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Motivation -

Why Leptons?

S lrelatively little hadronic uncertainties . r
(contained in decay constant fg) ) W
B
o‘olfor pure leptonic decay: helicity f Vi
suppression (Mg 2
pp ( / ) B(B_ = 6_17) _ G%'mBth ( . iéz) f}%’qubFTB
8 mp

&% lhave “easy” experimental signature
(Particle IDentification)

o‘olhave neutrino(s) in final state
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Motivation -

Why Leptons?

o)

&e independent constraint inp,N plane :
4L
¢e Other measurements deliver a I
prediction > 0.003—— v 0 e
z, i |u 'fit|
& use experimental values for Ams S
and Amg together with lattice value E 0.002
for fsVBgg E
o
& BR(BTv)=(0.85+0.14)x 104 % ooot}
de¢ compare to lattice calculation for fg ;
% T
, BR(B—tv)[10™
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Motivation -

Why Taus”

St l helicity suppression in leptonic decays b .\ 0*
relieved for more massive T - relatively 5" N
large BF
u VQ

o‘olhave (more) neutrinos in final state

b r
e l stronger coupling to Higgs-like " AT
particles
U Vg

ee lOOK at type Il 2HDM: simplest model

with extended Higgs sector 8 B

W.-S. Hou, Phys. Rev. D. ) m2 ., 2
& i - - Brief Report 48 (1993) x| 1 — tan* B—L
ee Similar to Higgs sector in MSSM oy ( m?, i)
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Experimental Setup:

Yo asymmetric B-factory

e'e” > Y(4S)— BB

SLAC/LBL/LLNL B FACTORY “‘ also a charm and TT

factory

Damping
Rings

de¢ NOW running at the Y(SS)
resonance

\
Linear
Accelerator

\I
* Electrons
1600800-003

IIIII|I"’|IIIII|I"|IIIIIII|I”|II | | | 1 | 1 | 1
[ T (CUSB) 6.0[- ? (CLEO) -
[
~20 n 55F
S [ N = + 1(58)
v [ OF
ol | M"Mﬁ
Low E Ri s [ ! i i T(6S)
ow Energy Fing B e s H g O
ParticleD:etector l1 10__ ,'I ' fo 10.5 100 .
AR A On-Peak |
[ S *; \ "A‘. i 110.58 GeV
: : B v o P P 4
(upgrede of aauing fing) : R N s e
SLAC Site [ 1(19) T(28) | 1(3) : T(4S) r

i 044 _ 1000  10.33 1053 §
5 947 10.03 10.37 5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Mass (GeV/ic?) -
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As of 2008/02/20 00:0

(o)
o
o

Babar

PEP Il Delivered Luminosity: 526.53/fb
BaBar Recorded Luminosity: 506.36/fb
BaBar Recorded Y(4s): 432.72/fb
BaBar Recorded Y(3s): 26.53/fb

400 Off Peak Luminosity: 47.10/fb

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s)
Off Peak

Integrated Luminosity [fb™]

300

Run 1-4

200

100+

,,,,,,,

complete Y4S<—|

¢e collected 433 fb! at the Y(4S)
resonance

e complete Y(4S) dataset in
hand

ee MoOSt analyses presented
here use ~340 fbo-': ~380 M
B-pairs|Run 1-5)

& B—DMTVv uses 232 M BB-
pairs

{}} Silke Nelson, SLAC
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Experimental Setup:

BaBar = DeteCtOr Instrumented Flux Return

19 layers of RPCs (+LSTs)
uID

Electromagnetic Calorimeter
6580 CsI crystals

e+ ID, 1% and Y reco

N

et 3.1 GeV]

-

Cherenkov Detector
144 quartz bars

K, 7T, p separation

Drift Chamber

40 layers
tracking + dE/dx

€™ [9 GeV]

SiIicon\/ertex Tracker
5 layers (double-sided Si strips)
1.5T Magnet vertexing + tracking (+ dE/dx)
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se cte-collider — beam energy (and ee define signal-rich region (signal

thus the center-of-mass) is known box) and background rich
very well sidebands for cross checks
¢e calculate two (almost) independent ¢e keep signal box blind until

variables: energy difference AE = Ep — Ej,,,, @nalysis cuts (and systematic

uncertainties) are determined
~and effective mass mgs = \/(E;;eam) — p% _ o )
S .. upger sidebandBABAR
S %30 " : . preliminary
B BTk KT E S ao0g °
s - 8 25F 02
é E 01 ) -
L S ot middle .
15 015_ sideband
103 _0.2; » . '.- . .0 13 |ﬂd” :
: ok e .signal box
S =l -Jowier sidéband =
. e % C K> -0.4
52 522 '5.24" 5% sos o a1 o v - |T..|....T....q.'...|..'..|':...T....|....| :
(GeV/CZ) o0zl OIA EO(2G6\(/))3 0872 521522523524525526527528529 5.3

e S CREIEYD) T T T meg (GeVic?)
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s Continuum J

Yo SUbstantial fraction of events are non-BB events .5ffg,wv“w4;,_._;
o 1691

¢e light quark events more “jetty” - I I%(I)elz
BB - event |

¢s Use event shape variables as thrust angles, Fox-Wolfram

moments either as cut variables or input to Fisher-
discriminant or Neural Net
a [rerryprrerprrrrprrrr T T T T T T T T
S o6 : :

& - ® B — K Y Signal Monte Carlo é
= C 7]
2 0-14¢ ° Off Resonance Data 7]
o012k =
FRg 9 3 u,d,s,c,T event
= 6 7

006/ o =

0.04F QO -

0.02:‘..000.‘00'..0.00‘0'00.0."0‘.0. 0'0506@ "“""j' angle between

WMWMWQ ...... oo d o thrust axis of

0
00102030405060708091

cos@xl B and Rest-Of-Event
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Yo NEUtrinos escape undetected

de USe Missing energy vector

ee iNcludes all missing particles (decays of both B-mesons, acceptance effects)

charm events: e
Infer direction from
topology

semileptonic B decays

et infer direction X

from neutrino
mass

"
-
.
L
*
-
.
.t
.

¢e B-decays with > 1 neutrino: neither works...
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Experimental Methods (IV):

“lagging”

¢» reconstruct one B: study the other (recoiling) B

“
*
*
.
.
.
.
.
.
.
.
.
*
*
*
*
“
*

se DUIv: semileptonic tag

e~ T
e higher reconstruction efficiency\) “““““ I

¢e less information about Tag-B due to neutrino .

& Use D-mass as variable to distinguish “peaking” :
background from combinatoric ' &,u,m,0,4a,

recoil

do D (nmx mK= rKs® gn©): fully hadronic tag s,
| 1 or'2v
¢e use AE and mes to select “peaking” events

ee ~ 1/3 of semileptonic tagging efficiency
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ee Use D()X decays

¢e X = Iv: semileptonic tag

&e higher reconstruction efficiency

50
0

~ ® On-Peak Data

«10° PRD 76, 05200 (2007) x10°

— Background MC (scaled)

0200 © off-Peak Data ' 1

B Continuum MC (scaled)
°

>
O 150 -
<100
5
= 50
=
= 0
1.84 1.86 188 1.9 1 15 2 25
D’ Mass (GeV/c?) Lepton p* (GeV/c)

¢e less information about Tag-D due to neutrino

¢e Use D-mass (and lepton momentum) to distinguish «

“peaking” background from combinatoric

do X = nut mK* rKs® gn® : fully hadronic tag

¢e use AE and mes to select “peaking” events

ee ~ 1/3 of semileptonic tagging efficiency

4 Silke Nelson, SLAC

)

Entries/(0.5 MeV/c

100 PRD-RC 77, 011107(2008)

MMM I

T T T it

soAMATTnHntnnnintkg
L

—=— Data
N

10 \&\\: Combinatorial background R\
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‘ D |V Sem”eptorﬂc 'tag PRD 76, 05200 (2007)‘\10 — Background MC (scaled)

ee efficiency is (6.64+0.03)x102 (signal MC)

ee Study double tagged (2 non-overlapping tags)
events in data and MC to estimate efficiency
correction

ee Systematic from statistical error

& hadronic tag g
ee count peaking event in mes by subtracting E
combinatorial events using a template from MC E

es correct for tagging efficiency difference of generic
B-decay and signal events

es Systematic estimated by changing template

o | I Continuum MC (scaled)
600" o on-Peak Data

0.003 GeV
~
-
-

(

Entries/
NG}
)
S

184 186 188 1.9
D° Mass (GeV/c?)
_PRD-RC 77, 011107(2008)

x10
13 . )
80t ~600K “peaking” ¢
70
60 \ \\ \
\

5o\

\\ N\ N \\\ \\ N
08 \k\x\ NN x\\
30 | —=— Data
20 \\\ \\\\ AN

N \\\3\ Combinatorial background 3&\&& §§1
10 | NN \\\\\\\\\\\\\\

AR A %\m\\\ﬁ\\%\ W

#5523 524 525 526 527 528 529 5.3§
mgg (GeV/c?)
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ee the summed energy of “extra” particles (Eexira) is the
~ most powerful variable to distinguish signal from
background

¢ Modeling needs to describe clusters from
~ background events, radiated photons and “split-offs™

¢e background event from data taken by random triggers

E

extra’

— Background MC
—— Signal MC

hadronic
Tags

02 04 06 08 1 1.2 14 1.6 1.t

electron channel

are superimposed on MC events S
@)
ee iNn particular “split-offs” are not well described 2200-
se Use event with two tags to check data-MC agreementé 100;
¢s AS N §ignal, all particles should be included in Tag-B 0,
and Signal-B

|
—¢— On-resonance Data |
—— Background MC (scaled) |
------- Signal MC

SL Double |
Tags

0.5 1 1.5

E.. (GEV)
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¢e require a good Tag-B and use the good tracks and photons in the recoil to
| separate events into 4 tau decay classes: e,|,x,p

¢e the a1 mode does not contribute to significance due to its large background

ee Simultaneously optimize cuts on:
| ee Eexira
o little presence of “extra” particles (K.°, tracks, o)
se the momentum of the tau-daughter
¢e continuum rejection |
ee fOr the semileptonic tag, take extra care of TT events: if they enter final sample, they
peak in Eextral '

s selection efficiencies of ~1-5% in each channel, total of 10(had)-13(SL)%
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B—TV: Background Prediction

Semileptonic Tag

[\
S
S
T
-

Yo USe sidebands (SB) in data 3
¢ Scale the amount of data in the Eextra SB region by é
~ the ratio of MC events in the SB and signall -

. N .
n: MC,
o910 Nea:p,sig — Ndata,sb X —
NMC’,sb

¢e cross-check by using the m(DY)-SB region in the
Eextra Signal region (SR) scaled to the m(D®) SR

comb. background data
( 7 ) Neiﬁp N, a b -+ (Ntotal Nomb)

com C

Background Prediction

signal mode et ut "l n

FEextra sideband 44.345.2 39.844.4 120.34+10.2 17.343.3
DY sideband 44.24+6.4 42.8+6.0 113.4+11.6 16.3+4.5
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—e— (On-resonance Data

semileptonic tag — Backaround MC (scaled)
PRD 76, 052002 (2007) === Signal MG
| | i | | | {0F | | | | 41 7 Expected background  Observed events
eleciron |-'l decay mode events in on-resonance data
40 + 60r T —eTur 44.3 £+ 5.2 59
—+—"+JTT ™t — utow 39.8 £ 4.4 43
@ 401 1 77t -7ty 120.3 £ 10.2 125
= 20 4 * Ty 17.3 + 3.3 18
& 2014»"-'"?‘ ...... - 1 All modes 221.7 &+ 12.7 245
o BT ¢ | M T S S L g, . e e, b
e. 0 0
E 80 I I I I I I I I
60 40
40
20 20
O 0 :
0 0 2 0. 4 O 6 O 8 1 0 0. 2 0. 4 O 6 0 8 1

E extra (GeV)
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B—TV: Background Prediction

Hadronic tag

¢e Use sidebands (SB) in data

Events /( 0.001975)

de Use Mes fits in the Eexira SB and Eexira Signal region
~at final selection stage

Nhigh,data,
| arlow,MC pk
Ne:cp,szg T Npk < Nhigh,MC’ | "comb

pk

¢e Cross-check by also using mes fits in the Eextra SB

at Preselection stage . | N high,data
nszg - stg,presel > comb
comb comb Nhigh,data,presel
comb
high,MC
Nlow,MC’ - Nlow,MC o MC\,presel > Ncomb
pk T ltot M ecomb Nhigh,MC,presel
comb

de thus avoiding fits in the Eextra SR (low statistics!)

ee average predictions, use difference as systematic
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I? BTV Eextra

hadronic tag
PRD-RC 77, 011107(2008)

N N
NN
NN

B

Entries/(0.2 GeV)

°o‘o KN 2“'

< Silke Nelson, SLAC

N —

On-resonance Data

D total background prediction

combinatorial background

Slgnal MC (scaled to BF=3x10”)

N Data and MC

7 decay mode Expected background Observed

T —eTuD 1.47 = 1.37 4
T - ,u+1/ﬁ 1.78 &+ 0.97 5
™ -ty 6.79 + 2.11 10
I 7 4.23 =+ 1.39 5
All modes 14.27 + 3.03 24
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¢e tagging efficiency (correction)

& Eexira modeling

se K.Y veto efficiency: use double tag sample

Yo tracking Efficiency

Yo Use TT-events of a 1-3 topology

% Particle |dentification

ee correction as functions of particle momentum
and angle, determined in clean samples

& 70 efficiency

Had Tag

7 decay mode etve ptvr v ot r'v

Tracking 05 05 05 05

Particle Identification 2.5 3.1 0.8 1.5

7 — — — 2.9

EMC K7} - - 38 -

IFR K3 3.3

FEeoxtra 3.4

signal B 5.5

tag B 3.6

N,z 1.1

Total 6.6 |

Correction Factor 0.951 0.868 0.964 0.939
Source of systematics et pT 7T 77T#° Total
MC statistics 310615 26 43
Particle Identification 1.5 1.3 0.2 0.2 2.0
70 - - - 14 14
Tracking 370401 16 58
FEeoxtra 4.7 0.6 0.9 26 8.8
Signal B 11.6
Tag B 3

12

& use T-decays: compare rates of n* to n*n® decayg2tl

4 Silke Nelson, SLAC
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¢e semileptonic tag, 383 M BB PRD-RC 77, 011107 (2008):

¢e hadronic tag, 383 M BB, PRD 76, 05200 (2007):

¢e hadronic tag, 447 M BB, PRL 97, 251802 (20006):

- 0.2,5y5¢) X 1074

(0.94+0.6+0.1) x 10~*
(1.8750+£0.3) x 107*
ee COMbined
(12 O-4stat i O°3bkg —
se Belle
- (L79Eg e asy) x 1077
- & World Average (HFAG, August 2007)
o (L41TgE5) x 107

4 Silke Nelson, SLAC

D>
Lo

BHLE

- ® On-Peak Data
[ — Background MC

S Background pdf
[ -eeee Signal pdf

9]
=)

N
(=)
T

Events / 0.1 GeV

30[-
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& from B—Tv to B—»D™TV

¢ 9o from annihilation to exchange diagram (charged + neutral channels)

¢e go from Vup t0 Vo
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¢e add a spectator quark

ee complicates theoretical prediction

&e but can look at ratio B—»D¥tv/B—DMlv (I=e,)




Decay Mode B (%)
B > D rw. 0.69+0.04
B » D*r v 1.414+0.07

& ratio B—=D¥1v/B—DM v

¢e phase space reduced B X177, 2.3+ 0.25
¢s additional helicity for W ) T
y H ,”< v

oo two form factors for D, four for D* b ./ C

e HQET relates these extra FF to “light q q

lepton” FF’s

¢e spin O Higgs does not couple to all helicity
states

e» cffect on D and D* different




P
N

ere shown for 2HDM

& Other models show similar behavior

B — Duv,|sm

1T— -
type [-2HDM
0.8 tan 8=50
06}
0.4 FtanB3=20
SM
0.2+
tan 3 =10
O .............................
50 100 150 200 250

1 - I I I I I 4

I \ ]

0.8} tanB=50 || .

0.6} ‘\

L \ 4

I | I

04} \ .

A, _

0.2r, B=20 ]
0 R

50 100 150 200 250

resence of Higgs changes branching fraction

plots from Tanaka,

7 Phys C67 321 (1995)



B—Drv: Analysis Outline

¢e Use a hadronic Tag-B

& reconstruct a DU | candidate from recoil particles
¢e | = e or Y, lepton could be primary or from T-decay
ee cvent selection

de require pmiss > 200 MeV and g° > 4 GeV?, all tracks belong to either Tag or
Signal B

ee M2\Miss iS zero for primary decays, signal events form tail out to 8 (GeV/c?)?
ee lepton momentum of primary leptons is higher

se do a combined fit of mmiss and the lepton momentum
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B—oD®T1Vv: Cross-feeds and

Backgrns

% D* events can feed down to D events |f
soft y or ni¥ is not reconstructed (well) ™

150F

es true for both background and signal  «
modes »

- & smaller feed-up components are® o =
~ present m D
Dty 3 4>
B DU f | o
“ Other baC kg rounds D Comb B .4 -0.2 (1] 02 04 0.6 0.8 12 Lad -0.2 0 0.2 0.4 0.6 08 1 1.2 14 q E
PRL 100, 021801 (2008)
eo D™, D(*) Ds(*), charge cross-feed M2miss~0: normalization region '

&% construct D** control sample by - charm resonances heavier

than D*(2010)
- non-resonant D*nxt (N>1)

ff} Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state ff} ;
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e fit all 4 channels simultaneously

& use 7 components (dashed line indicatd® gzﬁ’ T
vV
charge cross-feed) m D ST
. . B 0
oo parameters of most important feeol-olovvl%| Comb (;i\
component is floated in the fit “g ol
S
e fit includes D** samples o 10
s less sensitivity to details of prod. and decay E T
> 20—
M

¢e perform two fits, one with the ratios R(D") =
R(D®% and R(D**) = R(D™)

10—

0 et Ll _.—'l‘lLl_L'l‘lé
0 2 4 6 8 :

e latter fit is shown on left PRL 100, 021801 (2008) M2 (GV/c2)?
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% left: Normalization Region

¢e oW missing invariant
mass squared

%o right: Signal Region

¢e high missing invariant
mass squared

. D*rv
Dt

| D%y
10)47,

B D"/
Comb. BG

{}} Silke Nelson, SLAC

BaBar _
Preliminary

D/

 BaBar

Preliminary

- DY

Lol

1T R _H» BaBar |

s BaBar

. Preliminar =1
Preliminary y :

100
50
i);_ - - WAl d LY T~
- BaBar | BaBar
ol Preliminary B Preliminary
D/ 5
0

140

0 0 ey
| |
- BaBar BaBar |
3:]_— Preliminary | Preliminary :
& | D+/
10— B
T B Y ! IS e £ L1
0 20
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B—DMT1v: Systematics and

Final Result

¢e¢ Many systematics (tracking, particle Mode B Trot
| identification) mostly cancel in ratio 7] (Ostat)

~ > D7 U, 0.67£0.37+0.11£0.07 1.8 (1.8)
o it it ostimated b B~ — D777, 2.2540.48+0.224+0.17 5.3 ’
- &8 Lnceraintes on it estimated Ly B° — DYr 7, 1.0440.35+0.154+0.10 3.3

)

(5.8)

. (3.6)

ensembles of fits BY — D*tr 7, 1.1140.5140.0440.04 2.7 (2.7)
(4.0)

(6.5)

o B — Dr 7.  0.86+0.24+0.1120.06 3.6
¢e PDF parametrization (2-12%) B — D*r 7, 1.6240.314+0.10+0.05 6.2

¢e COmMposition of combinatoric errors: s
background (2-11%) stat, sys and from normalization mode

& D** composition (0.3-6%) Result uses 232 M BB

es 710 efficiency (effect on feed-down)

ee B D(*) form factors (<2%) Belle (535 M BB):

& Muiss resolution B(B° — D*"77u;) = (2.02792% (stat) £ 0.37(syst)) %
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X
~ & lepton number violating decay B \ ”
: X+ |
ee in Standard Model only allowed via neutrino oscillations
ee in SUSY, the LFV could be in the slepton sector

¢e other LFV decays suppressed by m?/m?+ (for BO—ep factor is ~ 0.00306)

& theoretical prediction in flavor-universal MSSM ~2 x 10°10

| (10 fo 1)
~ & previous best limits set by CLEO:  B**“"(B —e/u7) <11/38x107°
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- - - =« signal-B B -
Yo Work in the recoil of a (neutral) hadronic Tag-B 1;2;:re§ frame G
& in this sample, the signal-B rest frame is fully 3 3
- determinec S
es lepton momentum (of e/p) peaks in signal-B rest frame o

(2-body decay)

26 28 :
Lep n momentum (CM frame) (GeV/c) !

& use presence of lepton +

5 T

. > > 0.5 |

T-daughters and nothing & s 8, 4§ BABAR |

: . <+ < |

else in the recoil to select < 6o S0 | BT
event E 401 %o.z\ — Bt et .

| E 200 | Em& —_

o fit the lepton momentum $702040608 1 12141618 % 0204065“‘8 [ 12141618
arXiv:0801.0097 Ecyira (CM frame) (GeV) E. . (CM frame) (GeV)
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Yo UNbinned maximum likelihood fit to the lepton momentum in the Bsignal frame

¢e signal modeled by Crystal Ball function to account for energy loss due to
bremsstrahlung, background modeled by double gaussian

o limit is extracted from events in the signal region 2.2GeV/c < p*< 2.42 GeV/c

& BOPCL(B —e/uT) <2.8/22x107° | (CLEO: B < 11/3.8 x 107°)

Uncertainty source|e™ 77 p* 77
Signal Fit 5.6  10.6
Background Fit 3.9 3.1
Biag efficiency 6.4 6.4
PID efficiency 5.3 5.8
MC Statistics 8.6 7.4
Tracking efficiency | 1.7 1.7
Ngg 1.1 1.1

040 """""""""""" EARARRRARERARE T ) IR I B L I L IR I ILRLLL I
> arXiv:0801.0697 BABAR 1 Sao0f BABAR -
L 4378!\/IBB ] LI 0
(530- :: 0% 7 (D C B% +T
vy [submitted to B e1:_ v J0F "
o\ B P N (\ -
<20 Journal S0k ]
o I oL
\1 ‘_ h \10_

- /5]
S S
j—-‘) - ; 2 FUB RO UREEL b : " : : !
g OJ g 0 AbJw -
[ 171819 2 21222324252627 m 1.71.819 2 21222324252627

Lepton Momentum (GeV/c) Lepton momentum (GeV/c)
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Sher/Yuan PRDA44, 1461 (1991)

e GUT introduces FCNC at tree level

~
¢e Natural value of Yukawa couplings 7i; = /mim; / (7 /b) /< y
/
/
e quark and lepton couplings equal at GUT scale )
b > 4 > s
“‘ BHKIJT X 77/37‘ X 77/37‘ U < Uu

ee K/ analysis set limit on Kep

ee experimentally easier, but suppressed by ~ (m./m.)

de Bs—up competitive «x 7, x 07, , suppressed only by ~ (m,/m.)

¢e Tevatron limit very low, but tests different couplings and “naturalness” might not
be exact in nature -
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¢e Work in the recoil of a hadronic Tag-B

¢ Kinematics of the Signal-B are determined

se calculate T-kinematics from Tag-B, K and p

& mr =/ E2 — p2 peaks at T-mass in signal unbinned Iilkelihood fit ----- D’ O
events B .f.or. Y'QUSI - Df
% o 'PRL 99, 201801 (2007) -
Yo require 3 tracks in the recaoill, o \
S b TN -
e ONe passing K and another p PID criteria “ ol ' P N
i > .
""" a A/f__hu__,»/r\ il
& the tau daughter track can be either an " os 04 w2 0 0.2

electron, p or ot

A Ep,, (GeV)

AED"“/ — EK + EH + E7T + pv — Ebeam = DPv — Emzss

& control sample from B — D™, with DY — Kt

ff} Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state ff} ;



% reject events from B — D™y, with DY — K7~ by cut on m(K)

& Charmonium veto in g and & channel

& Likelihood-variable to reject continuum background using Eexira, lepton-ID
| and cos O*t (cos a(Thrustr.gp, Thrustror) )

Jo estimate background from sidebands in 1. PRL 99, 201801 (2007)%
¢e Signal branching fraction E“_i; | ﬂl B 1 1
B; = (n; — b;)/(€:S0) N
S, — ]_VDW( 1 )(Gfgﬁy) control Ez_ _

Bpuv| €D Etaqu sample O_OI

& many systematics cancel in ratio
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Interpretation and Outlook




B—=UT, BKUT

& motivated by neutrino oscillations, a model-independent framework for lepton

flavor changing neutral current has been proposed in  Black, Han, He and Sher,
PRD66, 052003 (2002)

¢e expresses connection of BF and the energy scale of new physics operators Aj

¢o BY—e/uT limits most stringent to date (~ 2.8/2.2 x 10°9)
e moves limit for A>8.2 TeV to A>11.6 TeV for the Avg Operator
¢ still orders of magnitude away from theoretical predictions (MSSM: O 10-19)
¢s in currently considered models.....

& (first) B =Kyt limit B (B — Kur) < 7.7 x 107°

se moves limit for from A>2.6 TeV to A>13 TeV for the Aws Operator

¢ Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state <



B—TVv and Lattice

QCD

& use the measured branching fraction and the UTfit  sf g
~angle fit into a prediction of fg

o f8=0.24+0.044 GeV

x107
ee Lattice QCD ?; j
C 0.8
()] i
o |
& 13=0216:0.022GeV Z,
Phys Rev.Lett.95:212001,’05. (HPQCD) % 08

. se 3 =0.189+0.027 GeV '°04
Int J.Mod.Phys. A20:(5133-5144),'05. &

0.2~
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se semileptonic + hadronic tag combined:

(1.2 T O-4sta,t - O-Sbkg L O-stst) < 10—43

éo‘o add b—sy information L EP limit

—100=-

tanf3

< Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state -



u.c.t S b u.c.t S b d.s.b S

¢e flagship of FCNC: in SM only allowed at loop-level

e N0 GIM suppression in top-loop

I ee experimentally accessible

ee With additional non-SM particles, many more loops possible
ee Strong limit, model dependent

¢ Dest current (BaBar) measurements use 88M BB events

(stat) (sys) (model)
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Theoretical prediction,
Becher and Neubert, PRL 98, 022003 (2007)

BF(B — X4v) =(2.98+£0.26) x 10~*

G O T ey of . Sovain

: S 200 - B — T v (World Avg, 2007) eXC|USIOnS -
i L %
Barberio et al, HFAG, S q00f [ v-omscanme
hep_eX/O6OSOOS &: 600 LEFP Direct Search Lirmt
BF(B — Xsv) = 5 500
(3.55 4 0.247597 £0.02) 400
| x10~* 300

Belle (prelim, 200
~ Mor EW 08) 108 i
BF(B — X7v) = 0 10 20 30 40 50 60 70 80 90 10(
(3311016i037i001) g
v T e tanf
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B—TV, b—sy and

model- dependence

P. Bechtle w.
6 SPheno

5.5

4.5

3.55

— 3.5

7‘\07 O \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
50 100 150 200 250 300 350 400 450 500 100 200 300 400 500 600 700 800 900 1000

2 2 )
brtnz mh vs tb mA brsgz mh vs tb Sqrt( mA + mw+

¢e predictions for the B—Tv and b—sy BF as functions of the Higgs mass ma
and tanf

& here for the 2HDM
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B—TV, b—sy and
model-dependence

50 100 150 200 250 300 350 400 450 500

P Bechtle w
SPheno

brtnz mh vs tb mA

2HDM

|l -4
e, 10
| EE 6
8
7 55
6
5
5
4 4.5
3
4
2
« 38.55
o S S P AN AN AR
100 200 300 400 500 600 700 800 2900 10002
breqz mh ve tb sqrt(mA + myy
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&% these 5
measurements

1o
50 100 150 200 250 300 350 400 450 500

tan 3

40

35

30

25

20

MSSM: constrained my,-max

50

100

" A combined
MSSM: my,-max

teach us
' about the
| nature of the
< NP sector

150 200 250 300 350 400 450 500 : I L 4
50 100 150 200 250 300 350 400 450 500

brsgz mh vs tb mA
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BABAR B
0.8} tan @ = 50 ) preliminary | tan 8= 50 preliminary ; 0.8
= this measurement
s (1) .
! 0.6} . lo.
SNEY this measurement
27 o (assuming 100% long. pol) |,
s
=
0.2 0.2
0 5.!] 'Ill][l 1él] EI.]!] Eéﬂ 200 EII] 1I.]!] 'Ié[l El.]l] Eéﬂ 400 0
Mp (GeV) Mgy (GeV)

¢e Dlue bands in theory prediction dominated by form factors

ee tO be improved new measurements

Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state ff} |
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Conclusions

¢e knowledge about B-decays with T-leptons has increased recently
ee for both “measurement” and “search” channels
oo NO deviation from the Standard Model has been found

¢e leading to improvements of limits on new physics in lepton flavor violating
~ decays

- & results in “measurement” channels can be translated in constraints on the
- charged Higgs

es Will help to interpret signs of “new physics” together with other measurements
such as b—sy

< Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state b



Outlook - BaBar...

se expect updates using the final data sample for B—»Tv and B—»DTtv

¢e 2dd electron channel to B»K"p"t

¢e improvements in charged particle identification
es in particular low momentum muons
¢e higher hadronic tag efficiency

~ & study of multivariate methods

¢e 00k forward to significant signal in B—Tv...

- Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state ¢



¢ Belle will continue to take data

¢o KEK plans: upgrade from second half of

2008-2012 to SuperKEKB

ee SuperB factory (INFN Frascati

ee if NP is seen directly, SuperFlavorFactory (SFF
can help to understand detailed structure of

underlying model

e sensitive to multi-TeV NP even in absence of

direct observations

< Silke Nelson, SLAC
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ee Straight forward extension to SM

se Model |I: Fermions couple to only one of the doublets

¢s interesting region excluded by b—s y

Yo Model Il: One doublet gives mass to down-type quarks, second to top-type
quarks

do V2 =V1% + vo? and tan B = vo/v

¢ coupling to taus enhanced for large tan 8

¢e building block for MSSM
¢e 5 physical states: CP-even H® and h®, CP-odd A and charged H*

ff} Silke Nelson, SLAC Fermilab Wine&Cheese seminar: B-decays with T-leptons in the final state -



Motivation -

Why Taus”

o‘ol helicity suppression in leptonic decays 5 .\ 0*
relieved for more massive T - relatively 5t W
large BF
u VQ
o‘olstronger coupling to Higgs-like Gy m\?
particles BB~ = {v) = gﬂ mi (1 — —,j,B) f2|Vus|*75
ee lOOK at type Il 2HDM: simplest model b qr
with extended Higgs sector B+@H+<
¢e sSimilar to Higgs sector in MSSM u Vo .
Ni ), hep-ph B G2 2\ 2
s | MSSMw MR s e = B (1 ) i
_ _ m2B tan25 WS Hou, Phys. Rev. D. ) mQBi 2
IS TIP T2 T (1 + éotanB) (1 + e,tanB) o non ot x (1 ~ tan”p qui)
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Theoretical prediction,

Theoretical prediction,

‘Becher and Neubert, PRL 98, 022003 (2007)  Misiak et al, PRL 98, 022002 (2007)
BF(B — X,v) =(2.9840.26) x 10* BF(B — Xyy) =(3.15+£0.23) x 107*

Barberio et al, HFAG, B

~ hep-ex/0603003

BF(B — X,) =

(3.55£0.24709% £ 0.02)

| x 1074
Belle (prelim, ®

~ Mor EW 08)

BF(B — Xsv) =

@31i016i037i00D

{}} Silke Nelson, SLAC

M.;>200\ GeV

250

hep-\ph/0603003

measured BF error x 104
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~ & Moriond EW 08, Haisch
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—— On-resonance Data
—— Background MC (scaled) +

22001

S -

'|||||||:

OO 02 04

I||||||?IIIII|'|||||II|

0.8 1
(GeV)

0.6

extr a

PRD 76, 052002 (2007)
semileptonic tag
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—&— On-resonance Data

E total background prediction
combinatorial background
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PRD-RC 77, 011107(2008)
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mode et ,U+ — T 0
Mmiss(GeV/c?) [4.6,6.7] [3.2,6.1] >1.6 <4.6
p:ignal(GeV/C) S L.5 o Z 1.6 Z 1.7
Reont 2.78,4.0] >274 >284 > 2.94
FEextra(GeV) <031 <026 <048 <0.25

Efficiency (%)

42+01 24+£0.149+0.11.240.1

Reont = \/(3 7 — | COS HTI)Q

o (a)

1 2 3 4
MP"/(GeV/c?)
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+ (M3 /(GeV /c?)

<+ 0.5

S

S04

2

E 0.3
0.2
0.1

(b)

™l

0.2 04 0.6 0.8 1
Icos(ﬂ»)l

—0.75)2.

Variable e’ ™ A

extra (GeV) < 0.160 < 0.100 < 0.230 < 0.290
7° multiplicity 0 0 <2 —
Track multiplicity 1 1 <2 1
| cos 07 3| <09 <09 <07 <o0.7
i ( GeV/e) <125 <18 >1.5 —
cos 07 < 0.9 - <05 <0.55
P+ 0(GeV/e) — — - >15
Tp — — - <20
E.o (GeV) — - — > 0.250




B—TV: Background

oredictions

Background Prediction 7 decay mode Expected background Observed
signal mode et ut "l ntd T — ety 1.47 + 1.37 4
T — pTw 1.78 + 0.97 5

Eex‘(c)ra sideband 44.3+5.2 39.8+4.4 120.3£10.2 17.3£3.3 SR 6.70 - 211 10

D" sideband 44.24+6.4 42.8+6.0 113.4+11.6 16.3+4.5 05 493 1+ 1.39 5
All modes 14.27 4+ 3.03 24

T Expected background  Observed events

decay mode events in on-resonance data

T —eTur 44.3 + 5.2 59

™ — utur 39.8 + 4.4 43

7 Sty 120.3 4+ 10.2 125

77— atxy 17.3 £ 3.3 18

All modes 221.7 £ 12.7 245
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