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Outline

 Status of LFV limits from B-factories
* Projections: 1036 SuperB Flavour Factory

« Status of LHC studies of LFV from tau

dGCClYS (thanks fo Thomas Kress, Manuel Giffels, L. Perchalla,
Achim Stahl (CMS) and Mikhail Shapkin LHCb)

« comments on Lepton Universality from
tau decays
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‘ LFV predictions very model dependent

(see talks on Tuesday of this meeting)

- specific models give LFV process rates

* asingle LFV process will not determine the underlying
mechanism

« Strategy: combine results from different
measurements - complementarity
a all u-e LFV processes: radiative decays, u—e conversion
o all tau decay channels

¥ many models correlate between various LFV, so e.q. n—ey, T—Uy
and T—eY needed

K & B LFV decays

neutrino oscillations

g-2, EDMs

direct production at colliders and LHC

o 0O 0O 0O O

3 Experimental Prospects for Rare Tau Decays J.M.Roney, Victoria —d




B-Factory Detectors

Both operating at Y(4S)

Belle: 8 GeV e /3.5 GeV e*
BaBar: 9 GeV e /3.1 GeV e*

Belle: Threshold Cherenkov and TOF

WVic
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‘B facfor'y }qugratigﬁ P!H]mmosﬁy
g Total Recorded to
| Jan 2007 is 1.1 ab!

1000

ToTaI

800

KB (Belle)

PEP-IT (BaBar)

Integrated Luminosity (fib)

200 |-

20001 20011 20021 20031 20041 2005/1 20086/1 20071

e'e’— 1T cross section ~0.9nb
Total sample > 10° t*1- events
— search for new physics in rare/forbidden decays
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General event Selection Approach

Divide event into hemispheres in the centre-of-mass

 generic Tt decay hemisphere: 1-prong (e, 1, @, p) or 3 prong t decay
depending on signal and dominant non-t backgrounds

[e'e—uuy, ere — e*e” vy, e'e” — hadrons, yy]

e.g. avoid electron tag for t—ey to minimize Bhabha backgrounds
 All searches are 'blind’;MC used to optimize selection for ‘best

expected limit' — small no. of background events and € ~ 2-10%

— u~v simulation |

signal event K
T v
e

/ .
/ generic T decay

/
/
/

4
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cut based Neutal Net based

selection selection
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Signal: no neutrinos — powerful mass and
beam energy information mass: m,, = m,

% 2;.? g sl otele Radation Babar uses beam energy
0 |58 constrained mass &
o [ E y vertex at p point of
S 180 closest approach fo
T ates beamspot in X,y
1 GEhoton at ed e G(MEC)"’9M€V
~of acceptance (cf no mass or vertex
SNV BN S constraint c~24MeV)
-1 0.5 0 :
AE (GeV) Beam Energy:
signal region typically AE=E , -Epeqn~0

defined as 2c box or ellipse & (AE)~50MeV

o
WVic
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‘ Efficiency for searches typically have the
following components:

cum.
trigger 907
acceptance/reconstruction 70% 63%
’ropology (1vsl, 1 vs 3: hemispheres) 70% 447
Particle ID 50% 227
Cuts 50% 11%

Signal-Box 50% ~5%
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‘Pr'eliminar'y Belle result on Ty B

0.1;—
of 94 events in 535 fb1
S
g’,—o ! within 2 ellipse, eff=5.1%
<-0.2 UEML fit in 26 projected band

# signal events = -3.9 (P(n<-3.9)=25%)
# background evts=13.9

165 17 175 1.8 185
ﬂffu'y (G@V/Cz)

() s(90% CL) = 2.0 events

# of events

(=] —_ [\ [O%} BN (V)]
L L L L L B L B T

20
projection

Br<4.5x10-8 at 90%C.L

'1o:5 04 -03 02 01 0 01 02 hep‘e)(/0609049
Unbinned Extended Maximum Likelihood fit
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Preliminary Belle result on 1—ey =3

20 events within 5¢ in 535 fb!

within 20 ellipse, eff=3%

UEML in 20 projected band
# signal events = -0.14 (P(n<-0.14)=48%)

# background evts=5.14

1.65 1.7 175 1.8 185
Mey (GeV/e?)

- (0) s(90% CL) = 3.34 events

# of events

(=] —_— [\ w BN S
L TR TTT T T

20
projection |

Br<1.2x10-7 at 90%C.L

oot hep-ex/0609049

IO VS R L Ry 01 02

Unbinned Extended Maxumum Likelihood fit
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NEW t—/¢n%/n/n' (/=e orp)

B BaBar
=== For each of the 6 channels, fit

background shapes from MC with

an unbinned maximum likelihood

fit to (M, vs AE)

O\zrer'all normalization taken from data

5
2
S1e- -
éuu .
=18 : , — ¥
30 e PDF,
1.7 = o
: L data __ 20 data
ek = ) N20‘ — Y XNGSB—30'
iy i > . 2 PDFtot
GSB L ' GSB-3¢

T — ILL_n(—> 7r+7r_7r0) A E (GeV)
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NEW 1—/7%/n/n’

BaBar hep-ex/0610067 PRL 98.061803 (2007)
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expected background/channel ~ 0.1-0.3
Total expected background=3.1, Observed=2
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Summary of t—/¢ Pseudo Scalar 90%cL Upper Limits

Belle BaBar
T_ * Phys.Lett.B639:159-164,2006
hep-ex/0609013 PRL 98.061803 (2007)
Decay Mode
Br 107 | Lum. fo' | Br 10-7 | Lum. fb’!

e KO, <0.56" | 281
KO <0.49" | 281
T <1.2 401 <1.1 339
™ <0.65 401 <1.5 339
u‘n’ <1.3 401 <1.4 339
e <0.8 401 <1.3 339
e <0.92 401 <1.6 339
en’ <1.6 401 <2.4 339

14 Experimental Prospects for Rare Tau Decays J.M.Roney, Victoria



Summary of 90%CL Upper Limits on LFV t decays

Belle BaBar

Channel - -
Br (10-7) | £ (fb) | Br (107) | £ (fb)

Ly <0.5" 535 <0.7 232
- 0 <1.2* | 401 <1.1 339
um <0.7° | 401 <1.5 339
ey <1.2% 535 <]1.1 232
e’ <0.8" 401 <]1.3 339
en <0.9" 401 <]1.6 339
00r <(2-4) 87 | <(1-3) 92
/hh’ <(2-16) 158 <(1-5) 221

* Preliminary
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Combining BaBar and Belle: Sw. Banerjee Tau06
hep-ex/0702017

« efficiency combined from weighted luminosity
e Add no. events observed in data, Nobs(data)
« Add no. expected background events, b

 Obtain 90%CL Cousins & Highland Upper Limit™:

a Poisson distributed foy MC with mean (s+b)

a signal: s=2Lc_BR (et0, )

o expected background: btc,

o s & b are each Gaussian distributed

vary BR,, until 10% of toy MCs yield # events < Nobs(data)

the 'expected upper limit' obtained setting s=0 for Poisson
distributed values of ‘Nobs' for expected background b

* Cousins-Highland NIM A320, 331 (1992), Barlow CPC 149 97 (2002)
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Combining BaBar and Belle: Sw. Banerjee Tau06
hep-ex/0702017

£ & Background events B (%1079)
(fb™1) (%) Expected | Observed | Expected | Observed
7+ — ety
BABAR 2322 | 4.70+029 | 1.9+04 1 12 11
BELLE 535.0 | 299+0.13 | 514735 5 12
BABAR & BELLE 767.2 3.51 +0.13 701423 6 12 9.4
Tt ,uJ—r'y
BABAR 2322 | 7424065 | 6.2+05 4 12 6.8
BELLE 535.0 | 5.07+020 | 13.9%5%3 10 4.5
BABAR & BELLE | 767.2 | 578 £0.24 | 20.1£3.0 14 11 1.6
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Combining BaBar and Belle: Sw. Banerjee Tau06
hep-ex/0702017

Channel BABAR BELLE Bﬂ&gﬂ\& BELLE
B (10~%) [ £ (™) | B (107%) | £ (fb™) | BYY(10-8))| £ (Tb™)

i ety 11 2322 12 535.0 or—" | 767.2
TE — pty 6.8 232.2 4.5 535.0 1.6 767.2
T — eEq0 13 339.0 8.0 401.0 4.4 740.0
T - ptnd 11 339.0 12 401.0 5.8 740.0
7T - ety 16 339.0 9.2 401.0 4.5 740.0
Tty 15 339.0 6.5 401.0 5.1 740.0
Tt ety 24 339.0 16 401.0 9.0 740.0
rt 5 pty 14 339.0 13 401.0 5.3 740.0
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LFV in tau decays: how far can we go?
BR,, depends on backgrounds:

In absence of signal, for large N bg - N;g‘ ~1.64%./IN bhe

For N,,,~0 and no events observed, Ny, ~23+1.2x (N b

(Feldman&Cousins)
Analyses usually keep handful of events:

expected limit not improved much if alot of signal efficiency lost
Trivial to project expectations 1f same analyses used:
Limits scale ~ \/N,,, / £ ~ 1/NC for large N b

Gives a worst case scenerio:

Combining Babar & Belle assuming comparable

sensitivities, this drops to ~4x10™ for ~lab™ per exp't.

19 Experimental Prospects for Rare Tau Decays J-M.Roney, Victoria
Ic



LFV in tau decays t—uy

More realistic scenerio: analysis developed

. . . py 11.1(%) - Hp  134.88
with little efficiency loss but all ;. ]
. . . # JE L
background 1s solely the irreducible N &
[ _J._..""'.
background from 7 — uvv + ISRy . ) o
L T ';'E['G.;%s
. Tt 117.24 uds 48.24
This represents ~1/5 of the Babar O NS &)
= C L *'..':- & | _
background. B ST o
."l'. N o '.:....n;
-1 05 [i] AE [693)5 1 05 A E
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LFV in tau decays t—uy

Limit then determined by scaling reduced background by £

Gives scenerio for expected limits with
irreducible backgrounds of ~1-2x10" for 1/ab (Babar+Belle)

For a SuperB factory with 100x luminosity, this leads to ~2-3x10~

NB: Not clear how to do this without some efficiency losses
-dropping mu-tag - significant efficiency loss
-using lifetime information - improved vertexing helps!
‘more refined tagging analysis
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LFV in tau decays t—uy

Can reduce 'irreducible’ background by improving mass resolution.
Increase EM Calorimeter granularity:

photon direction 1s a resolution limiting factor.

e.g. 1f 1y mass resolution improves from 8.9MeV to 6MeV,

the irreducible background scenario limit could improve by 25%.

Can also include y polar angle as a discriminating variable
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LFV in tau decays 1— ///, T— (hh', t—>/m/Mm

Situation different for neutrinoless 3-prong decays:

no significant irreducible background (analogous QED
radiative decays are suppressed by another o factor
and lepton masses) ... negligible effect

Backgrounds are at O(1) event per mode level.

With no change to the analyses
lab-! expected 90%CL UL ~3-9x10-8 1 expt

Best case scenario analysis with no ‘irreducible’
backgrounds, so expected limits could scale as L... get

limits for 1ab-! of ~10-8
For SuperB, with 75ab-!, expected limit ~2x10-10
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75abl | BR90%CL UL
Summary (x107)
of SuperB
Pr'oje:ﬁons il ’
of benchmark [*°¢V 2
LFV decays T— UUU 0.2

T— eee 0.2
Probing T— un 0.4
10-1°-10-7 T— en 0.6

T— (K 02
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 Early (1997) ATLAS Study of Ty
(L. Serin, R. Stroynowski ATLAS Phys-97-114)

Study Based on fast MC

Source of taus: Drell-Yan qg'—>W—1v
~2x108 for 10fb-!

Selection:
a [n|<2.5 for both uy
0 10<PH{(w)<206eV
0 E(y)>206eV
o J(ANZ2+A$?)>0.08
0 M(uy) with 20 of Mt (6~20MeV)
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‘ Early ATLAS Study of 1—uy
(L. Serin, R. Stroynowski ATLAS Phys-97-114)

10

* Main background |
is WS TVY—UVVY : 17evt/ 10fb-

 Efficiency ~5%

e 90%CL UL~1x10°
for 10fb-!

Not competitive with

B-factories

26 Experimental Prospects for Rare Tau Decays




LHCb Study of t—uuu
(M. Shapkin, TauO6 proceedings)

At LHC, main sources of 1 leptons are:
. BYB/B, —»X 1v. (Br=2.5%)
« D,— X1v, (Br~7.5 %)

D, from B decays & produced in
c-quark fragmentation

After 1 LHCb year: [Ldt=2 fb!,
£~0.35 N (LHCb)=70 x 10°
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LHCb Study of t—uuu
(M. Shapkin, TauOé proceedings)

3 standard identified muons (P, > 0.4 GeV)
Common vertex for 3u P(y%?) > 0.002

IP significance: IP/G, >3 for all p

Vi, - Veul/0 >3 pre—

4mm < (Z3“ - Zp ) < 37mm

ny (between 3 & Pvtx) =~ 0.lmm

0.08[

Background

0.06
0.04

0.02}-
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After P(%?)>0.002 cut
/
2500 ++'/
2000
+ After final sets of cuts 1025
1500
1000
500—
E X o . ]
q.ﬁ 165 1.7 175 18 1.85 ‘1.9 1.95

LHCb Study of t—puu
(M. Shapkin, TauOé proceedings)

M(3n) for signal and background
after different cuts

M(3u) (GeV)

After P(%?)>0.002 cut

| inclusive bbbar sample | /

1

10

Entries

222222

N +
322 LY NN Vi TR 4T
il R TR Tty kg, kb oy e

After final sets of

cuts

16 165 17 175 18 185 19 1.95

M(3u) (GeV)

e
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LHCb Study of t—uuu
(M. Shapkin, TauOé proceedings)
* For L.

=21t N =7-10Y¢
inclusive b as the main source of background:

Ny = 0.5-10"2fb-2 fb1-0.35 €y = 3.5 10! €

 For the mass window of +10MeV
0 £5,= 4.7%; £y, = 4.6x10°7

» For [Ldt=2fb"' N, = 3.5x10% Ny, = 1.6x10’
Br(tT—uup)<1.2x10
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Initial CMS Study of t—uuu

(Perugia: R. Santinelli, M. Biasini, CMS Note 2002/037)

* o(pp—+X) ~ 120 ub Nevents(/105)
a0 o( pp—Z—11) =3nb 3 x107
0 o( pp—>W—t+v) =19nb 2 x108

o o( pp—D*—>1+v+X)~4ub* 4 x10%0
0 o( pp—B,—1+v+X)~24ub* 2.4x101
0 o( pp—>Dg—>T+v+X)~92ub* 1.2 x1012

*with large uncertainty

Initial CMS study with GEANT3 simulation & 2002 CMS
reconstruction code
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‘Summar‘y of W.,Z, B, Selection

(Initial CMS Study of T—upp CMS Note 2002/037)

TRIGGER: 2 L1 muons P>8GeV and P>5 GeV || 1 L1 muon P>20GeV
3 L3 reconstructed muons with total charge=+/- 1

W-—-1v:

a Topological and isolation cuts around 3 muons

a Eqmiss > 20GeV

L -1t

a Topological and isolation cuts around 3 muons

o tag a second tau
a P{(3muons) > 20GeV

o total mass of 2 taus > 70GeV

B, —>tv+X:

a3 muons inside b-tagged jet

a 2n b-tagged jet opposite signal in azimuth

No pair of muons with mass ~ M¢ --suppresses D .—uvo—pupy
3 muon mass within 25MeV of Mt (6~13MeV)
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Summary of W,Z, B, Reach for 30fb-!
(Initial CMS Study of t—uup CMS Note 2002/037)

« Worv:

o efficiency ~10%

o background= 2.4+3

a 90%CL UL ~4 x 108
« L oTT

a efficiency ~ 10%

a background= 1.8+3

a 90%CL UL ~ 3 x 108
¢ B,—tv+X:

a efficiency ~ 2x10-

o background=3+3

a 90%CL UL ~ 2 x 107
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New CMS Study of t—uuu

(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

« Using GEANT4 and current CMS
reconstruction code - more detailed detector
& trigger simulation

F work in progress
o Initially looked like D, was not such a hopeless
source of taus
a gave hope of limits ~10-10
& BUT spectrum in Pythia 6.324 was too hard...
a bug ® ...

o Run Pythia 6.2 and recover similar conclusions of
initial study:

F"must deEend on Wand Z Eroduc’rion
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‘ New CMS Study of t—uuu

(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

Leading muon (ccsource) PYTHIA 6227 Entries 20000

Mean 1.169

- - 4500 ;_ T 7 I R LN I O I I L I B B IO RMS - 0.6328
4000 ;—J =
ccbar 3500 —
e. g . 3000 -
2500 f— —f
D,—>tvX : v :
2000 o E —]
T—=Upd - |3 -
L1 & HLT™7 11 % :
- < S = -
1000 2 = E —
thresholds_ £ |3 ; f -
50 E A I | —:
0 il 1 1 | ] _"‘-I—|_L._I_I ] | ] ] | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 -

0 2 4 6 8 10 12 14 16 18 20
L Pt [GEV] é
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| New CMS Study of t—uuu

(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

Next to leading muon (ccsource) PYTHIA 6227 Entries 20000
Mean 0.6026
3+ 8000 | | | | | | RMS 0.3075
7000
ccbar
6000
e [ J [ J
g 5000
D.—tvX
4000

_II‘—l—l—'—H—l—l—I—I—I—l—l—'—H—l—I—IIIIII!IIII!IIII!IIIII|

T oHHU 3000 : : :
L1 & HLT
000 : . .
threshold$
1000 L: : 5
0 L] 1 I R | | L IR B
0 2 4 6 8 10 12 14 16 18 20
I Pt [GEV]
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‘ New CMS Study of t—uuu

(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

B,—tvX: touuu
L1 & HLT thresholds
for single muon and two muons

‘ Next to leading muon (bbsource) PYTHIA 6227 Entries 20000

\ Leading muon (bbsource) PYTHIA 6227 | Entries 20000 Mean 0.711

Mean 1_432 k- L LA LI B I LI L B R B I B LA I RMS 04441
k-3 F L LI L N B T T T T rrrrr [ rrrr RMS 08784 : __
3500— —] 6000 - ]
3000/ = 5000 =
2500 E_ _E 4000 E‘ _:
2000 — n ]
- . 3000 . z ]
1500 E i 3 2 g ]
- . 2000 g é % ]
1000 — i o s 2| _
, ] H g -] @ .
- . T = & 2] .
500 = 1000~ 2 5 : -
0 _' L 111 | | | T R B ': 0 _ I | | Ll | NN IR BN A

0 8 10 12 14 16 18 20 0o 2 4 6 8 10 12 14 16 18 20
P, [GeV] = P, [GeV]
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New CMS Study of t—uuu

(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

Z—>TT; THOUUU
L1 & HLT thresholds
for single muon and two muons

| Leading muon (Zsource) PYTHIA 6227 | Entries 20000

Mean 21.29 | Next to leading muon (Zsource) PYTHIA 6227 Entries 20000

* Forryrrrrprrrrprrrryrrrrprrrrprrrrprrrr1r171RMS 10.5 Mean 9.993

E £ M [T rrr[rrrr[rrrrprrrrrrrr[1T1RMS 5.896
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800 N

= 1200~
7002 -
600 1000:

500 800

— L
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400 E r Hl 4 =
= g 600[= o ¢
-l U

f=

300 ;

[ = E ; |
20050 ° 400 - .
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40 50 60 70 80 90 100 0|||\||\|\|| Lo v b b i [
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|
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‘ New CMS Study of t—uuu
(Aachen: M. Giffels, L. Perchalla, T. Kress, A. Stahl)

W1y, Touup

L1 & HLT thresholds

for single muon and two muons

\ Leading muon (Wsource) PYTHIA 6227 | Entries 20000 ‘ Next to leading muon (Wsource) PYTHIA 6227 Entries 20000
Mean 18.93 Mean 8.888
+H _""I'"I""I""l""\""l""l"""RMS 9.54 ETY U L L L LA L LA NN B i e O =1 [ 5.384
1000 - — 1600 —
B 1400 J —
800 ] - ]
B 1200
600 = 1000 -
8001

400
L 600

2003 § - — 40014 3 -

200
[ N N -

50 60 70 80 90 100 00' =
P, [GeV]
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Comments on Lepton universality:

* Charged current universality: tau decays

27.0,2) M
m mslmi) -

T = g,u i B(T e 'EEUT)JF( F) BE
o 8 My f(m2mZ)r,-

5 27, '
Wi\ f(m3m2)ry,
e Se ) (M B(t™ — p Wuve)
2 . f(mglmz)rg -

where
fix) 1-8x+8x>—x* —12xInx (phase space ratios)

0 BR(1—ew)= (17.824+0.052)% [0.29%]
0 BR(T—pw)= (17.331+0.048)% [0.28%]
RATIO OF BRANCHING RATIOS:

0 g,/8:~0.9999 £0.0020 from tau decays
a pion decays: 1.0021+0.0016
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[ §F L

| Comments [P R PO
on Lepton universality: _|

8l

« Charged current

[ S

tau-mu universality ' }

w177 -

‘ 176 IIIIIIIIIIIII SN NI A S NATATATE AT AT AN A NS AT A
287 264 9 209 29 292 3 204 295 298 297

< lifetime (15}

0 BR(t—evwv)= (17.824+0.052)% [0.29%]
o BR(t—uwv)= (17.331+0.048)% [0.28%)]
“ e-u univ:BR(t—evv)= (17.821+0.036)% [0.20%)]
o T~=290.15+0.77 ts [0.27%]
gu/gT=0.9982 +0.0021
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‘ B-factories consider measuring leptonic
branching ratios at 0.1% level

 Issues of systematic errors:

o LEP measurements rely on data control samples for
establishing the detector response for electrons and muons:
same can be done at B-factories

o Non-tau backgrounds can be controlled at B-factories: trade-
off statistics for reduced systematics

o Cross contamination from other tau decays: use of control
samples & may require improved simultaneous
measurements of some non-leptonic modes

o Normalization has been a dominant error at Y'(4s): (no. of
produced taus entering the BR denominator)

¢~ Normalize to N,,, but requires o(tt)/o(Up) at <0.1% level and
counting N, at 0. 1% level

e
WVic
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 Consider ratio of

leptonic branching ratios
* Access Lepton universality... statistical

sensitivity... using BELLE figures for yields of
e-rho mu-rho decays - ~250k 1n ~30/fb

« Ratio of BR for 75/ab would have statistics to
play-off systematic uncertainties.

e (Could reach well below (perhaps x10) better
than current 0.2%

« STUDIES WITH CURRENT DATA NEEDED
* Very difficult work understanding lepton 1D
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‘ Summary
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BaBar and Belle have looked in many channels for
evidence of LFV in t decay: limits have pushed into 10-8
zone and parameter space in beyond the SM theories
are being eaten

There is still much data to come - at e.g. BaBar expects
940fb-! and has analysed only a 230-340fb! of that...
BELLE will collect at least 1000fb-!

SuperB factories will probe 10-10 - 10-°

LHC experiments ~restricted to T—>puuu and should
reach 10-8 levels - similar to existing B-factories

Lepton universality: systematics questions - current B-
factories working on this




additional slides
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Summary of 1—/y, {4/

T Belle BaBar
mode | Br,107 | Lum. fbt | Br, 107 | Lum. fbt
-y <0.45 | 535 | <0.68 | 232
ey <1.2 | 535 <1.1 232
uwe - | <20 | 871 | <13 91.5
u-ee’ <19 | 871 | <27 91.5
uuut | <20 | 871 | <19 91.5
e ut | <33 | 871 | <20 91.5
U'ee | <20 | 871 | <11 91.5
ee et <3.5 87.1 <2.0 91.5
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Summary of 1—/hh' 90%CL Upper Limits

- Belle BaBar
Phys.Lett.B640:138 144,2006 PRL95(2005)191801
mode
Br, 107 Lum. fb'! | Br, 107 | Lum. fb’!

e T <7.3 158 <12 221
AN <2.0 158 <2.7 221
ettK- <7.2 158 <3.2 221
e Kt <1.6 158 <1.7 221
et K- <1.9 158 <1.8 221
e K*K- <3.0 158 <1.4 221
etkK-K- <3.1 158 <15 221
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(R

BELLE

Summary of T—¢Vector 90%cL Upper Limits
Phys.Lett.B640:138 144,2006

T Belle o Belle
mode Br, 107 | Lum. o' | mode Br, 107 | Lum. fb!
ep’ <6.4 158 up° <2.0 158
e K*(892)° <3.0 158 | WK*(892)° | <3.9 158
eK (8920 | <4.0 158 | WK (892)0 | <40 158
e <7.4 158 o <7.7 158
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| CP-violation via Dipole Moments

e Baryon asymmetry requires non-SM sources of CPV

thus motivating searches for evidence of CPV outside
the SM

* Electric Dipole Moment, d, 1s T,P-odd
(so under CPT CP-odd): d#0 — CPV

d E.S interaction for spin- % particle relativistically:

HT,P_Odd:—d-E-E/S — L:—dég;o*”ystw
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| CP-violation via Dipole Moments

 EDM can be generalized to Z-fermion and

gluon-fermion 1nteractions giving rise to weak dipole
(WDM) and chromoelectric dipole moments of fermions

* Neutron EDM: |d |[<6x10-2° ¢ cm (90%CL)
[Harris et al, PRL 82, 904 (1999) ]

 Electron EDM via Tl (paramagnetic): |d |<1.6x10*" ¢ cm
(90%CL)

[Regan et al, PRL 88, 071805 (2002) ]
(cf SM: |d *M|~10-* e cm & |d KM|<10-38 e cm)

 In general, dipole moment has s dependence and is
COIIIplGX. (For electron and neutron EDM results, s=0 and EDM is real)
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\ CP-violation via T Dipole Moments
In light of d,<1.6x10-*7 e-cm limit is

o(Re(d,))=0(10-*")e-cm (100/ab reach) interesting?
Ifd, ~ e% then d"™~ 3554d, — d_(equiv)=3x10>*e-cm

missing by ~x2000, less if A 1s different, but > factor 10 'unnatural'.

3
m,

In multi-Higgs models d, ~ eF
in this case, d}"™ ~ 4x10'’d, — d_(equiv)=3x10"'e-cm

sensitive to values of A of >~60GeV.

Leptoquark models (Bernreuther et at, PLB 391, 413 (1997) give:
d,:d,:d, =m;m, :m m, m'm =1 : 14x10° :4x10"

Now generally felt that looking for EDM via CPV tau production un
likely to bear fruit of new physics (see also e.g. Tsai PhysLettB 378(1996)
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| CP-violation in t Decay
Y.S. Tsai, PRD55, 3172 (1995)

1%

T
]
i)

_ 1Ocp
F, = ‘A‘e

Js

7 .
m,—s—im, " (s)

£, =1 or BW(scalar h’h")

Interference between F, and F_ because of CPV
manifested in 1+ -- t- decay angle distributions
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| CP-violation in T Decay

Unpolarised taus
‘Measure BR's of tau decays with >=2 hadrons

eq. BR(tT" > 71 n’v)#BR(T" > n'xV))
(need to understand inelastic final state interactions
to interpret an observed CPV)

*Measure CP or T-violating correlations in t+ 17— events
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‘ CP- vuolcmon in T Decay

Polarised taus
‘Use T-odd rotationally invariant products e.g.

P o(pyx.*XPr) P, component of 7 polarization along beam axis

averaged over production angle
in 7+ and 17— decays to >=2 hadrons such as :

T > v, tT K,

T o v, T >Knrnv,
various observables
€.9. f;zo(pio) = fﬂO(_p7§O)

longitudinal 7° momentum distributions from

T > Kz, and 7F — K 7'V
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'CP-violation in T Decay

Get polarised taus from beam polarisation:
only one beam needs to be polarised for this

O Longitudinal polarization

Nt’_ o Ne'_‘-— Ne“ o Ne' = " t ;:_‘:——':.. s 7 /
We" o N WH+ o N q :—“—-1___‘ =__”“-.__“_:" .. 0.99 =
e + ‘ j _‘—-__L_q_ 1“4_ o : /
T 1+ 261 S
P =(w,_+w,)/(+w,_w ) 0757 \ 005
: S
a=m,/ Js (integrated over productlon angle, We- ] h 3 Y \\\\
same for 7+ and 7- when no CPV in production) 0.5 i
i 07 \\\ W

Q For w =08 w.=0: P=0.8 _

w =08 w,=06: P=0945 -

O For W == 0.9, WE_:O: P=09 i

N

while for
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| CP-violation in t Decay
Question: it is better to run at threshold

with lower lumi, or at Upsilon(4s) with
higher lumi?Tsai gives 'Figure of Merit':
FOM = luminosity X P, X Total Cross section

oc luminosity X (w,, +w,_)X N (1+2a)
e.g. BEPCII@1033 SuperB@103¢ SuperB(46eV)@103°

Machine FOM/FOM BEPCII
BESIII@ /s =4 GeV 1
SBF @ 1°(4S) 178
SBF @ /s =4 GeV 100
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Precision measurements of tau
properties: CPT and CP

e Tau lifetime
e Tau mass

* Dipole moments
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 Lifetime: CPT

1st CPT on lifetime from BABAR (Lusiani, TAUO4)

preliminary,
no dedicated
systematic studies yet

Tt

— Tt (0124 0.32] %
Tr— 1+ Trit

THIS TEST WOULD BENEFIT FROM HIGH STATISTICS AS
MANY SYSTEMATICS WOULD CANCEL

(care needed in selection to avoid known differences in hadronic
interaction cross sections for n+ & ©-)

Statistical error only goes to 10-3 with 1/ab
and 10-4 with 100/ab

~ 2nd generation CPT lifetime test:
muon CPT lifetime (2+8)x10-°

N
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 Lifetime: CPT

Preliminary tau lifetime work reported by BABAR
(Lusiani, TAUO4-Nara) gives guide to systematics:

Data sample of: 80/fb
Systematic Errors:
MC statistics selection bias : 0.22%

Background : 0.14 - uds 0.11
Alignment&length scale : 0.11
ISR/FSR simulation : 0.10
Beam spot position : 0.04
Beam spot size : 0.04

Beam energy & boost direction: 0.04
Tau Mass : 0.01
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. Mass: CPT

BELLE update TAUO6 (see Mikhail
Shapkin's talk on Tuesday) using 414/fb

>
1]
m, —m,, =(0.05£02340.14)MeV 7 mx M
o
< + 1 W
§ 1750 + +++*+ #M#%*Hw'w * *
m. —m E 1500 — &#i
=< 2.8x107 @90%CL : %
m 1250 | o T+ #
T B ;
1000 %
° 1- *$+'».
750 | 4'4,*#
- “4'.“""'&:-6- .
500 |- Ll
250 £ M*=M,=0.0540.23 MeV
0 e b b b v b b by gy
172 173 174 175 176 177 178 179 1.8
= - Mo (GeV)
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CPT

e Mass:

BELLE: 0.14MeV systematic error from
potential charge asymmetries assessed by
comparing response of detector to:

D’ — K‘n*;ﬁ — K" — Care needed in
+intferpreting results

as CPT assumed in
for these modes...

A, — pK A, — pK'rr
D" > on";D” — on”

D¢ > ¢ ; Dy — ¢
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CPT
* Mass:

SUPER-B: 100/ab would yield a statistical error
of 0.023MeV on the mass difference ~ 6 x
smaller than 0.15MeV systematic error BELLE now

quotes.
(Reach 0.15MeV at 2.3/ab)

To fully exploit 100/ab, would need charge
asymmetric momentum scales controlled at 10-°
level. VERY CHALLENGING DETECTOR
SYSTEMATICS PROBLEM

Would get CPT test to 2x10-° level of sensitivity
and would be most sensitive CPT mass difference
test after K°(10-18), proton and electron (10-8).
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