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HERA, H1 and ZEUS. 1992-2007.
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Proton structure, Alexander Glasov (DESY)

Structure Function £, at low x, medium Q| -/:2 P

H1 Collaboration
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First measurement of

F L

‘ Fr measured by H1 [

H1 Preliminary FL
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H1 measurements cover 2.5 < 0° < 800 GeV- and 0.00005 < x < 0.04 range

For @* = 10 GeV-, agree well with HIPDF 2009 prediction.
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Beyond HERA

Medium energy ep collider EIC: eRHIC and ELIC

P12

~ g~ B e B
_ e-ion detector ', = ._.._____-\)
a———Possible bocations T—— e L g
IPIE-’J d:u:»l-ltl:x mal e-ion’, IFIH\ T e g
/ | BNL eRHIC staged design, using
eRHIC "; / E, =250 GeV:
|pq, _‘, e E.=4GeV linac
';1.*;“55}; i o E. = 10~ 20 GeV ring, up to
i‘.;::* +-. E, =30 GeV.
Low enerey Fote recimulation Luminosity: 3 x10** em™s7! |
reciroelizion pass l.:clrm Tasses

SAIrGE

Jlab ELIC, using E, = 12 GeV.
Stages m E, X E, of 5x5, 30x5,
30x10 GeV-.

Nominal operation at
250x10 GeV?.

Luminosity: 0.5-4.5x 10** ecms7!




HERA: ongoing physics

\ Sumimary [

Combination of H1 and ZEUS published HERA-I
data gives ultimate precision at low x.

First measurements of F; at low x.

Results based on complete HERA sample improve
precision at high O°.

New determination of @5 based on jet cross section
measurement.

New results for s. ¢, b PDFs.

Precision NLO QCD analyses and novel fit
techniques: more reliable predictions for the LHC.

New colliders at Jlab, BNL and CERN are being
developed for polarised and high Q°/low x ep physics.

— DIS has great future as part of HEP exploring the
Terascale.
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Fermilab Tevatron - Run Il

U ETY InJector

~ " «36x36 bunches

e bunch crossing 396 ns

e Run II started in March 2001

e Peak Luminosity:3.5E32 cm2 sec’!
e Run II delivered: ~7 fb 1

Collider Run Il Integrated Lumin

Weekly Integrated Luminosity (pb')

presented results up to 2.7 fbl

o = (=]
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Run Integrated Luminosity {(pb)



Inclusive Jets

Z10°E —— CDF data (1.13 b)) > 10°E DO Run Il * |V|<O|'T (X32)( ;
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benefit from: steeply falling p; spectrum:
* high luminosity in Run II 1% error in jet energy calibration
- increased Run II cm energy > high p; - 5—10% (10—25%)
» hard work on jet energy calibration central (forward) x-section




Dijet Angular Distribution w

1/0 dc/dxdijet

0.14 n : glggerford Scattering variable:
- et — €XPL|Y1 — Y2
012 ... New Physics Xdijet p(|y1 — y2l)
01 at LO, related to CM scattering angle
o . 1l4cosB”
0.08 F R— Xdijet = =y O
006 :__‘-___".:---':.':.-..T-..—. ................. .
_I | | 11 1 | 1 1 | 11 1 | L1 1 | 1 1 1 | | 1 1 | L1 | * flat for RUtherford Scatterlng

2 4 6 8 10 12 14 16|+ slightly shaped in QCD
Xaijer = €XP(IY1~Y2) * new physics, like
- quark compositeness
D

- extra spatial dimensions
- enhancements at low % e
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Dijet Angular Distribution

—— DJ 0.7f0"
1 do

- normalized distribution — —— Standard Model
g dXdl_]et

- == Quark Compositeness
A=22TeV (n=+1)

------ ADD LED (GRW)

- reduced experimental
and theoretical uncertainties

M, =1.4TeV
--- TeV'ED

Measurement for dijet masses s 0.1F° _+_ L
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Incl. Isolated Photons

CDF Run Il Preliminary

Phys. Lett. B 639, 151 (2006)
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« CDF and DO measurements: 20< p; <400GeV - agreement

- data/theory: difference in low p; shape

« experimental and theory uncertainties > PDF uncertainty

- no PDF sensitivity yet
 first: need to understand discrepancies in shape 12




Summary

- precision measurements of fundamental observables @2TeV
- consistent results from CDF and DO

e underlying event / multiple parton interactions
- strong constraints: tune/improve phenomenological models

e Z/W + jet production (p; spectra :: angular distributions)
- many distributions for pQCD tests and for model tuning

e photon production (inclusive :: plus jet :: plus HF jet)
- need to find missing pieces in theory

jet production (inclusive p; :: dijet mass :: dijet angle)
- first look into physics in the TeV regime
—> strongest constraints on high-x gluon — for some time
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Rare muon decays + EDM Toshi Mori (Tokyo)

Use UCH for an improved

Neutron EDM Search

F, remy CP
i
ORMNL, Harvard ff:"’
MIT, BMNL
LMPI
sussex, AL, ILL

Expected Sensitivity at PSI Neutron EDM

violates parity P and
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Neutron EDM Search

P, Ty CP
_Eﬂ“ 1
Strategy: Experiment with = * Present best limit: d, <2.9 x 10 ecm
* UCN in vacuum ' Sussex-RAL-ILL collaboration
« apparatus at ambient temperature | C.A. Baker et al. PRL 97 (2006) 131801

* double UCN chamber (phase Ill)
* co-magnetometry
« multiple external magnetmmeters

+ nEDM collaboration nedm. web.psi.ch
15 groups, 50 people

« Moved from ILL to PSI March 2009

« Data taking at PSI 2010 — 2011 (Phase Il)
& Sensitivity goal: 5x10-%7ecm (95% C.L.)

¢ « Operation of new n2EDM apparatus 2012
§  — 2015 (Phase III)

Sensitivity goal: 5x10-28ecm (95% C.L.)

L /iL"“



Muon decay
Transitions Between Generations

Standard Model
CEM matrix
werified at B faciories

GeV

MeV definite proof of

“Beyond SM”

meV -+ a —- . a possible hint of new physics

seesaw mechanism?

VLG FeestTing electron neufrino




Muon decays on nuclel

COMET Heaﬁ?z::iﬂn + Phasel PRISM

= il
o - L
iy PRI ? - -.:'_:.* -
. el - +-|j¢“ #J;:jp
e -— -~ E
> > "'f pr‘
B(p~ + Al — e~ + Al) < 107'° | .
*Extension of MECO B(pm+Ti—e +Ti) <107
;E;E_IUWEE a slow-extracted, pulsed - *Requires a fast-extracted, -pulsed-beam.

*Requires a new beamline and hall.
*Experience and components of Phase |
used

*Extends the reach by 100

*done at the J-PARC NP Hall.
*regarded as phase |
*Early realization




At PSI : decays of stopping muons

The MEG Experiment

1m
COBRA Magnet L
Drift chamber \
— e " — ‘ II-
Muon Beam . B ; __% e
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sl i SRR : f"ﬁ!ﬂiﬁ“
— —— \1\,
g —— . . &
{ ' [Ty ,:/ Drift chamber
l'_.- |. 1 . .
Liguid Xenon o e ' | | | '

Scintillation Detector |




Muon decay kinematics

Accidental coincidence of y and e* is the main background

wd
7

v ray measurement

Is most important! i\'\!\-’ i must manage
high rate e+
Y .
signal
_Background y spectrum Background e* spectru%
=, | d = '
S signal z
o . ® =1 ‘;_,*’
@ .. 3.4 A MG +
= radiative decay /" Michel e
E |I'\|" I----I-.-__.-'
o L o
4= et | I 5 a5 I |
= 15 . Lﬂ' Ll il a0 40 a0

Gamma-ray energy / 52.8MeV Michel Positron Energy [MeV]




MEG results

The Preliminary 2008 Data Result

BR.(,(_f.+ — e"Tjr.-) < 3.0 x 1[]—11
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New physics atlow E  Joerg Jaeckel (Durham)

Example:
ALPS@DESY=
Axion-like particle search
Any-light particle search

>

A

10°°9/s




Helioscopes

CAST@CERN
SUMICO@Tokyo

e
Y

“Light shining.tr h a wall”

I __
Y > > Y




MCP-PMT (Microchannel Plate)

« Amplification in micro capillary
— 1photon counting W0
- QE~25% R3809

— Gain ~ 106 . Channel
— Bfield OK (~1.5T) | <+<— ¢~10um
— Position resolution ~6mm typ (multi-anode)
— Fast!

« tts (transit time spread) ~ 50 ps or less «—» ~400pm

1 o, = 6.2 ps measured (w/ electronics)
— At #photon ~ 180 (quartz radiator)
— 4.7 ps intrinsic
— Hamamatsu R3809U-50, ¢6um hole

* Applications
— X-ray cameras, image intensifiers, etc.
— Cerenkov photon detections (e.g. DIRCs)

= O, \ U
B A R



HAPD

(Hybrid Avalanche PhotoDiode)

» APD replaces the micro capillary of MCP photon
— Amplification by
« Accelerated e hits APD (~103) - phoocathode
« APD itself (~40 .
- ( : ) l ~8kV
— Typical total gain ~ 4x104 R

 Example

— 144ch HAPD for Belle-Il Forward RICH
e 72x72 mm?2 , 5x5 mm?2 cell
 Fill factor 67%
« QE ~ 25% (—43% by UBA)
« 1y counting: good energy resolution
— Much better than typical PMT

APD (~200 V across)

— Thanks to the large 15t stage gain a""“m 13e _
* B~15TOK W J 2De
. flat RN ;
« compact -""“3\\\ j/ \u..../ Aiu



HPD (PD = pixel sensor)

« Replace APD of HAPD by pixel sensor
— Iimaging photon detector

« Example : HPD for LHCb RICH (collaboration with Photonis)

Si pixel array

Ceramic carrier

¥~ Photocathode ' \
(-20kV)

Hybrid pixel sensor
0.5x0.5mm?

x 8192 pixels

8 or — 1024 chs

VACUUM

Feed-tiroughs

Electrode

Solder

\= bump  electronics
] ) bonds chip
Optical input
window

« 18 KV applied
« 1/5 demag mapping
« Allinstalled

* |ssue: ion feed back
* Replace them (2% /yr)




Geiger-mode APDs
(SiPM, MPPC, PPD...)

Divide APD into small cells and equip
each with quenching resister. Operate
them in Geiger mode and gang the
outputs.

— Quick enough recovery time

— Output o< number of fired cells

Invented in Russia
— Standard MOS process
— Now produced worldwide

CPTA/Photonique (Moscow/Geneva)
MEPhI/Pulser (Moscow)
Amplification Technologies (Orlando)
Hamamatsu Photonics (Japan)

— They use their own names.

Drepletion f
Reglon  «
2 pum

100 — 1600 cells

Hamamatsu MPPC



High energy cosmic rays Miguel Mostafa
(Colarado)

Ultra-High Energies

1 PARTHOLE
FER SQUARE
METER PER SECOMND

L L L L L L

L PER SQUARE UHECRs
— 1019 eV

RELATIVE PARTICLE FLUX (LOGARITHMIC UNITS)

10" 10" 10™ 10" 10" 40
ENERGY (ELECTRON VOLTS) 1 EeV £ 1078 eV



High energy protons

Scientific Motivation
They should not be there!

vy+p— AT 5 p4n°
’}’—Fpﬁﬁ_i_ﬁﬂ—l—ﬂ_i_

Cosmic Microwave Background




Large scale experiment in Argentina

uger South size & status

Loma Amarilla

Los Leones




Observe cut-off due to interaction with CMB

CR energy spectrum

1g(E/eV)
18 185 19 195 20 205
\'_q'|_' 10™ - [ | [ | | F B
= - 5
ER -
L ankle I
E = N
o 10% = Wia E
/e \, GzK 2
‘“-Eg"" - 3'*¢\+suppressioni
= T \ :
= .
A 107 % N I l E
- @ Auger combined T E
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10" 10" 107
Energy [eV]
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High Energy Neutrino
telescopes

Mediterranean sea
ANTARESENEMOFNESTOR:

Joint etfort for km>-scale
detectorr KM3INel:

South Pole ,

2009 August 20 Lepton Photon 2009 Per Olof Hulth



Acoustic Storey

Installation: (Pointing Down) n

Junct.Box - Dec 2002 B otk Buoy

Line 1 - March 2006 L =i Acoustic Storey
Line 5-10 - Dec 2007 e

Line 11-12- May 2008

900 Optical modules
12 lines

25 storeys / line
3 PMTs / storey

Cable to shore i
<- 40 km Junction Box

2500 m depth

~180m ) 33
2009 August 20 Lepton Photon 2009 Per Olof Hulth



ANTARES - Preliminary

180° 1 -180°

750 upgoing neutrinos (multi-line)
Unblinding once reprocessed with final alignment



-------------- Bartol + Naumov RQPM
AMANDA-II 2000-6 vy 1387 d

-------------- Razzaque GRB Progenitor 2008
-------------- Blazars Stecker 2005

——— — ' — '+ Baikal 1038 d cascades
= e - AMANDAII 3 yearv, x3

——— IC22v x3 ICRCZDUBuSensitivity

Waxman Bahcall 1998 x 3/2
ESS Ve 2001

——«—— HiRes v +v, x 3/2, (2008)
—e—— 1C22 EHE(all flavor),242 d ICRC2009

Honda + Sarcevic Min
IC22 Atmo. ICRC2009
Waxman Bahcall Prompt GRB

BL LACs Mucke et all 2003

- AMANDA-II 2000-4 cascades

AMANDAJ/TWR 3 year UHE (all flavors)
IC40 v x3 Preliminary Sens.

Allard et al, 2006

Rice (all flavors),(2006) 854 d

PAO v_x 3,2 yr ICRC 2009
ANITA-2008 (all flavors), 35 d
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Excursion to Lubeck : Hanseatic city and home
of marzipan




Top and EW physics at high E ~ Fiorencia Canelli
(Fermilab)

EIecTrowec:k an I

= Span over a wide range of cross sections

i Tevatron Run Il pp at Js = 1.96 TeV
10
#— CDF Run Il

—&— 00 Run |l

—ik— Tevatron Run Il Combined

10*

10°

10°

10

IIII| T II‘ T TTTAm TTT I|'|T| .IIIIIII
.
[ ]

1

Cross Section (picobarn)

—H
—

107

= Until the past year only cleaner channels were observed: small
background, lower statistics Wyaswm Zy>1y WWa3hiv WZ3 il ZZ 21




[

Hadron Co

319 GeV proton —
electron collider

Run 1992-2007
Accumulated
luminosity ~200 pb™ in
epand ~300 pbline
P

some results

de

Tevatron, Fermilab LHC, Cern

1.96 TeV p-anti p = < 14 TeV p-p collisions

collider
= Expect to turn on late 2009

Run Il started in 2002 at 7 TeV

Has delivered ~7 fb' of = Expect up to 200 pb! in the
data since 2002, and earlty run

running smoothly:

expect ~12 fb”' by end

of 2011

Most of the results Some prospects




m Smallest cross section of SM diboson
states

m /7=l striking signature |

® First observation by DO , 5.3 T significance

CDF (4.8 fb'):
o (I7) =1.54 *2%2 _ __ (siqh )+ 0.25 (syst) pb

m 5.7 sigma significance

m /7=2lljj or Z/=»wjj mode not observed
yet at the Tevaitron

m |Important benchmark for Higgs
searches (ZH)

. Events/50 GeVic*
SR U N N
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

=
o

0.6

04

02

Cross Baction {pleskarn|

. Tavatran Run il pp at v
W'

[
'|:|'! 5
w|
w|
1I| "
1)
b

1 b
i

W& W B my o k hp ireg Nirag

= 198 Tl

¥

I "-'cl|.|:|

EM predick 0 (pp2II)=1410.1pk

:
:
!

KK K

[T rwwwn RTREE S TRETE IT!m—n—n-

':i}nnﬂl 100 150

200 250 300 350 400 450 500

4-leptoms mass [GeVic?] 17




[ Caceiari t al., arkiv: l]ﬂﬂ#.!ﬂl:ll] 5 lIIB
FiKidonakis & Wul, arXiv:0805. W& 048}
[MMoch & I.Iwar, arxhl HBI:I?.I?H 2

DIL |
(L=4.3 ")

ANN
(L=4.6 fb7)

Eﬂg 1)

HAD
fL=24 ")

CDF combing

+IDOF= 0.60

(stat]

{Tuari}

7.27+0.71:0.46:0.42

(==l

7.63+0.37+0.35:0.15

7.14:0.3540.58:0.14

7.210.50+1.10+0.42

7.50+0.31:0.34+0.15
m=172.5 GeV/c’

4

5

6

10 11 12

7 8 9
a(pi — tf) (pb)

= Different methods to measure 0.
Tevatron combination undenvay

'I Runll -

= pralinirary

August 2004

—
|+juts. dilepian, T#leptan reoe g b B
. ! 148 1 84 0142
|+i|:||!- b-tagged & fazciagical PRLI HH TAE 1053 043 303 ph
|+]i|1'l reark m-magped, PRL) el B3 :: ': 3 ':' oh
1J|Iu I poal, L +1.12 +1 7B 4084
F“ st G e ga ! gy
|*brachk |e-sogedr H—i—H T : pb
taw+le T jbiegged +f 34 +1. 33
HAPAG Dstngpedt H——H  TE MY Yk
ta+ ks (bouagges) i B | i gq *ai ¢ 11 ph
Alljals i aggen i gg 18 e + b
(50 Gy
m_ =178 GaY o N l.'j-\.u-' w H..l-l.:l".'b-l:l'.: .1... !..'I:ll.ld- ~
CTECE M H Eedonmkas | Uegl PRETE OT4000 21008
5 Wioch mred B Lisspr, PR TE, T4 000D [3T04

y " PIEERET g

= Most CDF measurements with more than 4 fb !
= Measurements in all channels

All channel

produce consi

2 4 & 8 10 12

o (pp—=tf + X) [pb]

s are consistent with each other and with theory
stent results

23




Single Top Qua

= |n March 2009 the Tevatron experiments reported observation of with

about 5 o significance (to be published in PEL this week)

= CDF and DO combined their results using a Bayesian approach:

 Tevatron (3.2 fb'):
0, =2.76 -, » (slaitaysi) pb

Tevatron (3.2 fb '), rrDés 054024, 2002:
| Vi | =0.91 % 0.08 (shaitayst)

ingle T rk Cr ction 4ugust 2009 E L D@ 2.3 '
Single Top Quark Cross Sectio Aug : . m2l i
1 - B * SM
CDF Lepionsjats 320" | [ 2.1?:32? pb ﬁ Ziu FCHE
i g T gﬂ:l].ﬂ-llgt
I
CDF MET+ets 21M" ! 50 2% ob B4 V=02
! c Tap-flawar
e mmo1 +{ BB g i ATaN
D& Leptontjets 2.3 fo | 3.894 e pb E i 2 mﬂnn
, m=2500eV
Tevatron Combination | 2.76 fﬁi—?ﬁ pb [ eems oo
I z oo
- 1.\, Harrs at al., PRL BE, D340 (41T . L
B~ Kkonaks, PRO 74, 194012 (2006) Migp = 170 {56V [ i
L - " | pozsmy
0 @ 4 & B [ a(t-channelj=3.14=0%4 . [stol+systipb
O (pP - th+X, tgb+X) [pb] A sy
s-channel cross section [ph)
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_ Boson, Top Q I

= Measuring the W boson mass
and top quark mass precisely
allows for prediction of the mass
of the Higgs boson

Ar = mg? Ar = log my
= Consfraint on Higgs can point —LEP1 andSLD
to physics beyond the 80.57 = Lbreand Tavalon (prel)
standard model BEEe
=
1
: . O, 804
m Constrains the Higgs mass "
now, precision check of the =
EW theory after/if Higgs is
found 80.3 1
150 175 200

29



_ Boson Mass: ¥ I

DO m,, Systematic Uncertainties (1 fb')

= Limited by the size of the 7 Systematic Source
sample. Will improve with (MeV)
more data Bectron energy scale 34
Bectron energy resolution model 2
Hectron energy nonlinearty 4
= Jevatron measurements W and I eleciron energy loss 4
improving the precision of differences
parton distributions functions Recail madel 6
(ex. W charge asymmetry Bectron efficiencics 5
previously shown)
Backgrounds 2
PDF 9
QED 7
{ ] Boson py; 2
Total a7
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_ Boson Mass: I

B Combine previous results, including CDF Run Il measurement using

200 pb: m,, = 80413£34(stat)x34(syst)MeV

Tevairon Average:
m,,=80420x31MeV

World Average:
m,,=80399:23MeV

80

CDF Run 01 — i B0.436 + 0.081
00 Rum | ——— Jl.478 = 0083
CDF Run 1l —— B0.413 = 0.048
Tevatron 2007 o o B0.432 = 0.03%
00 Rum I —— B0.402 = 0.043
Tevatron 2009 —— B0.420 + 0.031
LEP2 av L 176

World average = 80.3089 = 0.023
| | j Aulyim

80.2 80.4 80.6
m,, (GeV)

33




Top Quark Masg I

= Measurements in the 3 channels: dilepton, lepton L
+jets, all-hadronic

m Different difficulties than in W mass measurement
= Can only measure jets resulting from quarks

m Jet-parton assignment
= QCD radiation

= Jet energy scale (JES) uncertainty dominates
[~3%) -

= Can be reduced via in situ measurement from
hadronic W mass

EM

Calorimater jat

Particls jat

40

F]
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Top Quark Mass

.Tcl.'a'.rnn March'{g

Mass of the Top Quark [*Preliminary)
i
COF-1dil 16744103+ 4.9
[
LA 168.4+123+36
a —
_

COF-I M 176.1+ 5.1+ 5.3
D11 1801+ 3.0+ 36

‘ il

COFlT 172100+ 1.3
. -

Sty 173.7408+ 186

5

COF-allg 1B6.0+100+57
. . e

COF-lal 1748+1.7+1.9

i —

GOk 1753+ 6.2+ 3.0

L

1731t 06+ 1.1

Tevatron (Winter 0%):
m=173.1 2 0.4 (stat) £ 1.1 (syst) GeV
m=173.1 £ 1.3 (stat+syst) GeV

hep-exf0803 2505 fstar] £ fepsd
yiidod = &.3M0.0 (TE%)
I I I i
150 160 170 180 190 200

m,, (Gevic’)

= Channels are consistent with each
other

= Different methods to measure m,
produce consistent resulfs

= Working on improving systematic
uncertainties: are all effects covered,
are they covered more than once #
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. Experimental constraints on the SM Higgs Boson

-
Direct searches at LEP II: . =L v Toembran k)
m,>114.4 GeV @ 95% CL |
Indirect constraints: =
o
Top, W-boson mass o A
= new W mass measurement =
BO.3
Ej-m:[a] m1 -I ﬂ:l-ll — Dala D Man O e 51.5M = oI ilN
q ?Em- O R i - - B.AT - BAn |5,|:| 1?5 EDD
E i O0F Rani 1 —— B.A1] « B FT|1 [GE"”
E m: Fovmtran 3000 = 83,433 + BU134 5 ;.- rl...ll G
i I o0 Fus . 3803+ B3 o it [
I 5 L : '-I'. ﬂ”"m- _': J
2500 — - W L | =—0027582000005  f)
_ - -"-_ s 3T OOz 7
- 2-;_-+ Woatd sverage - M3 £ 1 FE N ctinin
gg*#r#;gf#‘*#ﬁ##ﬁ;ﬁ#w*w;f ' e 3
- m,, (GeV)
50 &0 70 B0 80 100
SR (Precision EW fit: )
T = . . = =
i m,<157GeV | ' 4
See F. Canelli L U0 ' St
= 1. <186 GeV with
talk on friday (

\_ LEPII Limit) v

CGregorio Bernardi /| LPNHE-Paris



. Higgs Production and Decay at the Tevatron
4

) 1.0 %, T ] : -
E mdu.:lig.n High mass (m, > 135 GeV) dominant decay:
=)
T H sww W — (vi'v'
E L
S = W
z
& W
100 120 140 160 180 200
my (GeV/ed) Low mass (m, < 135 GeV) dominant decay:
.= A
E — —
£ H—bb WH — (vbb
T ol q }L ZH— [ ("bb
A ' <'W"“" ZH —vvbb
10 2 FT; _.r”. lepton
o/ use associated production modes to get better S/B
? LY
z -'_""f . _ :
Eriel e These are the main search channels, but there is
" oo 120 ‘:; fcﬂji-g'l 180 £l an extensive program of measurement in other
s B

channels to extend the SM and BSM sensitivities.
CGregorio Bernardi /| LENHE-Faris




. Conclusions

SM Higgs is excluded by Tevatron direct searches in the mass range

from 160 to 170 GeV @ 95% CL
More likely to be below 160 GeV (indirect constraints)

Tevatron progressing both in high and low mass Higgs searches

- The machine continues to work very well with an expected delivered
luminosity of 12 fbht with the 2011 run

- Sensitivity continues to improve faster than luminosity scaling
- Rapid incorporation of new data and analysis improvements

= Looking forward to seeing the first hints of the SM Higgs...
or directly exclude @ 95%CL the SM Higgs between 115 and 185 GeV

Good sensitivity also to MSSM Higgs and more exotics Higgs.
For MSSM, we will probe tanf below 30

CGregorio Bernardi /| LPNHE-Paris 31



The ATIC Instrument & Program

24° Silicon Detector Si
¢ 0\

Graphite T tT2
v i
' 52
3 1S /
P3 - ' )
P4 —_ T4 e—— |-Beam

z T e+ scintillator S3

| IINEEEEEEEEEEEEEEE]
BGD | EIEENEEEEEEEEEEEEE]
I IEEEEE NN RN

Y

X Honeycomb PS

1 1 1 1 [ 1 1 1 I |
0 10 20 30 40 50 60 70 80 90 100 cm

Total of 4 flights — 3 successful

Goal: measure CR fluxes of electrons,
protons, and nucleito ~ 1 TeV

Instrument not optimized for electron
detection.




E.°dN/dE, (m™s™'sr™'GeV?)

All 3 Successful ATIC Flights

T T B 1,000
' Preliminary ' % ' Preliminary
& :
¢t 7 %
[ ¢+ + I T i iﬂ’
R e J A + o [T "i‘*@ﬁfﬁ%ﬁ $
100 F + g E 100¢f B | ||
5 T ATIC 1 S8
[ ATIC 1+2+4 +1 = ATIC 2 )y
i ATIC 4 N
L
10 i " PR S T | i i PR S T | i i 10 L L PR | 1 1 PR Erare  | L
10 100 1,000 10 100 1,000
Energy (GeV) Energy (GeV)

> Significance of bump for ATIC1+2 is about 3.8 ¢

> This caused considerable excitement and
speculation.

> Recently analyized Flight 4 data shows same “bump”
and significance of ATIC1+2+4 is 5.1

> Dashed line indicates expected electron spectrum
extrapolated from lower energy



PAMELA Satellite Experiment

Launched in Spring 2007 A High Energy Electron Event

Magnetic Spectrometer measure sign of charge and momentum

Goal: measure e+/e-, p/p , Helanti-He, etc. as well as spectra



PAMELA Positron Fraction

— s arei Sirorag, Al 431, 864 (155
AEELL

Unexpected! o - _:
Positron fraction increases above &0_1'8 g E
10 GeV! 016_ £ WuwrdTeg e

0.14F

Note that Geomagnetic cut-off of
primary cosmic rays is O(10 GeV)

Data below 10 GeV is dominated ~ sosf _ﬁf :
by trapped radiation and fluxes are 0.06f N %%H.}H% .
sensitive to Solar Cycle ooe- T \k
0.02F =

E il Ll Ll g

1 10 EmrgY:gzeV)

ATIC Electron Spectra & PAMELA e* Fraction caused excitement in 2008!

-

o
(=]

.‘D .
B

N - N g

o, |-I.M ‘i’;}{i 1 |,

™~ e

L]

99999999999

0.01

» More than 200 papers in the last year
» Local source of electrons — Astrophysical? Dark Matter?



/‘i
“mermi Overview of the Fermi Large Area Telescope (LAT)

Gamma-ra

Tracker

[surrounds
4x4 array of
TKR towers]

Calorimeter

Systems work together to identify and measure the flux of cosmic gamma
rays AND (e*+e-) with energy 20 MeV =—> > 300 GeV.




/l

a
S erml

The Fermi-LAT e*+e- Spectrum

’ Space Telescope

Large number of events
seen in the LAT

> 1500 electron o

events/day above 100 &

GeV rlqm

> 1LAT day ~yearfor ¢

PAMELA N

> 1 LAT day ~ ATIC 3
Balloon Flights ~ 100

L

51

L

Large number of events allows
for detailed systematic studies

" @ ATIC—1,2 (2008)

w HESS (2008-09)
@ FERMI (2009)

. conventional diffusive model

10 100 1000

E (GeV)
J. Chang et al., Nature 456, 362 (2008)
F. Aharonian et al., Phys. Rev. Lett. 101, 261104 (2008)

A. A. Abdo et al., Phys. Rev. Lett. 102, 181101 (2009)

F. Aharonian et al., arXi:0005.0105v1



The CKM Matrix

« V connects quark mass ar - [d
eigenstates to weak interaction STI=VS
eigenstates and thus bt) b
describes coupling strength of quark transition
guarks to charged current . o~ W
weak interaction L

GV,

(Vud Vus Vub\
V — Vcd Vcs Vb

C

\th Vts th Y,

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell) 56



The CKM Matrix

' u ... reflects size of
matrix elements
V p— C
CKM (areas of squares
i proportional to |V;[?)
d s b

* |In 3-generation Standard Model CKM
matrix is a unitary 3x3 matrix

« Search for physics beyond the SM by
testing unitarity of CKM matrix !

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell)



CKM Matrix Element Magnitudes

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell)
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V. Vi Vi)

V, V. V, _ _ _

Vo Ve Y, CKM matrix unitarity check

Inputs: V., [=0.97424 + 0.00022 |V, |= 0.2252 + 0.0009 |V, |= (4.07+0.38)x10?
IV, |= 0231 % 0.010 Vo= 103 £004 |V, |= (40.6£1.3)x10°
IV, |= (8.1£0.6)x10° |V |]= (38.7£2.3)x10° |V, |= (1.00+0.10)x10?

V4 I+ 1V, >+ 1V, > —1=-0.0004+0.0007 (-0.60)

V, I+ 1V, I+ 1V, —1= +0.11£0.08 (+1.30) Magnitudes of CKM
Vg P +IV F+IVp 1= +0.00£0.20  (+0.00) matrix elements
Vo, P+ |V, P +|V, F=1= +0.003£0.005 (+0.60) fulfill unitarity well
V. F+|V [ +|V. [ -1= +0.11+0.08 (+1.40)

Vo +IV, | +|V, [ -1= +0.00£0.20 (+0.00)

From V_ and V

AA% =(40.1 + 1.1)x1073

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell) 59



Rare B decays  Toru lijima (Nagoya)

=" Talk Outline

There are many places to look for NP in rare B decays.
Review the present status of NP search in

. B—lv, tv, Dtv >M-< < A
- SN E T
+ bl o W |

* b—sg + b—uqq ‘CQ
o
—a &0

Results are from [¥s»y L)




Luminosity at the B-factories

o ounies prdd
il LA 5S- 86 fb-
KEKB 3S: 3.3 fb
for Belle

800 |- e L 7S 6.7 fb-

1S: 7.6 b
. Off peak: 90 fb

oot
| | | | —— |~553 fb-"

4S: 433fb
3S: 30fb
M BB 2S: 141

Off peak: 54fb-

pves I I R R A

~ 470

200

Stopped in
for BaBar | | April2008

0

1998/1/1  2000/1/1  2002/1/1 20047171 20067171 20087171 200104141




» Recently observed: CS mesons

inconsistent with model predictions
in B—DDK, in ete—DKX
= New study of inclusive D®)K from e*e-—D™KX

arXiv: 0908 0806

20000 |- ] 4000 e S—
- (a) [ gy - D,,(2700) confirmed in D*K

. i 1 %o 4 "« Ds1(2700 ] .
~15000 Ds2(2573) - = 3000 1(2700) ] Fit to M =2710 £2"> MeV
;lgggg_‘} S 2000 - Ds,(2860) _ M(DK) I' =149 + 7t§g MeV

' i 1 and : :

2 = i i D, (2860) confirmed in D*K
S 5000 £ 1000 [+ D=(3040); M(D*K): 1500 5
5 = 3 ] M =2862 +25 MeV

0 bt : 0 : T =48+3+6MeV

470fb"! 'lﬂﬂ(@ﬂﬂl- Mml D,, (3040) new, only in D*K
i p _ +30

SGDO | DSZ( 573) _3 : 51(27OQ) _ | 5J(2860) M — 3044 i_ 8_5 MCV
= A

_|j2 i 1 075 - F — 239 + 35+46 M V
1 d — ] 03 - /+/ H . +35°, Me

& 2000 F _f

o I e ! Lo T Ds1(2700) and Dsy(2860) have
T 1000 [ D.,(2860) e b b patural JP=1-,24.3..

= C Bt helicity angle Ds,(3040) not seen in DK =
@y ———— '% ' unnatural JP=0-,1+,2-...

T Muexkesm

Interpretation: n=2 radial excitations” L=2 orbital excitations”



observed in B—»XK by Belle g

X(3872)

Confirmed by Babar, CDF, DY

arXiv:0809.1224

2 [y (3872)< 2.3 MeV
E o 24 b1 §- "
"y Preliminary oo Tt S T T TR TR
16 (GeVic®)
arXiv:0810.0358
Mode Mass [MeV] %fﬂ; B -KD'D* B
X (3872)— J /yzz PDGO7  3871.4%0.6 Sac D_F—ﬂ%y
X (3872)— J/yzz Belle  3871.46+0.37+0.07 - Ir Tlel T Jﬂl (Ll
X(3872)— J/wzx CDF  3871.61£0.16+0.19 : L
M 5o + M 5 3871.8+0.4 N ']')0 0 — |
— o Al D* D%
X(3872) > D'D " Belle  3872.673+0.4 S af H 657M BB
. e .
X(3872) > D'D  Babar  3875.17°7+0.5 & 4 L JH'[ I IJVT{M_
R = e e
X(3872) Mass be|OW or above DODO*? 05576 3880 3890 3560 3910 3920
. M(D*D) (MeV/c?)
Peak at DD threshold is from X(3872)? | Br(X — DD*)

~10

Br(X — J/w zr)




Y fam||y e*e'—open charm yisr

D
S
- % |. i PRD77,011103(2008)
don’t match the peaks in DOD®) x-sections  ©1[ H [ pD
= 90%CL limits for Y(4260): 0 ‘ﬁm{- ““M‘* Mﬁ, !
o = = — S 12
ﬁﬁ er(pd) . _BrPD) _,, Br(DD)<4O ik Siig E —
£ 1Br(J/yzr) Br(J /yzx) Br(J /wzr) '|* ++ 4~ !
PRD79,092001(2009) 20 f +'|'+¢d'm '
=  Widths for w1 transition 0Llit ! . *"'H"""-'-MJ-"---;
@: : PRIL98, 092001 (2007)
too large for conventional charmonia 4r g;mm TP m——
= Y(4260) is DD+ molecule, ccg hybrid? 2F T T
- T =
DD+ [—=DD*1m] decay should dominate oLl b |""""~|"'-"‘"P*'«-'r__—n-
but no signal found 1  PRL100,062001(2008) + g
s T | DDz H+ ;
E i1 0908.0231[hep-ex] 0.5 +
Lsp o[ bp } R
- Lo — SRR aiﬂ.ﬂulnﬁ .ﬂ!ﬂﬂ ﬂh“'ﬂ
b .Y(4260) DD*n Br(Y(4260)—>DD 4 ) <9 0 Pl|{L101 I172001(2008)
: W(4a15) Br(Y (4260 /yzz) | osL ++
5 | | AFAT | Y(4660) ? ++ i- +
0 :u L v 1y W*#m+.l

38 4 42 44 46 4.8
\’s,Gerc



M2(p(28)1*)

Z(4430)i_)lp(23)"i PRL100, 142001 (2008)

* Found in @w(2S)m* from B—-y(2S)*K. Z parameters from fit to M(w(2S)11")
» Confirmed through Dalitz-plot analysis of B—w(2S)m*K

=
. Significance: 6.40
| D
= ’ fit for model with K*'s onl
o —=fit for model wi s on
£'(4430)) | 657M BB _ _ Y
~ 3 < ®F == fit for model with K*'s and Z
- M = 4433715 MeV
L e P [D=107 55T Mev
Y S Hll A KZ*(1430) | e | B e '_2_'2“'__
K*(890) .ﬁ'(Kﬂ)(GeV’) | M(n"y), Gevirct PRDS0, 031104 (2009)
M2(KTT+) M2(yp(2S)1*) after K* veto

[cu][cd] tetraquark? neutral partner in @’ expected
= D*D¢(2420) molecule? should decay to D*D*mr



Discovery of np
= Expected production: M1 transition from Y(3S), Y(2S)—yno

o . -m?
= monochromatic line in inclusive Y spectrum E — 7o
7 24s
PRL 100, 06200 (2008) arXiv:0903.1124
10000 ————————————— ~10000- ———
= Non-peaking 1 = F
< 8090 Background o 8000
é s000f— subtracted S so00f
3 40001 T.:’; 4000; XbJ |
- 2000 & 20001
op th+ A syl wnmd L GE ............... i Lap LUt 3 dls b 8
%} +H ] 4
? ..... L A20MY(3S). o 2 100MY(2S) ]
5 0.6 0.7 0.8 0.9 1 1.1 0.3 0.4 0.5 0.6 0.7 0.8
E, (GeV)
M (77,)=9388.9} £2.7MeV M (77,)=9392.97}¢ £1.8MeV | Peaking background:

Y(nS)—>, ot
NS )r\/hﬁfd

= combined result:
M (17, )= 9390.4 £ 3.1 MeV 5
M (Y (1S))-M(3,)=69.94£3.1MeV  Theory ~60MeV CEY st S

= Exclusive search difficult: hadronic decays BF~10-° (no—gg—qgq : OZI
suppression), large multiplicities



Comb./10 MeV/c?

Events /(0.08GeV /c?)

b-baryons at Tevatron

2" CDF in 2006

Observation

of ()., [ssb] by D@
fully reconstructed, special tracking for
long lived particles, production rate wrt =, —J/p="

*[17.8+49+038 (5.40) M(Q,)=6165£10+13MeV
DO
1.3fb' | |Theory:5.94<M(Q,)< 6.12GeV
fb—0,)Br(0, > Iy Q) _ g4 0,35701
I flo—Z,)Br(E, »J/wE) '
O LT R L

=p : CDF,DQ in 2007

L 1
58 6 6.2 6.4 66 68 7

M(JAb(1S) ) Gev/c?

in CDF (4.2 fb"): simultaneous mass vs lifetime fit

16%(5.50)

Jua

M(J/4)

nimnin b 1 L 1 d I
58 69 6 61 62 63 64 65 66 67 68

GeV/c’

PRL101, 232002 (2008)

M (Q,)=6054.4+6.8+0.9MeV
7(€Q,)=1.1370% £0.02ps  [Theory:0.83 < 7(Q,)<1.67ps

arXiv:0905.3123 mass from CDF and D@ different.
The same baryon observed?




Conference dinner







Recent results on tau and charm Yifang Wang
(IHEP, Beijing)

Tau & charm from dedicated colliders

SPEAR, SLAC, '72-'90 BEPC, IHEP, ’90-'04
6210%% em2.51 . 5 105 gm2.st

ADONE, FRASCATI '69-'90

CESRe, Cornell, '04-'08 VEPP-4M, Novosibisk, ’02-'12(?)  BEPCII, IHEF, "08-"18(?)
7 X103 em2.st 1X10% em2.51 1X10% em?.s7




First observation of y(25)—>Q*Q)-

* This decay mode is thought to be mainly produced from the
annihilation of three gluons into ss pair.

L i‘,%‘."n:fﬂ.l‘ﬂ
By (25) > Q™) =— 1_
N, s - B(Q— AK)* - B(A — ) ¢

=(3.21+1.25+0.86)x10™

Statistical significance ~ 5c

000

] . .

) F vt BESI preliminary
B L. u.uy ]
B 0.00 23.0 a.00

000 o 0. 0 Q.00

XY, Z type of particles in ss system ?
Hint: Y(2175) 7

BESIII will answer these questions
with help from theorists




BESIII Commissioning and data taking milestones

Mar. 2008: first full cosmic-ray event

April 30, 2008: Move the BESIII to IP Peak Lumi. @ Nov. 2008:
July 19, 2008: First e*e” collision event in BESIII 1.2 x10%cms™

Nov. 2008: ~ 14M y(2S) events collected Peak Lumi. @ May 2009:

. 3.2x10%emst =2
April 14, 2009 ~110M w(2S t llected(x4 CLEO
pri v(2S) events collected(x c) 5 CESRc

May 30, 2009 42 pb? at continuum collected .30 BEPC
July 28, 2009 ~200M J/y events collected(x4 BESII)




EM transitions: inclusive photon spectrum

N, (2'S) —< ¥ (28,

T —— ——
-

e, - O ke
f 1P;———-qzﬁ_1ﬁ“¢ﬂ
;-’:’-’; -":n:n“qpu:'
.-'Z':-."f:-’.-'"' .
o N, (1'8,)
IE Ilm ]
Ham
= 200 —
L Xe1,22Y J/v -
: | ;
100— =
B Me ki
BESIII preliminary
OF

1066
E /MeV

I | | |
200 300 400 500



Study of y(2S)= yn'=x’ ,ynm (M =2 vy, ©°0 =2 vyy)

* Interesting channels for glueball searches

« Based on 110M y/(25)

* BK study from 100M inclusive MC sample

and 42pb1 continuum sample

* Unbinned Maximum Likelihood fit:

— Signal:

PDF from MC signal

— Background: 2 order Poly.

BR (107) Ao Ke2

n°n® | BESHI | 3.25-+0.03(stat) 0.86+0.02(stat)
PDGO8 | 2.43+0.20 0.71+0.08
CLEO-c |2.94+0.07=0.35 | 0.68=0.03-0.08

nm BESII 3.10.1(stat) 0.59 —0.05(stat)
PDGO8 |2.4+0.4 <0.5
CLEO-c | 3.180.13=0.35 | 0.51=0.05=-0.06

CLEO-c arxiv:0811.0586

w(2S) = ymemne

_aox o aceastirs 4 BESII
=35 N;r_-:z 4149+82 I
Oa000 &
o I |
dEEDU_ + T
—2000 [ .-' |
£1500 .I | + |
T 1000} | 4
Wego- ST

01 015 0.2 025 03 035

E(y) (GeV)
_wy(2s)=2ynm
= 400 1541+56 1 BESHI
O 350 N, 291+23 M Preliminary
5 0] /4
= 250 [
— [ |
@ 200} II
= I |
@ 190F 1 b
w 100+ ', tﬁf 4
E L
Ve, T e,
0.1 015 02 025 0.3 0.35

E(y) (GeV)
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NEUTRINO OSCILLATIONS 2009

[rev. Maltoni et al, NJP 6 (2004) 122]

global

SH+HEAE+-MINOS

: sl :
= T B ]
il A -
- D : :
‘ il g 3 ik
I [ ML — -
_ E T_— =
'] [ atmospheric 7

ﬂn_l III|IIII 1 1 1 1 IIII_
III I I I Frrrl I | I ﬂ 'E &5 E-?'E T

90% CL (2 dof) L
SN El23



Neutrino mass Christian Weinheimer (Munster)

WESTFALISCHE

Positive results from
Wiaree v oscillation experiments

atmospheric neutrinos
{Kamickande,
Super-Kamiokande, __)

Ve Ut U U gl
v | = Ut Upa Ups || w2
Ly Upn Uz Uss V3

accelerator neutrinog_
(K2K. MINOS. LSND.

MiniBoone)

solar neutrinos
{Homestake, Gallex,
Sage, Super-kKamiokande,
SNO, Borexino)

reactor neutrinos
(KamLAND. CHOOQZ, ..



WESTFALISCHE

Three complementary ways to the

Minsres absolute neutrino mass scale
10 T;E;I-mm .?h.éh ' Mpe] 16k 1
1) Cosmology H ' -
very sensitive, but model dependent F m‘m -5*_ E ]
compares power at different scales S fa t *ﬁi
current sensitivity: Zm(v) = 0.4 -1 eV I LSS . [tenng
v S A
= Oommic Microwswys Background |
;_ § W Cluskar shumdsnos B + l Shat
2) Search for OvpBp |- T -
2
P ‘(}, e ‘ P
L = 14,
n n
3) Direct neutrino mass determination: 4
P,
\Wﬁ‘:-.
= 1‘\""-\ m e
A
Mg, = 1 e g™ _
Introduction Christian Weinheimer Lepion Photon Ewmunﬂuuu;t 2009 4



B cxarts Double B decay
MIUNSTER
E normal (2vpB) neutrinoless (OvBR)
4
— p E? N_ p p ln:: C [ p
I - EII:! IE'_"'l.: . # .
-a- Ve = 1y
—58 : : : :
|
#
-1 Z Z+1 needed: a) v = v (Majorana)
b) helicity flip: m(v) # 0
or other new physics
Pl nEMDZ, B J - % | Heidelberg Moscow M <. )
| ol ir-f.-‘.l1 o Zvip Ovpp - l;;.u (enriched ™Ge) et
" . 750 e - B
I D A S A
R e R e ﬁ...l!l.-.l,!.u.!JL“-L“H!*IL.
Energy(e.) + Energy(e,) energy [5e¥]

Christian Weinhsimer Lepton Photon Symposium, August 2009 5



L Current and future

WESTFALISCHE

— ™™ double B decay experiments

2 ways to measure both jj-electrons:
semiconductor,
cryogenic bolometer

liquid scintillator tracking calorimeter

detector
source
— source
detector
detector
running:  CUORICINO running:  NEMO-3

setting up: GERDA, CUORE, EXO-200 setting up: SuperNEMO
planned:  Majorana, EXO, COBRA, SNO+ ..planned: MOON

Meutrinoless double B-decay Christian Weinhsimer Lepion Photon Symposiom, August 2009 3]



: Direct determination of m(v )

WESTFALISCHE

Minstes from E decay
B decay: (A.Z) — (AZ+1)" + v,

B electron energy spectrum:

dN/dE =K F(E.Z) p E,. (E;E) Z|U_]* V(E,-E.)? — m(v)?

(modified by electronic final states, recoil corrections, radiative corrections)
1.2

- . 10
1 E .-: . const, offset —mi v, ) a"‘e"ﬂge‘j
3 ¥ ; s, fm  NEUtrng
S 0.8 ) - mass
L ] —
_;J_._:- - ¥ =
s06F =R —~m, =0aV¥
i [ = -
__E.I:'-fi - II""-‘ ! < =13
s ' / 2 | \ ~2210
02E \ '  my=1eV -7
E , ] L L
""""'1':]'"'1'5; L B S g gy p— g S R o}
energy E Lkall E—E. [=V]




_— The Karlsruhe Tritium Neutri
Misrex experiment KATRIN

Is being set up at the Forschungszentrum Karlsruhe *.’J-Ls

Physics Aim: m(v_) sensitivity of 0.2 eV (currently 2 eV) i NEE&

* higher energy resolution: AE = 1eV

since E/AE ~A___ . e = larger spectrometer

e relevant region below endpoint becomes smaller @10m
even less rate dN/dt ~ A_ .~ A_ .. e = l@rger spectrometer

 small systematics = windowless gaseous tritium source

e much longer measurement time: 100d— 1000d

5
windowless g-agei%urce .
mD‘E‘.CmaT tritium _ b — =  EEmmm==TE 1o

o ]
ASp=CZE==SE2

S —
W W - e |
afra L e e =
- . =

(Scientific Report FZKA 7090)
KATRIN Christian Weinheimer  Lepton Photon Symposium, August 2009 15




: Main Spectrometer — Transport

' WESTFALISCHE

e s ™ to Forschungszentrum Karlsruhe

4

[ .

Tritium Laboratory Karlsruhe

e - g + I iy

spectrometer
hall

Cepfon Pholon Symposium, August 2009



i — KATRIN's sensitivity

——— MNSTER

- 10 F
Example of KATRIN simulation & fit RE KATRIN
(last 25eV below endpoint, reference): L m—i__Mainz
5 . s
8 oa
11 3 M B i
2 Tm=035 eV i
Expectation for 3 full beam years: o, ~0,,  _ F '
E.ﬂ :—E- [
g 18.55 1856 1857  18.58
B o E m aplimize energy fkev]
:%B. 3:|:r1ﬂ i d
g _ | discovery potential:
E‘i ....... A g e m, = 0.35eV (50)
....... s sl me = 0.3eV (30)
. | sensitivity:
- . nuutrinnmassm[ﬁﬂ m'..* “: Ozev (QD[‘H]CL)

KATRIM Christian Weinheimer Lepton Photon Symposium, August 2009



My Conclusions

Very educational conference!

Results illustrate the power of high statisics and
long running expts (HERA, CDF/DO0, BESII,
BaBar etc

MUCH in PP is of interest and great importance
outside the LHC regime.

With its marked concentration on LHC, is UK PP
aligned on right lines?



Extra /spare slides

* Not shown In the talk.



QCD at the LHC Nigel Glover (Durham)

Recombination algorithms

Compute the smallest "distance” d;; or d; g and either cluster i and j together

or identify : as a jet

di; = min{kf,, kg, } ARy /R, dip = K,

AR? = An® 4+ Ag?

Algorithm P clusters first | comment
[eads 1o very mregular |els
kr/Durham =0 softest includes a lot of underlying event
hard to get jet energy scale right
Cambridge/Aachen | =0 closest still leads to very irregular jets
similar problems to kT algorithm
shape of |et insensitive to soft particles v
anti-ko <0 hardest cone-like jets

may be easier to get jet energy scale right /

QCD atthe LHC —p. 28



Recombination algorithms

Visible benefits of anti-kt
algorithm!

QCD atthe LHC —p. 29



Fundamental measurement

Sensitivity to rule on several new models

_1g® R Hlectro-
Ed magnetic
= i
E b
- 22 B
3 - ”.: Ei |.
" iB
24 [ i3
E =10 &:* :‘
s .
= - | & ;
i Multi *
- Higgs |
—
=] - B 5
E 104 L F :
= b Lefi-Right @~ O/F
B o
. L]
0 i)
10 = T T I rr 10 ) '
1960 1970 1980 1990 2000] E
no N
= 10 F
14
=10 Standard
i Model
-3
- 10" )
TR
e-CcIin

J.M.Pendlebury and E.A. Hinds, NIMA 440 (2000) 471

ASMNS LN

Gray. Neutron
Red: Electron

l New physics introduces
| CPV and EDM

ERSIIEE0 AT
HE2M0022] g

CPV needed to
matter-dominant
universe!!



Ratios of cross-sections at 7/10 and 10/14 TeV for processes induced by gg and qq

J.Stirling J.Stirling

* Going from 14 to 10 TeV, more difficult to create high mass objects ...

* Going from 10 to 7 TeV, another similar suppression factor applies

* Examples of suppression of cross sections going from 14 to 7 TeV
W, Z ~45% 120 GeV Higgs ~30% 1TeVZ ~18%

K.Jon-And, Lepton Photon, Hamburg, 17/8/2009
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fractional contribution

Direct Photon Production

q

4 v g‘ 4
_ Y g
9  In~r N Q00|

direct photons emerge unaltered from the hard subprocess
- direct probe of the hard scattering dynamics
- sensitivity to PDFs (gluon!) ...but only if theory works

inclusive photon cross section O<n|<0.2
partonic subprocesses

.
0.2
0.2
0.7
0.6
0.5
0.4
0.2
0.2
0.1

0

99

(all quark/anti-quark
subprocesses)

aq

50 100 150

200

250 a00
pr/ GeV

also fragmentation contributions:

q

suppress by isolation criterion
- observable: isolated photons
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|Isolated Photon + Jet

- - : Phys. Lett. B 666, 2435 (2008
investigate source for disagreement ys. € (2008)

. . 1'62—]).@ | hf \<08 y’y’ >0 E3 15<ly|<25 yiy"s0 1
~>measure more differential: raf S s o | y :
- tag photon and jet T —— T 1 I -

“E=c-d

- reconstruct full event kinematics!

o
Lo
L
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e
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e
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- 4
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o—+ @i
| |
I I
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|

!

e measure in 4 regions of yr / yiet
- photon: central s "
- jet: central / forward : i<os <o 3 15 <l <25, y"y" <0
- same side / opposite side i

Ratio of cross sectsons Data/Theory
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d |Scre pa nCIeS In data/th eo ry 0.6:— * I ] ‘,E — {ﬁ"o of dalta to ‘“ftor.yt(JETPHox) _
. . i . i g [ eor. scale uncertainty i
- figure out what is missing... 0af F - rato of MASTO o CTEGB.5M
h - h d ? 0 2:_ 7.8% is overall normalization uncertainty _E - ;3}:8 g: égﬁgggi}%gég%%am ki
¢ |9 er orders: ' 30 100 200 30 100

* resummation? Py (GeV)
. ..777

91




Jet Production

largest high pT cross section

at a hadron collider Unique sensitivity to new physics:

- highest energy reach - new particles decaying to jets,
_ - quark compositeness,
Jet - extra dimensions,
- ...(?)...
1(105 0.1 0.2 0.4 xT
S jet ® - inclusive jets: Tevatron Run Il
% 0.8 [~ ly|<0.4
2 £ — jets
In the absence of new physics: 5 o8 [ ]
theory @NLO is reliable (+10%) 5 o 99 = Jets
- Precision phenomenology g 02 gg — jets
- sensitivity to PDFs - high-x gluon o Lo

50 100 200 400

- sensitive to a, GeV)
Pt (\a€ 92



Summary

Solid methods
Precision results
Consistency between experiments

- Impact!

And we have only started:

This talk: results with up to 2.7 fbl
More to come - 7 fbldelivered / 12 fb-1 by 2011
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Measuring an Electric Dipole Moment

Basic technique: measure precession in external fields

2u,B

' h
C_— —D (~ 50 Hz for B~ 0.1G)

* Larmor frequency: Wg = —

) | 2d.E
* de: additional precession: W =
LB
| 4d.E
g I— Octp = p A0 ==

* Apply static B, E||B

+« Look for Aw on reversal of E




Measuring EDM of muon

Muon EDM " [T

WDirectCPVin  sof ~= ] e
Lepton Sector '

10" infarred limiis from ]
u d, <16 10" sem ?
ECPV Required L e i pollbed -
beyond KM 10" l Experiment at -
J-PARC -

theory:

-H
10 modst-indepandent reatian 1o

100

10%

Courtesy PSI EDM collaboration year

1970 1980 1890 2000 2010 2020 2030



Novel Detector Technologies Hitoshi Yamamoto (Tohoku)

(Photomultiplier Tubes)

TPWIHBITTRE &
50

45

Ultra Bialkali
40 r’/
35 / Sl \ « Some new developments
. iy \\\ (Hamamatsu)
5 j G“"ﬂmﬂiﬂ'“ﬂ"\\ —Low temperature operation
20 / / \\\\ * Operation in Liq. Xe (-
I \ 110 deg C) etc.

QUANTUM EFFICIENCY (%)

y / \\ « Avoid photocathode
= current saturation

* Now PMT can be directly
gun 250 300 350 400 450 500 550 600 650 700 immersed in qu Ar’ qu
Xe. (e.g. Dark Matter
experiments)

WAVELENGTH (nm)



Auger South size & status
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Multi-messenger observations of the Cosmos

cosmic
accelerator

protons E>10'° eV ( 10 Mpc

__///

\ gammas  (Z <D )
protons E-c::lDl\/

protons/nuclei: Deviated by magnetic fields,
Absorbed by radiation field (GZK)

photons: Absorbed by dust & radiation field (CMB)

= Three “astronomies” possible...




Top Quark Pairs

= Measure cross section in a tagged

and pre-tagged dilepton sample
== good test of signal model

CDF (4.5 fb', m= 172.5 GeV), b-tagged:
O y(dil)=7.320. 7(stat)20. 4( 3yst)20. 4(lumi)pk

CDF (4.5 fb', m= 172.5 GeV), pre-tagged, :
0  (dlil)=4.620. §(shat)20.4(syst)20. 4(lumi) pb

O 1% 00 10 40 500 Ge 00 WO a m T I =
Boalar puT oY Y LS AT BT e, FETVETE R T g Ny, Cal'

Measure cross section in a background
dominated sample

= Consistent results

iy
L]
[

o : . .
= . DO data. 1 b5 = Background is hard to model
E + I g::;l ’ = Poorly known cross sections
E}EDG | Background » Data driven background model
)
200 © = Train NN on signal and background to
purify the sample
100 |
w CDF (2.9 fb', m= 172.5 GeV):
i s awrarrarnalill 0 4 (all-had)=7.210.5(stat) £1.5(syst)20.4(lumi)pb
%.D 02 04 06 08 1.0 DO (1 fb", m= 175 GeV):
L oy (all-had)=6.9 11.3(stat)t1.4(sys)10.4(lumi)pb




Anti-Proton Fraction

e
F S

----------- Donato 2001 (D, $=500MV)
------ Simon 1998 (LBM, ¢=500MV)
Ptuskin 2006 (PD, ¢=550MV)

® PAMELA

0.35

e
w

0.25

Plp
=
[

0.15

e
mach,

0.05

2

o
=k T

10
kinetic energy (GeV)

10°

Pp

104}

@ o000 A%

IMAX 1992
BESS 2000
HEAT-pbar 2000
CAFPRIGE 1998
CAPRICE 1994
BESS-polar 2004
MASS 1991
BESS 199597
BESS 1999
PAMELA

D

+

10
kinetic energy (GeV)

Nothing surprising seen in anti-proton / proton ratio

Anti-proton abundance consistent with expectations for secondary CR

production off the Interstellar Medium
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Global CKM Fit

All constraints

Rl NN B R OV I I I 0{2(89.0131)0
ok - B =(21.1£0.9)"
Fsin2p ] y=(75+12)
05 4 3
C Euﬁ% ] 0
= o0 iEe 2 05+,B+7/=(185i13)
—ﬂ.S:— —:
: . 1 Consistency of angles
10 %1 and sides from global
1 Cre e °
_1_5 C L1 l”nnl I L1 1 1 i L1 1 1 | L1 | L1 11 i Il .J .J ] flt
e e e — Overall good fit (CKMFitter:
. P . global p-value 45%)
UTFit: p=0.154+0.022 CKMFitter: ,5:0.139f8:8§§ — ~20 tension between sin23
77 =0.342+0.014 7=0341°00 and g/ V

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell) 101



Vud Vus Vub
%W Y% Y| \/ _from nuclear 3 Decays
th VtS th 7 T 7 7 v r
3090
° O"'_)O + Super_allowed 3080} Before nucleus- 1
. . L dependent corrections ... i
nuclear (3-decays within
same isospin multiplet (pure 2 sl
V deCayS) 3{}50: ] i}i 5 iNgv\fPenning-trap
measurements of -
3040 } } . decay energies
* Other V , measurements I s
. 10[:_ 2 SSKFI'I 4€L1ur
compatible, but (7-10 x) less ‘o = S Ga Ao
; C) afskafteco |
precise 00 '
t%sneﬂ } l
- +
V.| = 0.97425 + 0.00022 | SRS “”H ]
3060 L 1 1 L
0 10 30 40

20
Ft= ﬂi(bﬂdﬁf@@”r Ons —Oc)
Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell) 102



Neutral cc-like states:

conventional ' = |f properties conventional
= |f empty slot in cc spectrum

- £, = Meson and antimeson loosely bound
qQ-.7. Cc by pion exchange

Y = Mass = sum of meson masses

DWE D&l = Decay: dissociation into constituent mesons

molecular

» Coloured” quarks tightly bound

| by gluon exchange

e ad = Decay: rearrange into ,white” mesons —
o dissociation

C ’ = Lattice QCD: hybrids > 4.2GeV
= Possible exotic JPC : 0*, 1-+, 2*...

C = Large hadronic transitions (W1, Yo, ... )
————JBrodzicka @ tPoY 103




Charged cc-like states:

minimal quark content: [ccud]
= must be exotic!



o Cryogenic bolometers with *’Re
Mnmae AT MIBETA (Milano/Como)

'“HIII ;- Electro-thenmal link Paramete rs

T Tharmomster

detectors: 10 (AgReO,)

rate each: 0.13 1/s
energy res.. AE =28 eV

pile-up frac.: 1.7 10+

235 2.40 245 250 2 55

energy [kev] (M. Sisti et al., NIMAS20 (2004) 125)

MANU (Genova)

- Re metalic crystal (1.5 mqg)
- BEFS observed (FGatti et al., Nature 397 (1993) 137)
- sensitivity: m(v) < 26 eV (F.Gatti, Nucl. Phys. B91 (2001) 293)
. Direct neufrino mass defermination  ~~~~ Christian Weinheimer  Lepton Photon Symposium, Auqust 2009 12



Low Mass analyses:
L= 0.9 - 2.7th?

(results with more lumi-
nosity as presented before

are NOT yet included in
this combination)

1 M,=11!
{}haeweﬂ 2>2.5x0,,,
Expected =2. 4xc:

High Mass analyses:
Higgs cross sections use
most recent theoretical
inputs including MSTW
2008 NNLO PDF set

Moriond '09 Tevatron Combination

95% CL Limit/SM

—h
=

Tevatron Run Il Preliminary, L=0.9-4.2 fbo™

' _Tevatron

AR | LEP Exclusion!
N ' Exclusion
A = [Expecled D
| e OEmseneed iI,..---"

B0 1o Expected
+2¢ Expected - -

Bayesian 150 155 160 165 175 180 185

Expected 18 15( 11 11 14 J16 19 22

Observed 19 14 N0.89 086 0997 11 12 17
"1.._____________.-"‘

We exclude the SM Higgs from 160 to 170 GeV at 95% C.L.

These Moriond ‘09 CDF-DO combined limits are obtained with

Gregorio Bernardi/ LPNHE-Paris @D~ €ffective” luminosity of 2.5/4.0 fb? at low/high mass

19



	LP09: Lepton Photon Conference
	LP09 programme
	Slide Number 3
	Proton structure, Alexander Glasov (DESY)
	First measurement of F_L
	Beyond HERA
	HERA: ongoing physics
	     Fermilab Tevatron - Run II
	Inclusive Jets
	Dijet Angular Distribution
	           Dijet Angular Distribution
	Incl. Isolated Photons 
	 Summary
	Rare muon decays + EDM    Toshi Mori (Tokyo)
	Slide Number 15
	Muon decay
	Muon decays on nuclei
	At   PSI : decays of stopping muons
	Muon decay kinematics
	MEG results
	New physics at low E     Joerg Jaeckel (Durham)
	Helioscopes
	MCP-PMT (Microchannel Plate)
	HAPD �(Hybrid Avalanche PhotoDiode)
	HPD (PD = pixel sensor)
	Geiger-mode APDs�(SiPM, MPPC, PPD…)
	High energy cosmic rays   Miguel Mostafa (Colarado)
	High energy protons
	Large scale experiment in Argentina
	Observe cut-off due to interaction with CMB 
	Principle of neutrino detection
	High Energy Neutrino telescopes
	ANTARES
	�Scrambled 2007+2008 Skymap��
	Looking for diffuse fluxes above the background of atmospheric neutrinos
	Excursion to Lubeck : Hanseatic city and home of marzipan
	Top and EW physics at high E      Fiorencia Canelli (Fermilab)
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	All 3 Successful  ATIC Flights
	PAMELA Satellite Experiment
	PAMELA Positron Fraction
	Slide Number 54
	The Fermi-LAT e++e- Spectrum
	The CKM Matrix
	The CKM Matrix
	CKM Matrix Element Magnitudes
	              CKM matrix unitarity check
	Rare B decays      Toru Iijima  (Nagoya)
	Slide Number 61
	 cs mesons 
	X(3872)
	                           Y family  
	Z(4430)±→ψ(2S)π±
	Discovery of ηb
	                 b-baryons at Tevatron
	Conference dinner
	Hamburg: international seaport
	Recent results on tau and charm   Yifang Wang (IHEP, Beijing)
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Neutrino mass   Christian Weinheimer  (Munster)
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	My Conclusions
	Extra /spare slides
	QCD at the LHC     Nigel Glover (Durham)
	Slide Number 87
	Fundamental measurement
	 7 GeV vs 10 TeV vs 14 TeV 
	Direct Photon Production
	           Isolated Photon + Jet
	Jet Production
	 Summary
	Measuring an Electric Dipole Moment
	Measuring EDM of muon
	 (Photomultiplier Tubes)
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Anti-Proton Fraction
	Global CKM Fit
	         Vud from nuclear β Decays
	Neutral cc-like states:
	Charged cc-like states: 
	Slide Number 105
	Slide Number 106

