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http://lp09.desy.de/

Overview

e XXIV International Symposium on Lepton Photon
Interactions at High Energies, August 17-22, Hamburg

 Very nice and very well organized conference
« 387 participants

18 sessions with 54 plenary talks

1 poster session, 74 posters
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Session Summary

« LHC  Heavy lon Collisions
- QCD * Future Projects
 Electroweak and Top
Physics

« Gravitation and Cosmology
 Searches

 Dark Matter and Dark
 Flavor Physics Energy
 Neutrino Physics  Astroparticles

Agenda with links to slides and videos:
http://indico.desy.de/conferenceOtherViews.py?view=standard&confld=1761
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In this RPM

« LHC and collider physics
- Juerg Beringer

 Astrophysics, cosmology, dark matter, gravitation
- William Carithers

* Neutrinos and non-accelerator physics
- Cheng-Ju Lin

Apologies if your favorite talk or topic is not covered in our summary
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LHC and Collider Physics
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H. Burkhardt
LHC Status — August 2009

damage repair

39 dipoles and 14 quadrupoles removed - and re-installed. Last magnet back in tunnel on
30/04/2009, electrical connections finished 2nd June

avoid reoccurrence

¢ Improved diagnostics, measurements of magnet interconnects - splice resistance

> 50 9% of machine ( sectors, 1-2, 3-4, 5-6, 6-7, all standalone

magnets) with fast pressure release valves

¢ Improved anchoring on vacuum barriers around the ring
¢ aperture symmetric quenches

¢ Enhanced Quench Protection System  and joints in magnets
® 2 x faster discharge

¢ Remaining risks minimized by keeping maximum beam energy hmlted to 3.5 - 5 TeV for the

first run
Major amount of work - much of the hardware work is finished

Time also used to further improve crucial systems like BLM, complete collimator

installation ..

Restart LHC with beam by mid-November 2009



H. Burkhardt
@q Strategy for the first LHC physics run - “ |

Main strategy in commissioning
establish circulating beams and good lifetime at the injection energy. +  Sept. 2008

Chamonix 2/2009 baseline
1 month commissioning
10 month proton physics

1 month lead ions

August 09 : Detailed discussion of the knowledge from the 5 sectors measured at warm and
the 3 sectors measured at 80 K

All put together and discussed in special LMC meeting on 5 Aug. 2009.

Decision by management - 6 Aug. 2009.

i b Luminosity: Aiming

1. collisions at injection energy 2 x 0.45 TeV =09 TeV at colle cting NZOOpb'l

2. physics run at 2 x 3.5 TeV =7 TeV
3. physics run at increased energy, max. 2 x S TeV = 10 TeV

Towards the end of 2010 before the winter shutdown : 1st run with heavy ions, lead - lead.




Schedule July 22 (LMC23)

H. Burkhardt
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K. Jon-And

ATLAS: Cosmics Data Taking ...

Cosmic events collected from mid September to end October 2008
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Sum of RPC, TGC, MBTS L1 Triggers 216 million events --------- o
RPC Triggers (L1)

Bottom 'Downward' RPC Triggers (L1)
TGC Triggers (L1)

Min. Bias Scint. Triggers (L1)
Calorimeter Triggers (L1)

Inner Detector Track Trigger (L2)

EM Calorimeter Triggers (L1)

Several hun

Last update
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detector configurations before the first LHC beams.

Vertical areas indicate magnetic field status:
ORANGE: solenoid on, GREEN: toroid on, BLUE: Both fields on

dred million cosmic events taken in various

d: Sat Feb 14 23:07:33 2009
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K. Jon-And

ATLAS: ... and Results

Cosmic tracks cross both the upper and
lower hemisphere of the ID

rack Low

Tracks are split in the center and refitted
separately.

Direct measurement of the track parameter
resolution possible!
Already close to ideal detector performance.

Impact parameter resolution
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K. Jon-And

Correlation between the Inner Detector and Muon Spectrometer
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R. Cousins
CMS: Results from Cosmics

Alignment in Inner Tracker Muon Chambers
(Poster by J. Hauk) Energy deposited by ‘ Point Resolution
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R. Cousins

CMS: Timing & Energy Deposit from Splash Evts
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ECAL Endcaps (lhs), Barrel (rhs)
> 99% of ECAL channels alive, ~200 TeV energy deposited in EB+EE
Inter-crystals timing established (< 1ns), inter-crystal calibration EB (1.5-2.5% -
test beam + cosmics), EE (~7% from splash events)



K. Jon-And
ATLAS (and CMS): Expected Data Samples

Expected data samples (examples) with 100 pb-’

Note: expect up to 200 pb! after first physics run at high energy

Channels (examples) Expected no of events
in ATLAS after cuts

Vs = 10 TeV, 100 pb-’

JIg—=> pyu ~10°
Y => ~5104
W => v ~ 3 102
Z=>uu ~3104
tt->WbWb->pv+X ~ 800
QCD jets pr> 1 TeV ~ 500
g.g m~1TeV ~d
Goals in 2010:
-1
1) Commission and calibrate the detector in situ _using well-known physics samples few pb
eg. -Z—ee uu tracker, ECAL, Muon chamber calibration and alignment, etc. l
-tt > bl bjj  jet scale from W — jj, b-tag performance, etc.
50 pb-?
2) “Rediscover” and measure Standard Model at vs ~ 10 TeV: W, Z, tt, QCD jets ... ‘L
(also because omnipresent backgrounds to New Physics)
100 pb-T
3) Early discoveries ? Potentially accessible: Z', SUSY, .... surprises ? l




A. Golutvin

LHCb: Physics Prospects for 2010

1 Analysis commissioning in hadronic modes
Detailed studies of D->hh (rehearsal for B->hh)

i 1
Sl el - Separate Kmr, KK, rm and DCS Krr
B°>Kn 340 - Vertex and mass resolutions
B%D(KH)X 31k - Lifetimes

Accumulate samples of B->D(Km)m

B">D(Kn)r” 1300 (“ADS” control mode)
B*->D(Km)K- 160 - Study background environment
. 50 - Look for any evidence of B* / B- asymmetries

d Charm physics: 20 pb' and upward

( Exciting possibilities even with low luminosity)

An example: flavour tagged D°->KK events for measuring y.p
y=1(D% 2 Kmr) / 1(D° 2 KK) — 1

and corresponding CP asymmetlry

LHCb can collect ~ 10° flavour tagged KK events with 20 pb' (same statistics
as BELLE with 540 fb" ). Similar data sets for many related channels:

DO, KKmrmr, Krrr, KKK, D=2 KK ...



BR(B,=>u*u) (x109)

A. Golutvin

Prospects for most competitive measurements in 2010

With data sample of ~200 pb"

LHCDb should be able to improve
Tevatron sensitivity for B, - uu and ¢,
(present ‘central’ value from Tevatron would
be confirmed at 50 level)
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G. Bernardi
Tevatron: CDF and DO

Luminosity projections for Run II

1> . Running through FY11 would yield FY11 start
~10 fb-1 of data for analysis

11

0 FY10 start

9

8 AN

71 Real data for FY02-FY09

B Highest Int. Lum

B | owest Int. Lum

Integrated luminosity (fb)
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F. Canelli

Electroweak and Top Samples

® Span over a wide range of cross secfions

Tevatron Run Il pp at s = 1.96 TeV

10° = :
= : —#— CDFRun I
i e
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'g s ; : ; :
= :
o - ! '
= B e . m i : :
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are interesting | i | | | | | | | !
because they are
e < w, < 4 W> ¢t Hire H
backgrounds in Higgs 4 "w < * (150 Geré-?o

boson searches

New this year: more data + the difficult channels, large backgrounds,

easy kinematic handles zy >vwy WW > jj WZ > Wjj ZZ > wvjj Single top >

Nno
Ivjj




F. Canelli

Single Top Quark: Tevatron Combination

= |n March 2009 the Tevatron experiments reported observation of with
about 50 significance (fo be published in PRL this week)

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

Tevatron (3.2 fb'):
0,=2.76 %% , . (stat+syst) pb

Single Top Quark Cross Section

August 2008

Tevatron (3.2 fb'), PrRDés 054024, 2002:
| th |=0.91 2 0.08 (ShHSYSf}

CDF e 2.17 55 pb
CDF e . ——e—— 50 35 pb
DO ; [ 3.94 708 pb
|
Tevatron Combination | I-l-l 2.76 iﬂji? pb
-------------- B, Harris el al., PRD 66, 054024 (2002
N. Kidonakis, PRD 74, 114012 (2006) n?'l’-:-'-:' =170 GeV
N ‘T
0 P 4 6 8

o (pp — th+X, tqb+X) [pb]

2 D@ 2.3 fb"
c ® Measured Peak
2
5 * sMm
@ y ZuFCNC
§ gz:u:U'EM gz
3] ¢« IV |=0.2
= :
E A Top-flavor
£ m,=1TeV
h @ Top Pion
m.=250GeV
" [Jes%c.L.
3 - leo%cL
i [Joes%c.L.
T | bo(23f)
i o (t-channel)=3.14-2% ;. (stat+syst)pb
_' 1§ | - | I 1| | L1 83 ] | i
% 1 2 3 4 5

s-channel cross section [pb]




F. Canelli

Top Quark Properties Summary

Run Il Measurement SM prediction Luminosity (fb")

CDF: 172.6 + 0.9(stat) + 1.2(syst) GeV

DO: 174.2 + 0.9(stat) + 1.5(syst) GeV 3 6
0y (@M=172.5 GeV) CDF: 7.50 + 0.31 (stat) + 0.34 (syst) + 0.15 {lumi) pb 7.4+0.6 pb 4.5
O oo (@M=170 GeV) DO: 7.84 4046 . (stat)0.66 ., (syst) +054 . . (lumi) pb 8.06 +0.6 pb 1
0 qingletop (@M;=170 GeV) Tevatron: 2.76 *038 - (stat+syst) 2.8610.8 pb 3.2-2.3
| Vis | Tevatron: 0.91 £ 0.08 (stat+syst) 1 3223

o (gg->ttbar)/ o (qq->ttbar) DO: 0.07+0.15-0.07 stat+sys) 0.18 1

my - My, DO: 3.8+ 3.7 GeV

~ 0 (H—=1)/ o (—T+jels) B50: 0.88 1010 4 17 [STaTsysT)

o (tt— 1)/ o (it—ll + I+jets) DO: 0.97 #032 . (staitsysi)

0 tbarsjets (@M=172.5 GeV) CDF: 1.6 £ 0.2 (stat) £ 0.5 (sysi)
CTtop CDF: 52.5um @ 95%C.L. 0.3
Ttop CDF: <13.1 GeV. % i.5 GeV 1
BR(t->WDb)/BR(1->Wq) 1 0.2
0.9
Fy 0.7 2
-1 ¥0.085 (syst) 2.7
d 0.0 2
~ou.110 20.059 (stat) +0.052 (syst) 2.7
CDF: - 4/3 excluded with 87% C.L. 2/3 1.5
DO: 4e/3 excluded at 92% C.L. 0.37
Spin‘Correlations CDF: £ =0.32+0.55-0.78, 046 <K <087 @ 68%C.L. 0.78 5002 70027 28
DO: £k =-0.17 065 , .. (stat + sysi) 42

Charge asymmeiry CDEF: 0.12 £ 0.07 (stat) £ 0.02(syst) %
DO: 12 =8 (stat) £ 1 (syst) %




F. Canelli

® Measure mass difference between t and tbar

= No violations ever observed, but this is the first CPT measurement in the

quark sector

= Releasing constraint on m; =

maftrix element technique

g (a) e+jets D@, 1 b

165 170 175 130

m, [GeV]

My, Measured in lepton + jets events using

165 170 175 130
m, [GeV]

DO (1 fb1):
Am=3.8*3.7 GeV

m Consistent with SM expectations



F. Canelli

(In)direct Constraints on Higgs Mass

® World top quark mass and W boson mass included, from LEP/TEVEWK working
group:
" my =8/7/+35-26 GeV
= m, <157 GeV (95% CL)
" m,< 186 GeV (when LEP limit included)

August 2009
1 I

6 August 2009 I | | I I I |
o 1 —LEP2 and Tevatron (prel.) y.
5 e b m}%}d = - LEP1 and SLD :
) L % —0.02758+0.00035
- i % e 0.02749+0,00012 | f 08% Gl
4 - % ieeeincl. low Q2 data : -
S
X3
2_ —
1 ; 1
0 ' Excluded ""-=.,, /i ’reliminary- S ANS) [V —
30 100 300 200



Higgs Searches G. Bernards

:; ) Lepton-Photon Combinations from CDF and D@ w

| R — o Observed Limit -
. lCDF F:lun I Ii“rallmlnar};r, L=2.0-4.8 fr.: g T SM nggs Cnmhmatmn _f_-__gExpeeled me “
@ W LEP Limit - Expected £ | DO Preliminary, L=0.9- sv:Jﬂf;I 5 Bxpected £
'E 10 | * B 110 Expected j _August 12 2&09 ': |
= O || i20Expected 5
_| : =
O &
X
L
(=]
Sl o Standard Model = 110
- SM=1 lleeme e e e
g _ : :  August 17,2008 T N e~
100 110 120 130 140 150 160 170 180 190 200 100 110120130 140150160 170180 (ég,?,,jfo
H
m,(GeV/c?)
CDF combination from Winter 2009 D@ combination from Winter 2009
—->Summer 2009 —->Summer 2009
M, =115 GeV M, =115 GeV

Expected limit 3.2 o5y —> 2.50,
Observed limit 3.8 gy —> 3.6 ogy

M,=165 GeV
Expected limit 1.7 o5y 1.2 ogy,
Observed limit 1.6 ogy —>1.2 oy,

Expected limit 3.6 gy — 3.1 ogy
Observed limit 3.7 ogy — 3.2 ogy

M, =165 GeV

Expected limit 1.7 oy,
Observed limit 1.3 o¢y

most CDF/D@ low mass updates finalized only last week, D@ still analyzing
extended dataset at high mass (5.4 fb-1) - all finalized analyses are included

in the combinations above but NO update of Tevatron combination



G. Bernardi
Moriond '09 Tevatron Combination w

Tevatron Run II Prellmlnary, L=0.9-4.2 fb
DOBALLS L.EP..Echusnon ________________ Teuatron
:-'i:i ol . . . (i Exclusion |

Low Mass analyses:
L= 0.9 -2.7fb

(results with more lumi-
nosity as presented before

are NOT yet included in o
this combination) Py 0 aagma

95% CL Limit/SM
S

Observed - 2.5x0,,
Expected - 2.4x0,

100 110 120 130 140 150 160 170, 180 190 200
H(GeWc )

High Mass analyses: Bayesian 150 155 /160 165 170\ 175 180 185
Higgs cross sections use Expected 18 15( 11 11 14 J16 19 22
most recent theoretical Observed 19 14 N\0.99 0.86 0997/ 11 12 1.7
inputs including MSTW ~—___

2008 RNLOPDFS€t \ye exclude the SM Higgs from 160 to 170 GeV at 95% C.L.

These Moriond ‘09 CDF-D@ combined limits are obtained with
Gregorio Bernardi / LPNHE.Paris aN | effective” luminosity of 2.5/4.0 fb! at low/high mass 19



G. Bernardi

Conclusions D

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 fb-t with the 2011 run

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

> 40% probability to have a 3 sigma evidence
= Looki for m, =115 GeV Higgs with L=10 fb! gs...

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 tanp below 30



O. Gonzalez
Searches

e Searches for physics beyond the SM in colliders form a very active field cov-
ering a long list of topics.

e Here just a general summary...

e No success yet (but a lot of progress and limits signifi cantly improved).

= Direct searches are testing very hard the SM to the last corner and exploring
regions far from those tested before.

= Inclusive analysis are probing that our knowledge of the Collider Physics is very
good and able to globally explain the data samples.

= In both approaches discrepancies found, but nothing conclusive.

e Analyses of the full HERA dataset and the Tevatron data still to be analyzed
(and collected) would provide more stringent tests of the SM, perhaps revealing
hints of New Physics somewhere.

For now...the main conclusion is:

The Standard Model is still in good shape (even if we do not like that)
and geftting stronger as we approach the LHC era!!!

(but we won'’t give it a moment of peace)




T. Iijima

1000 ! ! | | | ~950 fb-
| ~800MBB 4s: 710fb"

5S: 86.fb"
for Belle

A

2S: 6.7 fb!
1S:7.6 fb
( Off peak: 90 fb™'

~553 fb-"

4S: 433fb"
3S: 30fb-

L Off peak: 54fb-’
PEP-II Stopped in
W | for BaBar || April 2008

600 N I S W— _

400 ............................................... ............................................ i

200 -
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heutral Xand Y

cc-like states

J. Brodzicka

Name

JFC

I (Mev)

Decay modes

Experiments

interpretation

X(3872)

1++

<2.3

T/ ; yJ/yp; DD*

Belle/CDF/D0/BaBar

DD* molecule?

X(3940)

0*

DD* (not DD, wJ/y)

Belle

n.'(?)

Y(3940)

wJ/Y (not DD%)

Belle/BaBar

X(4160)

D*D* (not DD, DD*)

Belle

N ()

Y(4008)

mTJ/yY

Belle (not Babar)

Y(4260)

TITJ/Y (not TTITY?)

BaBar/CLEO/Belle

ccg hybrid?

Y(4360)

TTITY’ (not TIITJ/YP)

BaBar/Belle

Y(4660)

TTysAA. (?)

Belle

charged Z

Z:(4430)

2??

Y(2S)1r*

Belle (not Babar)

Z:(4050)

27??

Xea T

Belle

Z:(4250)

27?

) L

Belle
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S. Prell

Global CKM Fit

All constraints

Illllilllllllll[lrllllll
excluded area has CL = 0.95 & %

Yy
%\

T T A

llIl]IllIill
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Consistency of angles

=(89.073)
f=(21.1£0.9)

y=(75%12)

a+f+y=(185%13)

Consistency of angles and
sides from global fit

— OQverall good fit (CKMFitter:

1.0 R global p-value 45%)
% Y L — ~20 tension between sin2f3
_1.5 L1 1 1 I L1 1 1 1 L1 1 1 I 11 1 I L1 11 I' L A and'EK/Vub
-1.0 =05 0.0 0.5 1.0 1.5 2.0 « correction to ¢, will make it worse
e (Buras, Guadagnoli, PRD78, 033005
P _ (2008))
UTFit: p=0.154+0.022 CKMFitter: p = 0.139"005
7 =0.342+0.014 7 =0.341"00.%




T. lijima
B -1V

Naive world average Br., (tv)=[1.20+0.25]x10™

- 7 -4 - Based on fB from HPQCD and |V, | from
1 -— u
Bl'(’f\e’) [1 3+ 035]><10 HFAG (BLNP. ICHEPOS) )

Qutput of a CKM fit without including
Br(tv)am s = [0.786 :g;ggg]mo-‘*f B->1tv in the fit (CKM fitter, ICHEPOS)

0.0 107 1—E:L1 0
i _ L | T T T T [ T T T | T —rr ' T .1 I_ o
% 3 CEMfitwio BRIB—1tv)
- = 0.9
wenmme e Measurements (WA 025 L E
TR - 0.8
1.1] T T T TT T 71T LI L T 1T LI =
B J J 7 - ] 0.7
[ ] =
08 - 7] = 0.6
08| - m El
l - = 0.4
0.4 N N 0.3
02 . 1 Wo-2
0|1
mn'.l.......|...|...|...|...|...|...
0.8 0.5 1.0 1.2 1.4 1.6 1.8 20 a2 T4 P R TR PR P 0.0
0.5 0.6 0.7 0.8 0.9 1.0
BR(B N x .

The measured Br is 2.4 ¢ higher than the value
predicted by the CKM fit. 10



S. Prell
CKM and Rare B Decays - Conclusions T ljima

CKM mechanism proven to be dominant mechanism for quark mixing
« describes all current experimental results in quark mixing and CP violation
Some intrinsic discrepancies need to be resolved

V 4 (neutron lifetime), V , (incl. vs. excl. strange t decays), V.,

andV , (incl. vs excl. decays)

A few interesting “tensions” at the 2-3 o level should be monitored
closely in the future

B (Jw KO vs g,and V

Bs

B — 1v (see Toru lijima’s talk)
Expect significant impact from upcoming experiments (LHCb, Super B

factories) and improved theory/lattice calculations mostly on improving

ries has made it
V: Bs Vup Vig/ Vis Jh enough precision to

I

begin to probe NP (B—=>1tv, Dtv, Kll distributions etc.) .
* There are some hints and puzzles.
Large Br(B=>1v) ? <> tension between |V | - sin2¢, ?
Large Acg(K*Il) ? Deviation of A,(K*Il) in low g2 ?
Acp (Kt) puzzle ? Polarization puzzle in B2>VV ?

- B./By~>uu at Tevatron will be at critical corner in coming years.

« We need much more luminosity to clearly see the effects of new
physics; O(0.1) correction to SM.




Summary (LHC and Collider Physics)

LHC experiments are ready and eagerly awaiting collisions
- Expect ~200pb™ at up to 10 TeV next year; plus lead-ion run

Tevatron data taking and analysis en route to up to 12 fb™
- Chance of seeing 30 peak or 20 exclusion of SM Higgs

Standard Model continues to be broadly confirmed
- But no sign of the Higgs (yet)
— CKM mechanism proven to be dominant mechanism for quark mixing
- Some “interesting tensions” in results from B factories remain
- Interpretation of a number of new charmonium-like states unclear

Future collider experiments
- sLHC, SuperB factories, ILC, CLIC, ...

- “Any new large-scale project of HEP will have to await the successful
start-up of LHC and the first physics harvest” P\l

Highlights from Lepton-Photon 2009, RPM, 9/3/09 Juerg Beringer (LBNL), Page 32@




G. Altarelli

In conclusion

Is it possible that the LHC does not find the Higgs particle?

Yes, it is possible, but then must find something else

Is it possible that the LHC finds the Higgs particle but no
other new physics (pure and simple SM)?

Yes, it is technically possible but it is not natural

Is it possible that the LHC finds neither the Higgs nor
new physics?

€ No, it is “approximately impossible”



Astro-particle results from
LPO9

Bill Carithers
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Lepton-Photon 2009 (16-22 August 2009)
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Coffee break

10:15

10:45->12:30 Session 1: LHC (Convener: Patricia McBride (FNAL) )

10:45 Status of the LHC Machine (a5} (3= Slides . =5 Video ) Helmut Burkhardt (CERN)

11:20 Status of the ATLAS Experiment s (3= Slides E]; == Video ) Kerstin Jon-And (Stockholm)
Robert Cousins (UCLA)

11:55 Status of the CMS Experiment (3s) (3= Slides i, =5 Video )
Lunch break

12:30

14:00->15:45 Session 2: QCD I (Convener: Joel Feltesse (IRFU) )
1400 Proton Structure @ss) (3 Slides T; = Video ) Alexander Glazov (DESY)
Markus Wobisch (Louisiana Tech)

14:35 QCD at Tevatron (as) (= Slides B =0 Video )
Akira Ukawa (Tsukuba)

15110 Lattice QCD (ss) (3= Slides B2l =& Video )
Coffee break

15:45

s MNNCN TT i~

Entire program--slides and videos-- available
http://Ip09.desy.de/
And follow links to program (Indico)
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LEPTON PHOTON 2009

17. - 22. August 2009

‘Canonical’ halo model

® Spin independent
interaction

® normalised to nucleon

Different statistical

methods adopted
dependent on technique

] 2 :
ross-section |[em™| (normalised to nucleon)

Work continues on

® low energy calibration
® control of backgrounds

g

TA listed top to bottom on plot )
LIBRA 2008 »o 0@ channedi N
1 fimad | wmz&umau
al Mod.?d-;-dmm 1996

E

=
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-

lo, 2004, Markov Chain Monte Carlos

Where are we now?

—

o
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b
W

ioz .
WIMP Mass [GeV/c’]

http://dmtools.berkeley.edu/limitplots/ Gaitskell/Mandic
August 09

10

Lepton Photon 2009
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LEPTON PHOTON 2009

17. - 22. August 2009

KIMS

® Csl crystal array
® 12 crystals, ~100kg
® 60 photons/keV light yield
® using PSD for background rejection

® Cs/l provide Sl and SD interactions

® PSD limit at DAMA Sl interpretation
® Aim for annual modulation study
R spin-independent x-secton :
L1\ arXiv0704.0423
[ A
- '04 — |.I \ R‘\Q-) //
3 3 \ 9® - b.\:/’
S electron recoil 2 L\ o o .
§ Sk S P
210 ‘ : L
. 2 S : \ P -
nuclear recoil 7 ¢ \ '&d'__,f’ “ P #\'f '
1.7 f 'ol:. ‘ - o
S— 11 |°.' sl Lo aasal T WS
1.‘-0.4 €2 19 02 Q24 0% o8 1 ‘13 |.ll ‘oz 10’ 10‘
LogiMean Time| WIMP Mass (GeV)
NLJ.T.Smith Lepton Photon 2009 Angust 09
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I8% stat. energy resolution
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Whipple
Durham
SNR = HEGRA

PWN

Unidentified
Binary HESS

MAGIC

Milagro

Mol. Cloud

AGN

LS 5039 HESS J1303-631 Vela X
MGRO J1908+06 RX J1713.7-3946 MSH 15-52 RX J0852.0-4622

IIIIIIITIHITIT II m II LR

00




PKS 1502+106

/ : PMN J0948+002

PKS 1454354

. . --qu..»l’. ®

PKS 2155304

1Ecs 2Eos X0z {E-0x sEos cE.m €.o0: sEo® vEos

FermiLAT skymap: Some of the brightest AGNs are clearly visible

10
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Gar“ma ray

“sermi  Qverview of the Fermi Large Area Telescope (LAT)

/ Spa(:‘- Téle:.mpé

U Precision Si-strip Tracker (TKR)

18 XY tracking planes. Single-sided silicon
strip detectors (228 um pitch) Measure the
photon direction; gamma ID.

0 Hodoscopic Csl Calorimeter(CAL)
Array of 1536 CsI(TI) crystals in 8 layers.

Measure the photon energy; image the shower.

0 Anticoincidence Detector (ACD)

89 plastic scintillator tiles. Reject background
of charged cosmic rays; segmentation remove
self-veto effects at high energy.

(] Electronics System

Includes flexible, robust hardware trigger and
software filters.

[surrounds
4x4 array of
TKR towers]

I Tracker

. :':
'y oo
' o

=)

~t

Calorimeter

Systems work together to identify and measure the flux of cosmic gamma

rays AND (e*+e°) with enerqy 20 MeV == > 300 GeV.

1"



Cosmic-Ray Electron

Annihilations result in many different particle types: gamma rays, e*,e’, p, p, etc.

Recently results on e*, e, p and P could be interpreted as signaling DM decays or
annihilations

Ground, balloon, and satellite experiments have published results

The Experiments
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o paud™” ‘P\-\ BET a2 T . 3
L @ "~ \AASS ~. 19 496%™ ) Ground experiment '~
i -~ T - i
. \»\‘ .bc_'\v rq(}'d'a 13\»\ \_\ oy
— ~. ~aulle al?- '~ Y ) ~ —
107 E o S o019 .~ Baldini, Z'eVPA 2009~ E
C 1 1 11 IIlll \f 1 L1 IIHP’U'“ T 1 1 llIllI 1 1 11 lllll L 1 L1 lllll \l' L
-3 -2 -1 2
10 10 10 1 10 10

Geometric Factor (m?-sr)



PAMELA Positron Fraction

Unexpected!
Positron fraction increases above
10 GeV!

Note that Geomagnetic cut-off of : * + 3
primary cosmic rays is O(10 GeV) ~ *F + :
Data below 10 GeV is dominated o8] _ﬂf; =
by trapped radiation and fluxes are 0.061 r %&,FH%; g
sensitive to Solar Cycle o0af- T k
0.02:—III| | S | | IIIIHI_E

! 10 EmrgyzgzeV)

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

“'sr)

E*J(E) (GeV’m™s

0.01

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



Anti-Proton Fraction

0.1

-3
0.4 ><10 x ”.ux 1992 Tl ] T T T T UL I
R Donato 2001 (D, $=500MV) 102k A CEne 200 200 - |
035 ~=—== Simon 1998 (LBM, $=500MV) F | & capRicE 1008 B
B Ptuskin 2006 (PD, $=550MV) i 2 capRIcE 198¢ .
0.3 ® PAMELA " | ¢ mass 1991 L 7
C B op BESS 199597 -
= t | | % BESS 1999 = |
0.25 ol @ PAMELA ’
o = 3 j i o N
B 0.2 =% +'FF
0.15F 104

0.05

| Lol ! Lol

IIlIIIl 1 IllIIIII

o
=h YT

... 10 0? .10
kinetic energy (GeV) 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

14
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Gar'-r‘na ray
/ Snm‘oTelea:‘mw

Large number of events
seen in the LAT

> 1500 electron events/
day above 100 GeV

> 1 LAT day ~ year for
PAMELA

> 1 LAT day ~ ATIC
Balloon Flights

The Fermi-LAT e*+e- Spectrum

E*J(E) (GeV’m™s™'sr™")

100

Large number of events allows
for detailed systematic studies

- -y

_ . conventional diffusive model

" @ ATIC—1,2 (2008)

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

lll 1 lllllll

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., arXiv:0905.0105v1
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@, ermi Update: Add the Low Energy Measurement
Gar"ma'ay
/ Space Telescope
&'\ T T T T TTT T T T T TTTT T IIIIIII| T T T
LAT has two Trigger Modes which s
can used to measure electrons: S
o
» High Energy By-Pass Trigger Ny
> Tracker 3-in-a-row Diagnostic w;) .
Trigger = 10°C
S 3
. )
Two independent analyses start —e— AMS (Aguillar et al., 2002)
. % ——=«—— HEAT (Du Vernois et al., 2001)
from these hardware triggers. I v Fommilow-onorgy (PRELIMINARY) ]
K ——=— Fermi (Abdo et al, 2009) i
> Low Energy: 100 MeV - 50 GeV —~—— ATIC (Chang et al., 2008)
> High Energy. 20 Gev _ 1 Tev 8 H.E.S.S. (Aharonian et al., 2009) ¥ i
- H.E.S.S. (Aharonian et al., 2008)
1 IIIIlIlI 1 IlIIIIII 1 IIIlIIll 1 | I
1 10 10°

Geometric factor (m ? sr)

Both measurements agree within statistical errors!

Geometrlc Factors (Acceptance)

5 !
@ Low energy (prellmmary)
—+— High energy P00,
4 I~ a0 O -1
oa A
o o
3F . o ]
o 1:250 prescalea . “*'k*
2r . ,.ncﬂ & = -
o . ® ﬁ""
a4 -
1;0 o~
ol 1 vl L |: e
10 1 10 10 10
Energy (GeV)

3
10Energy (GeV)

ReS|duaI Background Fractlons

0.25

0.2

Resiklual hadron contamination

T
[ —= Lowenergy {orbn‘al average prellmlnary) Z
[ —+— High energy I _H:
N I, L
cm {‘ ‘ **‘* ++ ]
—— LTP ]
- & hé 7

o2 an
o oo™ o ﬁ;
Fo ¢»§? ]
0,79 * ]
: Haa .
,)DD
: | sl ul i
1 10 10° 10°

Energy (GeV)
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E°J(E) (GeV’m™s™'sr™)

¥
cope

Add Pulsar(s) within 1Kpc

Y HEAT (2001)
LA BETS (2001)
O AMS-01 (2002)
| m ATIC-1,2 (2008)
X PPB—BETS (2008)
¥ HESS (2008)
| @ FERMI (2009) Iy
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E (GeV)

This explanation also works
for the PAMELA results

—~

|
(0]
+

+
(0]

e"/(

An Astrophysical Interpretation

Fermi-LAT data are nicely reproduced
assuming a 40% efficiency converting
spin-down energy into electrons and
positrons.

Pulsars are modeled as point-like
sources with power-law injection spectra
(E-1-7) and expo. cutoff at 1 TeV

0.10

I AHEAT 94+95

0.01

10' 10°
E (GeV)

10° 10°

s
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elescope

o Galactic Diffuse Emission: “The GeV Excess”

> EGRET observed an “all sky” excess in the GeV range compared to predictions
from cosmic ray propagation and y ray production models consistent with local

cosmic-ray nuclei and electron spectra

> The data collected by the LAT from mid-Auqust to end of December do not confirm

the excess at intermediate latitudes

> Sources are not subtracted (minor component)
LAT error is systematic dominated (~10%, preliminary)

» Constrains DM interpretations — at least the crazy models!

0°<7<360° 10° < 1bl <20°

X EGRET
® LAT

PRELIMINARY

10°
EY (MeV)

10

4
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Toemi  Gamma Ray Searches for Dark Matter

Gd""“a ray
' S;’r.’u’ e Telesc ope

Galactic Center
Good Statistics but source

Satellites confusion/diffuse background
Low backgr(?w.wd and good 59urce id, Milky Way Halo
but low statistics, astrophysical background L .
Large statistics but diffuse

background

All-sky map of
simulated gamma ray
signal from DM
annihilation (Baltz
2006)

Spectral Lines
No astrophysical uncertainties,

good source id, but low sensitivity
because of expected small BR

Extra-galactic

Large statistics, but astrophysics, galactic
diffuse background

Pre-launch estimates of sensitivities published in Baltz et al., 2008,

JCAP 0807:013 [astro-ph/0806.291 1]
19



Recap of Gamma Ray and CR Electron Results

PAMELA Protons

No evidence of DM. Weakens expectations on b-bbar
final states

PAMELA Positrons

Rise in fraction could indicate DM. More likely near-by
pulsars.

ATIC CR Electrons

In conflict with Fermi-LAT results.

Fermi-LAT CR Electrons

Definite structure at high E, could indicate DM. More
likely near-by pulsars

Fermi-LAT GeV Excess

Previous EGRET results not validated, consistent with
CR expectations

Fermi-LAT Galactic Center

Weak limit, no spectral features seen

Fermi-LAT DM Lines

Not found, weak constraint on DM due to energy range
and uncertainties on branching fraction

Fermi-LAT DM Satellites

Not found, starts to constrain Boost * <ov>

Fermi-LAT dSph

Not found, starts to constrain Boost * <ov>

Fermi-LAT Galaxy Clusters

Not found, starts to constrain Boost * <ov>

Fermi-LAT EGD

Results similar to re-analyzed EGRET EGD,
constrain Boost * <ov>

starts to

20



Amundsen-Scott South Pole Station

New Station
South Pole

AMANDA




Detector Number of  Enclosed Depth Status

OMs mass (m.w.e)
(Megatons)
Baikal 230 10 1100-1310
AMANDA 677 15 1350-1850
ANTARES 900 10 2050-2400
IceCube (59 strings) 3540 500 1350-2250
IceCube (86 strings) 5160 900 1350-2250
KM3Net (NEMO site) ~10,000 ~1000 2300-3300 Design study
KM3Net (Nestor site) ~10,000 ~1000 2000-4000
KM3Net (ANTARES site) ~10,000 ~1000 1400-2400
GVD (Future Baikal) ~1500 ~1000 800-1300 Design Study

2009 AudP 2pugust 20 Lepton Photon 2009 Per Olof Hulth 22
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No excess found!
Hottest location in the all-sky search is:

ra.=114.95°, dec.=15.35° =>all-sky p-value is 61%, not

significant
2009 August 20 Lepton Photon 2009 Per Olof Hulth 23




28.4F +
28.2F
‘§_ 27221 I 'I'J[-I-'I'_i__i__I_ | -I-J[ J[ J[ H
5 70 T HH +H | H J[ J[
Energy of parent air shower S 27af
primary ~30TeV (median) ) 62;;: Preliminary J[
Deficit: 5 0 (~900 events of N I(};g;t ;n;o;ng;ols(gmigl BE
~28000) - consistent with
expectation. E.0
o 25

Important verification of
angular resolution and ab
pointing.

Signifigance of Deviation

L&im

Slgmflcance observed

-(aevent-amoon) [01

:‘.b-L'pI'\).'—-O»—l\)w

2009 A 2 L Ph
009 August 20 epton Photd -10 - 0 5 10

(O('event moon)cos(amoon) [O]
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The end
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DM Interpretation of PAMELA and Fermi-LAT Results

T TTT T T IIIlIII T T T T 1T

Basic Problem
Electron — Positron rates much 21

larger then predicted by usual
DM Models.

Requires special effects

N N
1T ||||N|

» Large Boost factors from @ 102 =
substructures ME - Q> ]
» Sommerfeld Enhancements 2 I S &~ i
> Lepto-phylic Decay Modes AT , (sQ. -o‘ A -
23| ) 7S _
Example: Spectral results on \9 e : %qf’\ \}Q\ -
electrons require DM models with - @ -
large leptonic BRs. Of the three B \&Q‘ _
known leptons (e, u, and ), u % |
electron spectra from muon final 0k S. Profumo & T. Jeltema 3
states give the “best” fits but also L L L
suggests a high WIMP mass. 100 1000 10000
WIMP Mass (GeV)

Overlap region requires a high WIMP mass and a very large rate

26
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LEPTON-PHOTON 2009 Neutrino Summary

Cheng-Ju Lin

(Slides taken from various speakers)



Outstanding Questions in Neutrino Realm

What is the right mass

) hierarchy? )
m m
A / NV, \ A
-V,
Normal -V Inverted
m - =) m - 2
3 H e ———— —m,
1 solar~7x103eV?2 ]’ Am12
; e
atmospheric Iy
~2x1073eV2 -
atmospheric 2
m2 ~2x1073eV?2 \’ Am;;,
) ~ Is 0,; exactly w/4?

What is the rest — |

D ————

mass of neutrinos?

And also

|

2/

0

Are neutrinos their own antiparticles?
Are there more than 3 neutrinos (sterile, heavier than 2)?
Do neutrinos obey CP, CPT?



Search for CPT in Oscillations?

LI l LI l L | LI |IIIIIIIIIIIIIIlIIlIIIIIIIIIII

* Use 6% v in NuMIl beam
for separate oscillation

|
-
Z
O
n
Y
®
3
)
Q
-3
<
n
)
o
)
@
~—
®
Q
o
9
O
=1
)

— No Oscillations .

Far detector

t ——= CPT Conserving
search (15 l'lmE!) 15 ] _}_ L Systematic Error
* Observe 42 events in the —— — Background (CPT) _

Low Energy Beam
Far Detector
3.2x10° POT -

I I | I [ I [ | | I

* Predicted events with CPT
conserving oscillations:

— 58.3+7.6 (stat.) + 3.6 (syst.)

 Predicted events with null
oscillations: T * T

— 64.6 + 8.0 (stat.) £ 3.9 (syst.) OO 5 10 15 20 30 40 50
Reconstructed v, Energy (GeV)

)

Events / 4 GeV
)
T 1r| T
L

| | | | |

figures courtesy J. Hartnell (Sussex) Fermilab seminar

S. Kopp, Lepton-Photon 2009
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MINOS Preliminary

. 200r1 20
Allowed Region 32> 107 POT
100F
S
* Null oscillation hypothesis % 40
excluded at 99% ™ i
_ . . o X
* V, bestfitis at high value, -

due to deficit at high energy 105_

e (5.0<Am?< 81)x103 eV?2 [ |
(90% C.L.) - —90% v,

o B of .
*  MINOS limits P(v,—V,)<2% at 90% Prior Am?fit® %,
""" 99.7% Prior Am? fit}

0} 1 ]
J0% C.L - 4 MINOS Best Fit e
* MINOS plans to undertake a e b Lo P [ e
dedicated'v, run next year O 0.2 04 06 08 1
*M. C. Gonzalez-Garcia & M. . oy
Maltoni, Phys. Rept. 460 (2008) Si n2(26)

S. Kopp, Lepton-Photon 2009 figures J. Hartnell (Sussex) Lomonsov conference



What About Sterile Neutrino?

6 A.A. Aguilar-Arevalo et al., arXiv:0904.1958 [hep-ex]

[;]\E),a:rim“
/e v, from K*
s v, from K°
B © misid L
Ve — MiniBoone Results are

N other

Gonst Syst. Errer inconsistent with LSND
} Excess 3.2 + 10.0 events

Events / MeV
o)
0

-0.5+11.7 evts

° Data

Neither v, and v, channels
[ Ve fromp

(%p]

3 .

i V. from K* have excess of events in the
+N @ v, from K°

+

q

o0,

Events / MeV

B S misid LSND region
V ) A — Ny
e | mmm dit
[ other
Const. Syst. Error

xcess 22 + 36 events

Low energy excess
(<475MeV) is still not
02 04 0.6 0.8 1 1.2 14 15 3.

A.A. Aguilar-Arevalo et al. PRL 98, 231801 (2007); ESE (GeV) u nderStOOd
A.A. Aguilar-Arevalo et al. PRL 102, 101802 (2009)

S. Kopp, Lepton-Photon 2009

figures courtesy M. Shaevitz, Columbia



MINQS Search for V,~

Vsterile

* Charged current — identifies flavor of interacting v,

e Neutral current —inclusive, all “active” v flavors interact

—4— Far Detector Data

MINOS Preliminary

61 3~ 0° |
> o :
8 -----0,,=12° 8 = 3n/2 b
2 XY V. CC Background -
§ : | AmE, | = 2.43x10° eV? ]
T o

20 Sin“26,, = 1 b
: ...... & I < W I ; I :
5 - kAN S =
’ > 10 15 20

e -
. NC ]
0.5F .
00F ... - a® =
[ . R S o .
o5k 2% ,\: .
1.0 N TN, NP 1 -
AV, Veriie 0SCillation would

result in a deficit of NC
events at the Far Detector

;rransverse Position (m)

Ereco (GeV)
S. Kopp, Lepton-Photon 2009

see Phys.Rev.Lett.101:221804 (2008)
updated for 3x102°POT (submitted PRD)

figures courtesy B. Rebel (FNAL), A. Sousa (RAL), Fermilab seminars
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v,—>VEscapes Detection: Experiments
Step Up The Search

Must find
0,5>0 to study
CP

and AMan Wirebicki
GLOB R CORRES PO DENT
WASHINGTON — Intreduc-
Ing Somla Sotoaayor yesterday as
his first Supreme Court nomines,
Presidens Obana relishad telling
hee up-feomy.ponverty life story
and Hhhll:‘:li ag her histony-
making cthnic rootx, But he
stressod that he picked her be-
canse of her Intellect, fudicial ex-
perience, and her Setenmination
to approach decdsioos without
any partioular idookogy or agcn-
da”

CHOOZ limit
sin?(26,5)<0.15

Eur.Phys.Journal

C27:331-374, 2003

o 0.1

analysis A

analysis B

MINOS Am?

90% CL Kamiokande (multi-GeV)

— — analysis C

5 [

B 90% CL Kamiokande (sub+multi-GeV)

02 o3 o4 0.5 0.6 0.7 os 0.9

sin?(20,;)

1

Search for 6,
via reactors
(disappearance)
or accelerators
(appearance)

e Coust youterday, sclocting
a woman who is a product of
both New York City public hous-
Ing and Ivy League universities,
and who would become the first
Hispanic and thind fensale to
scrve o the high court,

Calling the S+ycar-old Soto-
mayor “an insplring woman,”
Obama pralsed her three-dooade
carecr as a corposate litiga
pevsecutor, amd foderal appellate
Juder. Bt i his first chasoe o

hape the closely divided high
court, Obhama alwo <ald her real
life experience &llad his desire for
a Justioe who has "a sense of com.
passion, an understancding of
Borw the woekd works ad how oe-
divary poopde live”

The president clted Soto-
mayer's humble upbringing, =
doding her fathers death when
she was 9 years ok, and the dia.
ladl b LAV
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Experiments Under Construction

o

17.3 290/1380 16/16

S. Kopp, Lepton-Photon 2009 figures courtesy M. Dierckxsens, Chicago




Expected Sensitivities
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Off-Axis Beam from NuMI
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Neutrino Spectrum and

So

ar Neutrino Experiments

[ Super K—>

\I—Bo rexin
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Vi +e%v +e

~* Real time Counter
. —H.,0: Kamiokande(ES) (¢B)

"""""

—H,0: Super-Kamiokande(ES)
(¢B)

$eSK'=2.35+0.02 +0.08x106cm?
Pred: 5.94(10.11)x105cMZy0q05 0

~D,0: SNO(CC. NC. ES) (*B)

‘Be....)

v +1Ga>e+"'Ge:E, >235keV

Meas: 66.1£3.1 SNU; R=0.52
Pred:127.9+81 , . SNUBPso08(GSs)
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KamLAND and Global Analysis

KamLAND (KL)

Reactor neutrino experiment

— L ~180 km
— E ~ afew MeV
Good Am? determination:

— Dbetter knowledge of L/E
KL only

— Am?2 =7.58 x 105 eV?

%
(2.7%
| KamLAND
S B 95% C.L. )
A\ 99% C.L.
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‘ | e bestfit
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it ‘, - ,ji!/ e S
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\\‘7- /
g |
16 1
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* Solar+KL

Global Analysis by SK-Group
1) All solar, 2) All solar + KL
including SK-IlI
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T e Double B decay

MUNSTER

E normal (2vBR) neutrinoless (OVBR)

A
p— p e% %— p p 1e— e_I p
— . Ije Ije . e Y
| B-B- n n Ve B Ve
\ n n
|
: : —
Z-1 Z Z+1 needed: a) v = v (Majorana)
b) helicity flip: m(v) # 0
or other new physics
% o | Bk miiroced : z:o'é Heidelberg ‘Mos‘coWEss‘ﬁkgy‘(ssa:
£ £ RS H 53.9kgy
f ol I PAYRI ovpBp DEe (enrlgnggﬁgﬁl g
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400 i
mf o3[ w J /\
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Christian Weinheimer Lepton Photon Symposium, August 2009 5



L Current and future

WILHELMS-UNIVERSITAT

double B decay experiments

2 ways to measure both 3-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

Neutrinoless double B-decay Christian Weinheimer Lepton Photon Symposium, August 2009 6



5 Searching for Ovpp:

NEMO3, CUORICINO

CUORICINO:

NEMO3: tracking calorimeter

< NEMO with 2 Te cryo bolometer)
(= Super with enr. “5€) ~_, CUORE: 741 kg TeO,)
|| ALY Al |
6:.; ]]LI” ] g Jlﬂ
'l‘l'zslm'l‘l'l'zslm'l'l'l'zslw'
energy (keV)
10Mo: T,, (OVBRB) > 1.1 x 102y 0Te: T.,>3-10*y
= Mg, < (0.45-0.93) eV =m,_<0.19-0.68 eV
F Mauger, TAUPQO9 PRC 78 (2008) 35502

Neutrinoless double B-decay Christian Weinheimer Lepton Photon Symposium, August 2009 7



A Direct determination of m(v )

WILHELMS-UNIVERSITAT

from 3 decay

B decay: (A.Z) — (A,Z+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)

= i . 107
1f / const. offset ~m7v,) averaged
—_ I ’ 2
> / 5 U, Pm? neutrino
2087 ' mass
[ ;. 8¢f
QL F =
=06 | ;3 N m,=0eV
— [ K —_ I
= . / = i /
S 0.4 i 4 -13
& N 2 r ~2%10
0.2 1 ' my=1eV -7
I / Of
TR A T T e [ Y NN TN AN (NN TSN T TN ST S NSRS T NNV SN ST S AR STRNT S N MR A
Vo TE 0 e B oo - - -3 —2.5 -2 —1.5 —1 —-0.5 0 0.5
energy B [keVl E—Ey, [eVl

Direct neutrino mass determination Christian Weinheimer Lepton Photon Symposium, August 2009 10
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—_—
I ——— WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

is being set up at the Forschungszentrum Karlsruhe

Fachhochschu hﬁlfd
University of Applied Sciences

Physics Aim: m(v_) sensitivity of 0.2 eV (currently 2 eV) Ilhrfom s [N ®
e higher energy resolution: AE ~ 1eV

since E/AE ~ A pectrometer = larger spectrometer

e relevant region below endpoint becomes smaller 210m
even less rate dN/dt ~ A_ | .~ A . omeer = lArger spectrometer

e small systematics = windowless gaseous tritium source

e much longer measurement time: 100d— 1000 d

 ;&&r
70m main Spectrometer
4  pre

tritium 0
. spectr
us retention Fr)ﬂet?r
aseo stem v
W\eﬁr\%\um <ource sy

wind
molecula

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



: Main Spectrometer — Transport

weren " to Forschungszentrum Karlsruhe
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