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Indirect constraints

Indirect charged Higgs limits obtained from B decay measurements:
o Comparatively large coupling to charge Higgs due to mass of b quark

Large-tanf3 region accessible via tree level processes:

e Leptonic decays of heavy pseudoscalar mesons: b>BVub < Y,

+
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- Charged Higgs (2HDM) modifies SM Br by a multiplicative factor which is
independent of lepton flavor:
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FCNC SM processes can have sizable new physics contributions:

e Radiative decays - Nﬁﬁﬂ H
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The BABAR detector

B factory operations at SLAC from 1999
until beginning of 2008 EM calorimeter

Magnet flux return
instrumented with

e Centre of mass energy of 10.58 GeV 658? ?SI(TD RPCs (— LSTs)
for Y(4S) — BB crystals

15T

e Asymmetric beam energies produce solenoid

boost of fy=0.56 in lab frame

DIRC — RICH utilizing
total internal reflection

PEP-11
Rings ™

Fositrons 4

Low Energy Ring
BABAR Detector

5-layer silicon

9.0 GeV
( V) vertex detector

Electrons

High Encrgy Ring 40 layer drift chamber (dE/dx)
G, /pr=(0.13 - pp /[GeVic] +0.45)%




BABARIPEP-Il Operations

Final BABAR Y(4S) “onpeak” data
sample of ~0.5x109 BB pairs,
corresponding to an integrated
luminosity of 430 fb-1

e also substantial samples of
continuum tau- and charm-pair
events

also ~45 fb-1 of Y “narrow
resonance” data (surprise!)...
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(one or more) neutrinos may lack
Kinematic constraints which can be

exploited for background suppression

e Reconstruct the decay of the non-signal
“tag” B in Y(4S) »B'B" in one of a large

number of exclusive decay modes

= attribute all other particles to the
decay of the “signal” B" candidate

e B — D™ X- Hadronic tags
- yield ~2700/fb”

e B—D'l'vX® Semileptonic tags
- yield ~6000/fb™

- similar method but lower yield for neutral B
tags...

Analysis technique t@gy

Inclusive final states, or those containing
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Event selection

e Suppress continuum backgrounds by exploiting differences in
event “shapes” resulting from low momentum of B mesons from

Y(4S) decays
e/
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B + Phys. Rev. D76, 052002 (2007)
—>T V  phys. Rev. D77, 011107 (2008)

Experimentally challenging due to presence of multiple neutrinos:

e Search for 1-prong t decays: t1—evv, T—uvv, T—nv and t—nanlv

e “Topological” signal candidate selection, then require residual
calorimeter energy to be consistent with “noise”
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BABAR searches based on 383 x 106 B meson pairs
B(BT — 77v) = (0.9 + 0.6(stat.) + 0.1(syst.)) x 107* (SL tag)
B(BT — 7tv) = (1.8702 £0.44+0.2) x 10™* (Had tag)

Combined result: (2.60 significance)
B(Bt — tTv) = (1‘210,4%%io.:abkg‘iozs},st‘)x10—4.



B" —t'v (Belle)

Belle reported a new preliminary
result at ICHEPOS8 based on
SL tag reconstruction (657M B
meson pairs):
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e Clear excess visible in signal
region of “Extra energy” _
variable 150 |

B(B — tv) =[1.65"335 (star)'§33 (sys] x 10 \qoo | 3
Presentation by K. Hara , ICHEP08 50 £/
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e Previous Belle hadronic tag result
(statistically independent sample):

2

B(B — v) =[1.79707% (stat) 22 (syst)]x 107
Phys. Rev. Lett. 97, 251802 (2006)

= Consistent results, but high compared with SM expectation




Interpretation
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BELLE

1000

Assuming SM is given by CKMfitter
expectation:
B(B — t0) g, = (0.937717)x107~*

800

e Alternate prescription would be to
use fg from lattice, V,, from
experimental world average:
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=
=
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|Vub|= (4.39 + 0.54) x 10-3, fg =0.189 + 0.027 GeV

H* Mass (GeV/c?)

B(B—YL'V)SM = (12 + 04) X 10'4,
200

Naive combination of BABAR and

2HDM  r,=1.77+0.65

ru<1 region disfavoured mcf-“"

by “high” BF
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Belle results yields
B(B—tv) = (1.51 £ 0.33 ) x 104
...very close to 50 from zero

'H ~ 1.6
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“Pathological” case where
Higgs contribution is
exactly double the SM

40 0
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Large - ry region
(ruled out by
BF upper limits)
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Consistency with SM

Specific bound also depends on the scenario — e.g. MSSM

e EFT approach in MFV: (G. Isidori, arXiv:0710.5377 )
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with gytanp ~ O(1) for large tanf
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I area has CL > 0.95

A better way to think of this is that the : O
combination of B—tv with other - (pre ICIFIEP)
flavor observables can be used to
verify the overall consistency of the
CKM picture

e |f B—tvis incompatible, then
evidence of NP, but interpretation

is (obviously) model dependent e -
] . C % Conitraint from B" — t*v_and Am, ]
. TenSIOn In the Overall CKM - _I 1 1 | 11 1 1 i 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 I_

determination at the level of about S

~1.50 P




Beyond Tree Level...

Tree-level charged Higgs (Type-ll 2HDM or MSSM) contribution
has the same effect on all leptonic modes:

B(B*—/Vv)*M = B(B"'—=/v)M x [1 —tan’f (m’s/m’w) |’
e “Universality” preserved at tree level

e Equal sensitivity in all modes!

At one-loop level, potentially large Lepton Flavour Violation (LFV)
effects entering from e.g. SUSY in grand unification scenarios:

i.e. B"—1I'vy, where I' #1 Vvia effective /H v coupling

Observable effects in ratios, Ry,”

.\ MSSM .\ SM 1 m? m2 , tan® ;3
Rf /T _ RE /T 1 B T ATF. .-
( B )LFV ( B ) + Rp-, \ M I"_}i m; Akl (1 4 €o tan 3)?

e Uncertainties from V , and fg cancel in ratio of modes!

G. Isidori and P. Paradisi hep-ph/0605012
A. Masiero, P. Paradisi and R. Petronzio hep-ph/0511289

, of B leptonic branching ratios:




“Inclusive” B' —p*v

Two body B™—u'v final state with a high
momentum muon yields a distinctive signature

e Search can be performed either

with* or without tag reconstruction 7 B-

* Phys.Rev.D77:091104,2008.
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about a factor of two from the
SM! B(B"—u'v)sm ~5x 107



Inclusive B — Xs vy

FCNC process in SM:

WZ
//’ \\“P‘Q’\Jv“[\rv

u,c,t

SM dominated by
t-quark contribution

NP could enter at one loop level, same as SM contribution, but

sensitivity limited by hadronic uncertainties ;
H X g, %

I [l [} 1 r 1
b u.c.t S b u.c.t S b d.s.b S

e Inclusive calculation more reliable (assuming quark — hadron duality),
but more difficult experimentally

Recent NNLO QCD correction substantially reduces the main
theoretical uncertainties on inclusive b— sy calculation

e “Robust” experimental determination with <10% precision



(based on 210 fb-1i.e. about half of full data statistics)
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Inclusive B — X 7y (with tag reco) t%)

Recent BABAR measurement utilizing hadronic tag reconstruction
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Also obtain moments of photon energy distribution:

(E, }(E, >1.9GeV') =2.289 £0.058 +0.027GeV
((E, - (E,))’) =0.0334 +0.0124 +0.0062Ge V"

- determine heavy quark parameters as inputs for CKM element determinations

E, (GeV)
B(B— Xy,E, >1.9GelV) =3.66 £0.85(stat) £0.60(sys) X10™"

PRD 77:051103 2008

« Technique currently limited by data statistics (low efficiency due to tag
selection), but would be method of choice for a “Super B factory”




B Xs7y

HFAG experimental average (April 2008) 4y
B(B — Xsy) = (3.52 0. 23 + 0.09) x 10™4

S00F

Improved theoretical prediction*

for inclusive branching fraction:
B(B — Xsy) = (3.0-35)x 104
for E > 1.6 GeV with 5

uncertainties that vary from
7% to 14%

e SM prediction is ~1c below
current experimental average
(previously good agreement 0
with NLO predictions)
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* M. Misiak et al., Phys. Rev. Lett. 98, 022002 (2007).
T. Becher andM. Neubert, Phys. Lett. B637, 251 (2006).
J. R. Andersen and E. Gardi, JHEP 01, 029 (2007).



LHC vs Flavour Constraints
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ATLAS 30fb-1 sensitivity mapped onto current flavour bounds

» comparable to bound from B(B—1v) if measured with ~15% precision
(assuming SM rate)




Summary

Recent B Factory rare decay results significantly constrain my — tanf3
plane for type Il 2HDM

e B—tv almost 50 signal and currently about 1.50 from SM

e B—uv limits approaching SM expectation; will potentially impose a
substantial constraint in the future

Experimentally robust determination of inclusive b— sy branching
fraction slightly high compared with recent theory predictions

o “Weaker” my constraint than previously (or favours charged Higgs...)
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Belle inclusive B — Xs vy
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B(B — X,v) = (3.314£0.19+0.37 £ 0.01) x 10~*
(stat.) (syst.) (boost.)
(E,) = 2.281 £ 0.032 % 0.053 & 0.002 GeV

(B2) — (E,)* = 0.0396 £ 0.0156 £ 0.0214 £ 0.0012 GeV?

arXiv: 0804.1580




Belle B* —»t'v interpretation {B
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Tagged B —I'v (I=e, p) and LFV &

Use hadronic tag reconstruction method to
search for leptonic and lepton flavor
violating B decay modes

e Two-body decays yield clean signature in
signal B rest frame

.._E_J_ T T T T T T T T T
= 350 ' BABAR

5 5 B

Entries / 0002 GeV/c*

2 s =

= | 1 1 I 1 1

S 5192232425262 72820 3 523 524 525 526 527 528 529 53
Lepton momentum (GeV/c) ]?nu,g Mg {GBVIBZ)

2 of T BABaAr - Mode Data Sample 90% CL limit
_n N

] - Bﬂ +

QSU'E_ —» T3

= anE B

=20 :

% lD':— 1 .

'E ..- . nlh": .1......-._-- ' T, l 5

Lﬁ 1.71.819 2 212223242526 2.7

Lepton momentum (GeV/c) PRD-RC 77, 091104 (2008)



Inclusive B' —I'v (I=e, p)

o Efficiencies much higher than
exclusive method, but also vV
higher backgrounds: €,=(2.18 ; B, 0= p*

*+ 0.06)% €.=(2.39 = 0.06)%

B_
o Extract signal from fit to M. 7

distribution in region: 5.1<
Mpc < 5.29; -0.8
(-1.0) < AE <0.4 GeV for p(e)

Phys.Lett.B647:67-
73,2007,

hep-ex/0611045
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in the SM:

u

Leptonic B decays [}/’

« Leptonic B decays are helicity-suppressed EW tree processes

JAY V Standard Model Rates
B B(B* — 1'v) ~ 1x10*
““““ B(B* —u'v) ~ 4x107

WO B(B" —ev) ~ 102

2 2\ 2
- 9 0 2 £
Br(B"T — (Ty,) = 8 |Vis|“ fp1eemy TR ( .
7 ?T!-E

« New physics contributions can arise from diagrams with internal
lines containing non-SM patrticles:

V

l—l—

Charged Higgs, R-parity :

violating SUSY scalar id L
sparticles, Pati-Salam )

leptoquarks... u/'/\‘\ﬁ



Integrated Luminosity [fb™]

i BaBar
50 B PEP Il Delivered Luminosity: 56.82/fb
I BaBar Recorded Luminosity: 54.00/fb T
- BaBar Recorded Y(4s): 0.78/fb T
~ BaBar Recorded Y(3s): 30.22/tb T
~ BaBar Recorded Y(2s): 14.45/fb 1
- Off Peak Luminosity: 8.54/fb —
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Run?7

As of 2008/04/11 00:00

Data taken between
December 16, 2007 and April
7, 2008

30.2 fb-! at Y(3S)
14.5 b1 at Y(2S)
~5 fb™1 above Y(4S) scan

Several Y(3S) analyses and
above Y(4S) scan targeting
ICHEP 2008



Interesting times...

Run plan for Run 7 approved until Oct 2008 with luminosity target of
~2x1034 with anticipation of an additional ~50% new data

e BABAR IFR (barrel muon system)

Dec 21% — Congressional budget
cuts (targetted at ILC) result in
termination of BABAR run
effective Jan 1% 2008

e BABAR successfully argues
that physics case for Y(3S) &
Y(2S) justifies a 3-month
extension of the run

PEP-II/BABAR retool
accelerator, detector and trigger
system within a 3-day period
over the holiday break

Integrated Luminosity [fb™]

substantial upgrades to accelerator during 3-month shutdown in fall 2007

upgrade completed prior to 2007 run
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Y(4s)

The Y(4S) is a bb resonance which _ E . o
lies just above the mass CECI £
threshold for production of BB 5 .| } ¢ o
-g I I II "E
meson pairs. LI >
. T w00 « P (a8
 Cross section of ~1.1nb wo b i .
L osp A S -
~ il I -1 B + ke b ‘!'H*’* tatapiad g4 ‘*“_."""'i—-n._l ]
1.1 million BB pairs per fb vas) Yes ves) | TTTvas
g.-’l-’l 046 10.00 1002 ].D 34 10, 3’]" 10.54 10.5%8 10.62
= _ . Mass (Gerc )
B°B® pair is produced in The two B mesons evolve Y (45) Eneray Sean
a coherent L=1 state = in phase until one decays . —
: i 0.00r PEP- II
et (EPR situation) | BaBar
r anti B Off
E_’ .-"'j | —t ¢
; |
= Enables studies of time-dependence of T o . =
Ecm -M Y(4S) (MeV)

decays of “flavour-tagged” neutral B mesons




Electroweak FCNCs

B— XY )
W
b - ,’/ . ‘fﬂd:w . New physics could result in a
u,ct distinctive pattern of deviations in

observables across a variety of

C7 (Photon penguin) only related FCNC modes

Observables: branching fractions E, (or
Mhad) SPectrum, Acp

B— X, I'T
" N By — I'T
i :"JJ:< : ”AEJJ%E/ h - 2 - "
' ds - lis v ¢
C; ,Co (Vector EW) and Cy

Observables: (partial) branching C+o (Axial vector EW) only
fractions, dilepton Aqg, Acp

Observables: branching fractions



Lepton Flavour Violation

* |n Standard Model, lepton flavour conservation is not associated
with any underlying symmetry principle
e LFV generally permitted in New Physics models containing more
than one Higgs doublet

In SUSY seesaw models, flavour changing insertions arise from Yukawa
couplings in the slepton mass RGEs:

~

~0
X

= New Physics effects int— [y (/ =e,u) can saturate
experimental bounds in natural and well-motivated models

- MSSM with heavy right-handed neutrinos and seesaw mechanism: Br~10"

- heavy Dirac neutrinos, RPV SUSY models, flavour changing Z' models...



Higgs mediated LFV

« Higgs mediated LFV present in MSSM at loop level given that
there is a source of LFV among sleptons

| Effective SUSY
| h,H A | Hy, Hy, Hy

e Predicts LFV effects in a variety of t and B decay modes
(with preference for 3" generation couplings):

- @/ @5 ™ >/

|
| sls %&nrzﬁ)
. / \u % f r(e)

From A. Dedes, Super B Factory
proceedings: hep-ph/0503261



Analysis Technique illustrated with updated B — K*(892)y
P e A UL L NN N RN N N, y

1 B— K*v (K*->K.m *) candidate

' | Y\\\‘ L / ' other B decay

Muon from

L+
2.636 GeV

. Detached vertex
High energy

photon in EMC from Ks — 1
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