
€ faln 27 ; new
80.3 ]
. 1
] IT'I_| [ e . J - by direct 3 r
80.2 114 1 Fraliminary 0 searches oy -
a L L I L e L I ! " ! T T T T 1 T /1 | T I
130 150 170 180 210 20 100 400
m, [GeV] Higgé Bosoh Mass [GeV/c?]

Old (new): m, = 96 (117) GeV
m, < 219 (251) GeV @ 95% CL
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4 sheets

Electroweak

g-2

April 2004
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Anomalous magnetic moment of the muon
g-2 collaboration final results

CERN p* o—10.3 ppm
CERN |J_' L— 9.4 ppm
BNL97 u* < 12.9 ppm
BNL98 _LJ_+ T 5.1 ppm
BENL99 _LJ_+ - 1.3 ppm
BNLO0OO _LJ_+ L 0.7 ppm
BNLO1 u” £ @
I 1 1 1 I 1 1 1 1

1165.9 1165.92 1165.94

a, * 10°

"Compare to SM prediction: there is a 1.4/2.7 sigma deviation"

Depends on e+e- data or tau data

April 2004 Ivo van Vulpen
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Theoretical computation of a, [ (g-2)/2] part (1)

.zrw can be expressed in terms of its various contributions

ﬁH_f;QED+{FEPF _|_{I,HLEL_|_”J:T;HIP_|_”HDHFF
SM Term dy % [t Aay % Tt
[ OED | qiccaicaon 1 naim |
(i 11658471.94 0.18
= 15.1 04
o 12.0 35
alVere 694.4 7.2
1oy 10.1 0.6
¥ | e f S¥et 108 viics ia mia Alao nerce
(1) light by light scattering: theory! e e
, Tedious work. Done by 1 guy basically.
H " Sign flip found in 2002 (PhD student from Marseille ??)
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(2) Hadronic vacuum polarization: experiment (2 ways to extract it)

i ® Cannot be calculated
[ , ) L _ . B )
v R(sY ., . olete” — hadrons)
c,-f F e f—fxl:_wr].:."_w._ where R(s)= .
5 olete” s utu)
Amig

(1) CMD: e+e- results:

F ® Claim 0.6% uncertainty, but new rad corr
i shifted cross section by 3%

E \ - i £ ® Region < 1.8 GeV dominates
q :IDIE.I.M:]'-\.I.‘I:?"I_H-II-EI L1 |1| 111 |}|5| 111 !| 111 |3|5| L1 |.|1| L1 |4|5| L1 |:5 o They were alone (Check needed)
(2) Tau decay s [Co) Now confirmed by KLOE (radiative
events). Maybe BaBar and Cleo can
® Gives different e+e- -> hadrons do something as well
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FINAL
Muon g-2: new results

Brookhaven, January 2004: u- measurement.

a," —a, =270+100-107"

: - i
Y & { | (based on Davier etal., 2003, e+e-)

ax 10™ - 11658000
B B
:II s |
r
[
2
=]

8.k

" @ — SN =123+89-107"
" Experiment Theory
150-

Arkady Vainshtein: new analysis (tau)

April 2004 Ivo van Vulpen
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Electroweak
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SLAC E-158

Measuring Parity Violation s
in Mgller Scattering E = 48 GeV, Q2= 0.03 GeV?

i (. I
.."4”" -

For a polarized electron beam and O, T0,;

an unpolarized electron target, . 3
A c(1-4sin~ ¢, ) tfree level: -3 107

E158 Goal: &sin%0,, = +/- 0.001

Best measurement of 8, away from the Z-pole

April 2004 Ivo van Vulpen 19



o A= -160 + 21+ 17

o]

0.2306+ 0.0023

Qw(Cs)
Significance of parity non-
conservation is 6.3 sigma !
|5 q rMuTev
Translate to sin?(0,)
N \\»

PDG2002

0.2361+ 0.0017

0.23113+ 0.00015

0.2292+ 0.0022
E158 projected

1.2311 + 00006

0.22
Still the old NuTeV 'discrepancy’

.22 .23 0235 0 05 025

2 AMS 2
Sl (MI)

April 2004 Ivo van Vulpen
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neutrino-nucleus deep inelastic scattering

v, \\,//r,,/ H probe strange sea
v and anti-v beam

Y@ clean events

nucleus
hadrons

Measure sin? 0,, through NC CC cross section ratio:
For and against PR

Paschos-Wolfenstein: %) PR is Based on isospin sy mmetry
It s stméle against oy emd MT corrections
o€ (VN )- (}'NC(FN) 1, 5 PR holds for Bobh diff. and dot, x-Sections,
= _——Sin
oc““(VN)-c™“(VN) 2

W ©PNR holds for an isescaler terget (05, D)
dned must &e corracted for wam-(sogcalarily o
in Beavy nucled. PWR is winleted § s ¢ 5,

PR it viclated 1f /S0Spin symemiry 5 net anact
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Extracting sin?(6,,) from DIS cross sections:

|
o qin? Nuclear effects due to
R sin” @

- 2 target corrections

More precise corrections:

(1) Z protons and N neutrons (10 x experimental error)

(2) QCD radiative corrections
3(sin?(0yy)) = - 0.5 o, rey (towards SM value)

(3) Fermi-motion and nucleair binding effects from target
@ 3(sin?(0yy)) = - 0.5 op,rey (towards SM value)

NuTeV shifts towards SM value (almost 1 sigma) !
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4 sheets

B-physics

Babar/Belle

April 2004
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BABAR and Belle attacking the CKM matrix from all sides

2 odd things

(-

Do they agree on everything ??

Are there anomalies left ?2?

CP violation in BO->n*rt

April 2004 Ivo van Vulpen
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Belle B->¢K, 3.5 & deviation from SM | Jeroen van Hunen (NIKHEF)

Difference between J/yK. and ¢K,

B {b > > C} J /\V ) | NP contributions to B —¢K, penguin can result in
- C ,
d \-ii ] sin(2p) SIN2B)ys # SInB)ye
L0
d } K Old-nymbers
w {”"\} > Babar : 8in(2P);,k=0.7310.06
_ [ b—= — } (I) bi
: Diff |
S . . <
———— sy
d} K ) Belle  :sin(2B)yc,=1.0£0.6
B? »>¢K, = penguin diagram
? B— aokg B—EKYK K. B—niKg 1 4[
S ATCETEH T 1 Fa B KK KG N IEET '
c n':-:_l_ 08 Y 0.:i }- L
o= -"'+—=+—1——~—bu=—- = 0 1 =T
Measured _ ° |7 -+ } s M |
t :f; : '%_L.L-_-,__._' = g o.: :#_Lﬁ:?_ﬂl‘-b‘f ) .nz :t:*:'_j:-:ﬁ_'_--h
3.% (0} -1 l \ {};5 r'!1.f.'l._ 3 . ) ) QLB < s 1.0) TROS =r =10
l / iz 3 ZEEI?'E'} E5 .5 75 5 & -:.sa:[npsp ZE2 & %5 75 & 2B ME:G} 28 & 15
SM exp At decay time between tag-B and decay-B
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CP violation in BO->wn- |

Fit asymmetry to: AZP (1) =cos(AmAt) sin(AmAt)

For no B*,BY andEdecays no CP -violation is observed (except Belle in BO->r*n”)

- sl : -1
L 1140 b -
i : 1-CLat [0,0) = 2.48%10
- 1 Belle |
1 Laoin 1 :
N1
0.5 \ il
time
o ¢ /
o5 I Excluded at 5.2 &
No CP violation . 1-CLattsin29,0)=8.43x10"
i | L 1-CL4ti-1,0)= 1.33x10°
ol 5 ! ' y : -1:313 r s 0 s T s
1.5 =d .5 7 [ Fi 'e - : -

SUMMARY (BABAR/Belle): doing well, some mysteries left.

April 2004 Ivo van Vulpen 26



Most frustrating slide in the conference !!

B, — u* wis a promising window on possible physics beyond the SM.

In the SM, the expected branching ratio is small:
Br(B.— utu)=(3.4+0.5)-10°

\ 4

Quite a few talks
on theoretical
aspects of rare B
decays as well.

DO

B, — u" u sensitivity study

Optimised cuts using Random Grid Search [Prosper, CHEP'95; Punzi, CSPP'03]
based on the mass sidebands.

After optimisation:

expect 7.3 + 1.8 background events in signal region

4

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4

# of events | 0.02 Gewic®

0.2
0

i i D Run Il Preliminary
Signal region :
~180 pb-
Side Band 1 ] Side Band 2
(O R,
phabi b S b d Rk
AN,
R SRR,
R RRRRR R
K s
* - K
:‘.:‘.:‘.:::‘.:‘. S
BRI IR K
R
R
r yatipesit A ) |
48 48 5 52 5.4 B s%]
Invanam [Ty} n.na s [GeVic

Expected limit (Feldman/Cousins):

Br(B, — u* ) <9.1-107 @95 % CL (stat only)
Br(B, — n* ) < 1.0-10° @95 % CL (stat + syst)

(expected signal has been normalised to B* — J/¥ K*)

The analysis has not been
unblinded yet
(signal region still hidden).

Published CDF Run |
result (98 pb):
Br(B, — u* )
<26-10% @95 % CL

April 2004
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1 sheet

Tevatron running

&
Higgs
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® Nothing new on the Higgs front & SUSY searches (updates from HERA, LEP, Tevatron)

-1

Int. Luminosity per Exp. ifb )

Tevatron operation

[

started bad, now ok

Higgs cross section exclusion

CDF Run 1T Preliminary (162 pb ')

)
= .
2 Excluded cross section
b= [V ]
o —— L
FY04 E f - E o L
::::: & A
11111 b
_— 4 Desiy f
— 04 Bage E_, 1 . [ ] W+£ja:h-tl:hldb
s | FClCTOI" 50 » Standard Model
v Pueudo Experiment
{rmean and nms)
i T ‘-——‘—'—__
10 -—
- -
110 115 120 125 130

|_ExpecTed Higgs boson mass exclusion

Higgs Mass (GeV/c’)

*‘H‘.‘Hﬁgl W RaT T
RS LN
} ettty [ 3 -
242 T"m'ﬂ‘" R
hali=taal ar ogily -|
10 (s .
. b Lliscovery
1 H Evidence
g

100 105 10 115 120 125 130 135 140

Higgs Mass mig [Ge‘.‘.‘cl_l

SM cross section

e Tevatron accelerator review:
4.4 fb! at FY 09 feasible
8.5 fb! at FY 09 very challenging

April 2004 Ivo van Vulpen
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4 sheets

Penta-quarks
&

other new
patricles

April 2004
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New particle

‘New' particles are discovered all the time:

e two new extremely narrow mesons containing

¢ and s quarks (BaBar, CLEO, BELLE)

® N1ew very narrow resolarice

precisely at D" D" threshold (Belle, CDF)

g ——

e exotic h-quark resonances: O (K N), =

April 2004 Ivo van Vulpen
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New particle

J¥ Tt

f}g D@ Run Il Preliminary
Last summer, Belle announced a %31000}
new particle at = 3872 MeV/c?, © _
observed in B decays: ~ 800
B* — K* X(3872), |
X(3872) — J¥ 1t 1T S 00|
= _
Belle_’s discovery has been Sﬂ 400L
confirmed by CDF and D@. <
S 200+
prd

D@ preliminary: %
Mrumem) - M) [GeV/c?]

4 4¢ effect
AM = 0.768 + 0.004 (stat) + 0.004 (syst) GeV/c?

@ Could have seen it in Runl T guess. Now studying decay properties.
Seems like charmonium state.
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The discovery Of C—)+ PenTaquar'ks: 0* and = |

asf '
K*n-invariant mass
sk
g 20; A beautiful prediction from Skyrme model:
= 15; New par‘TiCle Praszalowicz('87), Dinkonov, Petrov & Polvakov("07): mgs == 1530 MeV,
105- For <16MeY, JP={tI=0 4 0
F T0 of SU(3)r: = /\
sF £ N\
F - 7 ATiTIng
P A Penta-quark AN
1.5 1.6 1.7 1.8 1.9 / N
M(nK") | GeVie? | ‘/—\';\'\
mer = 1542 £ 5 MeV, T'gy < 20 MeV q \.\\ \/’J \_ \ ’ . Kn configuration
mass ana wiath measurements of @ P i P-wave diquark-triquark molecule.
10 & Ea— COSY: pp— E*Kgp  5ilg
—- [ SVD-2: pA 5.6
i i P-wave
8|« 1 —e ZEUS: ¥"p 500
—— o CLAS 2: 7p 7B+1.00 EXP Theor'y (3"‘2)
6e . -—e HERMES: 7*D Y5+2.40
- e ITEP: vA, TA 870 m9+ 1542 +5H 1592 + 50
4 | > I SAPHIR: 7 480 m-"" 1862 + 5 1720 £ 50
—— am— CLAS: D 5.310.5¢
2 . -— DIANA: K*Xe d4a
- - LEPS: 7 '®C 160
0 1 1 1
1520 1540 1560 0 20 40 .
mass (MeV) width (MeV) > Trying to understand the structure

World average: m=1530.5+2.0 MeV
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New particle

Penta-quark
- | 2(1860)
A 3 penta-quark ?? |
(NA49) i

=%1530) ©

13 9.

26 18 -
M(Zm[GeV/cT]

Pentaquarks Looking for =(1860) — = =+

oNd Step: Combine = with ==
Normalise by known ©® Don't see any =(1860)
. =0(1530) — =« t.
Not confirmed by CDF f\su%nmun)umnmmw ] e It's not statistics: (18x as
K L a1 many =~ as NA49).
= [ ]=n = trackfound in SVX
= = =(1860) - .
= 1000 o N e Unknown bias due to Trigger?
z i Re-check with Jet20 data (2x
i ] NA49). Still no =(1860)
500 —
1 95% UL relativ to =(1530):
e ey e 2R [ Er (search) / =(1530) | 0.07
M(=n) [GeVic] = w (control) / =(1530) | 0.04
April 2004 Ivo van Vulpen 34



5 sheets

Extra

dimensions
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Many theory talks on this subject, a hot topic

e.g. Randall-Sundrum Models

AN

prior reality

Apparently T was not the only one who was surprised !

April 2004 Ivo van Vulpen 36



» String theory: at |least six unseen
dims
» General Relativity: why 47?

» New ways of approaching old
problems

s Cosmology: still many unanswered
questions

Hierarchyj flavor, GUTs

April 2004 Ivo van Vulpen



Randall

XD for EW Hierarchy

or why is gravity scoo small?

* ADD: all forces & particles localized on one brane, only gravity in
large, Aat XD =

+ monojet+missing E; [graviton KK modes)

* RS1: “warped” XD, with second (EW or TeV) brane, where gravity
exp. suppressed

* TeV resonances on EW brane < KK modes (also for gauge)

uf I | | I I —

1] -
g i =1
st | !l -
- - ' |

ut s N | (LN
R

11l 1 I 1 I 11 I 11 I 1 I 1

Lo "L L) bl -] bl ] 18
v {oev)

J Ol Marlond EVYW04 Th Summary 5
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You will see heavy partners of all particles
Partners of the electron will be fermions

Not bosons as in SUSY Depend on size dimension
Partners should all have similar masses

(like harmonic oscillator
boundary conditions)

= Kaluza-Klein particles Gravity st the EW |
= Definite mass spectrum and “spin”-2 ¢ Zranly STTong near e —
24n_.n
r

2
M - M ‘[‘1‘
pl v
/ n extra (space) dimensions of radius r

e Virtual graviton exchange affects:

T L |
Tevatron (direct) and LEP (indirect) dcos(0) L7 et ete RN

= We haven’t seen additional charged
particles up to m~TeV

= No branes: 1017 cm
= With branes, 0.2 cm
= With branes and curvature: infinite!
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XD & EWSB:

* Boundary conditions can break 4D

gauge symmetry
(e.g. Dirichlet forbids n=0)

* Unitarity (without scalar} recovered iff
all KK modes included, and 5d gauge
invariant lagrangian; there are massive
KK gauge bosons with m, . <1.8 TeV

no Higgs

* Warped XD + more symmetries needed

to suppress oblique corrections 5,T,U

* Fermion masses: possible except for

top

|. Orloff

Csaki

n=i}: N m=0
n=i:m=IR
n=2: m=XR
n=3: ...
-T
" W
WA
ﬁ’ﬁ -_Eg'-fl
\
Al ST
e
Plangy 0D, wsomhy sy, T
— |
Wity T oty oy
Wiy oy,

Morlond EVW04 Th Summary 7
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11 sheets

Dark matter
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Dark matter/energy

Angular Scale

20 0.5 0.2°
/f;l é‘ge[émﬁ Power
A ; If'{ ; = A& - GOM Al Data
4 l'll FWmap
<~ 000 WMAP Result r?' L : g;-‘m
1 E 2003 ' -
O f \
& 3000 \
= 2000 E Ih\}/\;\; }[l
/1 I
- IlII ‘
. - \
1000 - ’-g:w__: I Y .
G [ &
Baryon density : Q, = 0.044 + 0.004
Dark Matter :Q, =0.23+0.04 -
Dark Energy =0.73 £ 0.04

. _1

Qratter > Lparyon ~=> Non baryonic@ark matter

Q‘ro‘ral > Q) ==>Dar

matter

April 2004

k Energy

v (himi's)h
\ J .
e

e e

" ?"_'

st

cxpocico
from
lurmimous dialk

R {kpc)

M33 rotation curve
Dark matter halo around galaxies

What is dark matter ??

Axion
WIMP (SUSY stable LSP, %,°)

Ivo van Vulpen 42



Detecting WIMPS (1) Assume WIMP = SUSY stable LSP

Il. Direct detection of Neutralino WIMP

Local Dark Matter density

Proca =0.3GeV [ em®

Maxwellian velocity distribution

v =270km/s

!

@ Local Flux of Dark Matter

_100GeV

focal

A07em s
m,

April 2004 Ivo van Vulpen
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Detecting WIMPS (2) ~

-@m wmp@ PN

» Elastic scattering of a WIMP on a nucleus inside a detector: é

* The recoil energy of a nucleus with mass m,

-
=

.-'H;f,

(m, + m, )

E. . .(max)=2y “m,

~— 100
=10"m,

Fecofl

For v, =107¢ =p [

» This recoil can be detected in some ways :
v Electric charges released (ionization detector)

v Flashes of light produced (scintillation detector)
v Vibrations produced (phonon detector)

April 2004 Ivo van Vulpen
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Sensitive underground detectors, but need large (mass * exposure time)

Direct detection techniques

Elastic nuclear scattering

Ge

ID;’ energy GE, Si

Ionlza’rmn ] K

Liquid Xe Heat —| Al,O,, LiF
100% energy
slowest
Cryocgenics
Light————\
/ 1% energy T
fastest CGWO;}, BGO

NaI, Xe

no surface effects
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I Discrim. Name Location Technique Material Status
CUCRICINO Gran Sasso Heat 41 kg TeO2 running

§' GENIUS-TF Gran Sasso Tonization 42 kg Ge in N2 running

< HDMS Gran Sasso Tonization 0.2 kg Ge diodes stopped

= Canfranc Tonization 2 kg Ge Diodes stopped

Q DAMA > Gran Sasso 100 kg NaI stopped

i}{?‘ W Gran Sasso 250 kg Nal running

é?h MNalAD Boulby mine 65 kg NaI running

@ ZEPLIN-I Boulby mine 4 kg Liquid Xe running
COMS-I Stanford Heat + Ionization 4 Kg Ge + 5i stopped

& CDMS-II Soudan mine Heat + Lonization 2 to 7 kg Ge + Si running

Q-}F" CRESST-I Gran Sasso Heat + 0.262 kg Al203 stopped

1:,4::;;' Gran Sasso Heat + 0.6 t0 9.9 kg CaWO4 running
& C EDELWEISS—I/) Modare Heat + Ionization 1 kg Ge running
2 \W Canfranc Heat + 1 kg BGO running
SIMPLE Rustrel Superheated droplets Freon stoppea

n

>

April 2004

DAMA & Edelweiss

Tvo van Vulpen

46



December
el ““*. S, Vo ~ 232 km/s (Sun velocity in the halo)
30 kmfs~ = * v, ., = 30 km/s (Earth velocity around the Sun)
sy=m/3

*o=2n/T T=1 year
* 1, =24 June (when vg is maximum)

vall) = v, Vv, cosyeos|o(t-,)]
: dR . .
o) = | ——dEy = 5,45,y coslo (= 1,)]

AF; i
Expected rate in given energy bin changes

because of the Earth’'s motion around the
Sun moving in the Galax

Requirements of the annual modulation

1) Modulated rate according cosine 4) With proper phase (about 2nd June)

5) For single hit in a multi-detector set-up

2) In a definite low energy range

6) With modulated amplitude in the region of

3) With a proper period (1 year
) properp (Tyear) rnaxlmal sensumty{?%{Iargerfar WII'-.‘IP Wlth

{oNnirncHis stenaires spurioasieffects i Stdereactions smusi ot e i=ohvions iy =be b e o e colit
o i iliole gpderved il g itide gt ukig) Juskif coiiieni g orin iy il flege R anidiit
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Investigating the presence of a WIMP component in the galactic
halo by the model independent WIMP annual modulation signature
= B

December
= * Voun ~ 232 km/s (Sun velocity in the halo)

30 kmi/s * Vo = 30 km/s (Earth velocity around the Sun)
ry=m/3

ro0=2n/T T=1 year

* ty=2" June (when vg is maximum)

V) = Vg T Vi, COsycos[o(t-1,)]
SO = [ == dEy =S, 45, coslo(t—1,)]

ARy

Expected rate in given energy bin changes
because of the Earth’s motion around the
Sun moving in the Galaxy

Requirements of the annual modulation
1) Modulated rate according cosine 4) With proper phase (about 2nd June)
2) In a definite low energy range

3) With a proper period (1 year)

5) For single hit in a multi-detector set-up

6) With modulated amplitude in the region of

maximal sensitivity < 7% (larger for WIMP with
preferred inelastic interaction, PRD64(2001)043502)

onnimi s sTenarinesspi ons el fecis it Side s eaciions s I e e R = e by ions = e bIE Y ONICGoTnT

fur tiznifiole ghgeriend gigdilofio i pliiads, Duf o) oy conidiy gy ol iage § pdirdine i

DAMA at Moriond

Talks from DAMA 95% the same:

* Voo ~ 232 km/'s (Sun velocity in the halo)

* Vo = 30 km/s (Earth velocity around the Sun)
sy=n/3

co=2n/T T=1vyear
- 15 = 2 June (when v, is maximum)

Expected rate in given energy bin changes
because the annual motion of the Earth around
the Sun moving in the Galaxy

Requirements of the annual modulation
1) Modulated rate according cosine
2) In a definite low energy range
3) With a proper period (1 year)
4) With proper phase (about 2 June)

5) For single hit in a multi-detector set-up

6) With modulated amplitude in the region of maximal
sensitivity < 7% (larger for WIMP with preferred
inelastic interaction, PRD64 (2001)043502, or if
contributions from Sagittarius, astro-ph/0309279)

O nichis St patare s Spurions effecisiand sidereacions st notonty= obvionsiys beabledoraceonnt
fur dlie it ghdepyed giudiduitoss dinpliield, Gl alin Suflsfe euitenigorianeoibily il Hisse G peiivd i

DAMA at CALOR

@ They see something !!

April 2004
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Latest results: DAMA

Llg 177 A —
Fle Mo eIV Vo Vs VIl

Data taking completed in July 2002
Total exposure of 107,731 kqg.d
See annual modulation at

Claim model-independent evidence for
WIMPs in the galactic halo

Residuals {epd/kg/keV)

[
-
"

TS0 1000 1500 2000 2500
lime (day)

WIMP candidate under standard halo parameters:
M, = (52 ) GeVando, = (7.2:03) .10 pb

Checking this result remains important

2nd phase 250 kg LIBRA running...
NaIAD 65kg NaI in Boulby mine
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EDELWEISS-I (Frejus, inonization-heat measurement, small)

Current exclusion limits

o Fiorucci

r . F ha——

IGEX 2002
Heidelberg-Moscow 1998
JCDMS-I 2003

1wt ]
EDELWEISS-I 2003

[cm %] normalisad to mcleon)

- 99.8% CL incnmp@mifh DAMA modulation signal claimed by:

- CDMS at low masses
- EDELWEISS above B0 GeV

Exclusion resists to a variation of halo parameters *

* Copi & Krauss, astro-ph/020810
* Kurylov & Kamionkowski, hep-ph/0307185

Plans: 10-¢ pb (now), 10-8 (soon), 10-19 (10 years)

However, DAMA claims
that no model independent
comparison is possible... 50




can be produced in the sun.

Interact with magnetic field («<B2L?) and produce X-rays (a-> )

L=10m,B=9T

' . 21| LHC magnet

.

100 times more a->y conversions

than any other experiment

"

+8¢, so shif

10-8 5 /
— X ray telescope.

2005: Probe higher axion masses

axion models

1011 R -
. . . 10-% 10-3 10-2 10-1 100 101
(fl” magneT Wl'l'h hellum) axion mass (eV/c2)
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Other underground experiments:| proton decay Explore lifetimes > 103°years

Ambitious:

74 sheets in 30 minutes
100,000,000 kg liquid argon Rubbia

Experiments for CP violation: a giant liquid Argon scintillation, Cerenkov and
charge imaging experiment.

nelsé Raubbia - Aprl 2004 A Rubbia, Proc, IT Int, Workshop on Neutrinos in Venice, 2003, hep-ph/0402110

April 2004
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7 sheet

April 2004
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Neutrino: mass and mixing parameters

@ Puzzles and experimental tasks:

# Do neutrinos really oscillate? <+ OK, evidence from Super-K NEW!
+ Are there only 3 neutrino species? < LSND / MiniBooNE

Are there sterile neutrinos?
+ What is the mass hierarchy pattern? (Sgn Am,427?)

HOHMA L INY¥ERTED
myk "y i E”
m L
ﬁﬁ 1
=
::l ITI-T 1 m,
% What is absolute mass scale? - Neutrinoless double beta-decay
% Are neutrinos Dirac or Majorana? - Neutrinoless double beta-decay

% Measure 8,; and 0

April 2004 Ivo van Vulpen
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How do we probe the neutrino sector of the SM:

Mass eigenstates are mixture of flavour eigenstates (a la CKM matrix)

|Vﬂavour > % Vmass >

| q flavour >= UCKM | qmass >

2-3 mixing 1-3 mixing

1-2 mixing

Atmospheric Reactor (CHOOZ)

Superkamiokande

A(m23)2 =2-3eV? A(m13)2 =??

@23 = 450

MNS = Maki-Nakagawa-Sakata

Solar (KAMLAND)

If 6,320 --> CP-violation

A(m12)2 = 5-7 eVZ

April 2004
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Do they really oscillate ??

Super Kamiokande
« Atme

|. Zenith angle analysis

pheric Neutrinos
@ flavor oscillations from

Downward
| L=10~100 km.

: Upward
II. L/E analysis L=up to 13000 km
3.5sigma
-1 v'_l-v,t . . . .
. Is disappearance really caused by oscillations 22~ disfavored
2 | x2mn=170.8/170 d.o.f - 1.8¢
Ne [ at Am2=2.0x1073,sin220=1.00 S 16k —— Oscillation
< 1 .
2 1.3x1073 < Am? < 3.0x10°3 eV? = i = 141 ]
0 F 0.90 < sin?20 at 90% C.L. 8 oal S J
] o Uor = 1.2F
[ o L L2
C 0.6 g 1
3 r e L o.8F
10 '- 04 Oscillation ]
L (= R
- 02f DeCAY 0af |
99% C.L. . Decoherendgg 0.2F Prolimi
10_“ L o ST Y N [ Preliminary
0 01 02 03 04 05 06 07 08 09 1 10 102 \-/,mi 10° ) e Nl
LE (km/GeV 1 10 10°—10 10

o

2 allowed regions are compatible

L/E (km/GeV)

First evidence that neutrino transition probability obeys
sinusoidal function as predicted in neutrino oscillation

April 2004
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© Excess (V, =%, appearance): 819 £22.4 £ 6.0 § 475|  Goam Bxcoss

EEE PR, STLEM

Are there 3 families ??

Beam ravesa
4
o

: : Close to 4 © sl | = s
Sterile neutrinos .

& 08 1 1.2 14
L/E, (melers/MeV)

‘-i-\ LI T II|

. E
& v oscillation signals: L r ]
Solar: Am*~ 107%eV? o = B ]
(SNO, KamLAND., _.) 3 vs = =
allow only i 1
Atmospheric: Am?~ 10 7 eV ? 2 independent .

(Super-K. K. ...) vaives of g

' Am? -

2 i 2 -
A e . e — W L 10D
[lLLé ;"E.-]arm Am 10%e § A[mDSphEu c
i V,—Vy
= B
@ What to do? - ]
I. Anexperiment or interpretation is wrong - Solar MW |
2. Add sterile neutrinos: 1,2, 3 ... 1 V 5V E
3. Violate CPT C e x ]
Lo ) : -3 I—: I -L
D 10 10 1
- 2

sin 20

(confirmation needed): --> miniBOONE
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miniBOONE energy spectrum requires

more precise cross section da‘ra
. -
Eﬂ-“ — hante Care
fon PRELIMINARY -
o L e Physics goals
D& +_ flux, 6, & detector | —
o | oped “‘“‘i‘“\i / Systematic study of HAdRon Production:
°'°:D ooy H P » Beam energy: 2-15 GeV
| | £ oy v Target: from hydrogen to lead
' Motivation:
SenSITIVITY N, s Pion/kaon yield for the design of the proton driver of
7 i | neutrino factories and SPL-based super-beams
£ ol ¢ Input for precise calculation of atmospheric neutrino flux
.| (90% Gl 30 000 50 7| Input for prediction of neutrino fluxes for the MiniBooNE
3| r'q and K2K experiments \
. Input for Monte Carlo gexerators (GEANT4, e.g. for LHC,
space applications) . .
! Use identical targets
- at HARP 4
o:; r \ '
10 ‘_19 10
mmuBOONE will cross-check LSND result Depends on Tevatron programme
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What about the absolute mass scale and hierarchy ??

We only know mass differences squared A(m?)

—ml
m2

= m3
ml - ) \ 4

Very prelimi-
nary calib-

A NEMOS ration!!!
-z
. =
Neutrinoless double beta decay S L
S Radon
(Az+]) ——— BB2v: allowed SM process T,,, ~ 10¥y E (30 mBq/m®)
5 ] (AZ)>(AZ+2) + 2e+ 2v (2n— 2p + 2e + 2v) 2
i ; mmmmp / BBOV: beyond the SM T, > 102y
(A7) ‘\' Qpp
(A.Z+2) :
n->p+e +v Lepton number violation
= i s ] 200 2900 3000 3100 3200
I L XX ] 4 E,“E, (keV)
::- L ;‘J e : 1 BB(0v) expected peak position
wr : Radon down factor 10
/ A2 ! o \\'I‘- '
T+ T,)Aps (Qpa~ MeV) ) 59




I will leave CERN on the 1st of June
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