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Symmetries in Particle Physics

€ e

Charge Conjugation (O): p_{ o -

e —_ €

Parity Transformation (P): - e
§ xp reversed

e —_ €

Time Reversal (T): = L

Incoming outgoing

Local QFT with Lorentz Invariance = CPT Conservation

Standard Model (SM): U)yQSUR2)LRSU(3)c

3 quark generations: 1 complex phase = CP Violation v

3 lepton generations: zero my = Lepton Flavor Violation X
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Signatures of New Physics

e CP Violation in K(1964), B(2001), D(?) decays SNEVE o rnal
_ draft to be
e CPT Violation: Sidereal time dependence in B B oscillations submitted
soon

® Excessin FCNCin B — X, q)y, K"0l, KvD decays

o X, v: Isospin Asymmetry, CP Asymmetry
e [{™~: Photon Polarization in Time Dependent CP Asymmetry
o (p/w)y: Isospin Asymmetry, B(pvy)/B(K*v) vs. Bs mixing

e K *//: Longitudinal Polarization, Forward-Backward Asymmetry
e Excess in helicity suppressed B — 00, fv (£ = e, 1) decays
e Excess in helicity favored B — 0/~ 7v, D) 1v decays
e Observation of LFV in B — e, {7, KT decays

e Observation of LFV in 7 — £, ¢7", In, In', bw, 000, Chh decays
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PEP || & BaBAar

Electrom
amn

=55 -
AC-Based B Factory: e
PEP-1 and BABAR £

The BABAR Detector

1 5T solenoid Electromagnetic Calorimeter
Cerenkov 6580 Csl(TI) Crystals
Detector (DIRC)

144 Quartz bars
and 11000 PMTs
AN

Low Enerpy Ring
new) F,
BABAR Delecior R

Enerpy Ring
@ of existing ringl

‘e"?lGeV)

(upgr

Both Rings Housed in Current PEP Tunnel

Drift Chamber

40 layers
e (96eV)
Instrumented Flux Rie¥t ,
Resistive Plate Chambers Silicon Vertex Tracker
and Limited Streamer Tubes 5 layers, double strip
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History of Data Taking

As of 2008/03/18 00:00

‘ Integrated luminosity > 500 fb-! ‘

; Babar -
: PEP Il Delivered Luminosity: 541.91/fp T ° 433 fb at Y<4S) (10.58 CIQV)

BaBar Recorded Luminosity: 523.42/fb

(&)

o

o
|

BaBar Recorded Y(4s): 432.73/tb

o(BB)=1.lnb=0o(cc)=13nb=c@*t™)=09nb
B BaBar Recorded Y(3s): 30.68/fb

— BaBar Recorded Y(2s): 11.82/fb -

4001 — eak LUMINOSItY: 48 20/fD  coeeerreeeeieeeiee e e

O Peskbuminosiy: €5.2070 ] Current Schedule:
7 e 30 fb7 at Y(3S) (10.36 GeV)
- e 20 fb ' at Y(25) (10.02 GeV)

— Delivered Luminosity

— . Recorded Luminosity
Recorded Luminosity Y{4s)

. RzOrded Luminosity ¥(3s)

Integrated Luminosity [fb™]

3 DO I . g;cpo;c;id Luminasity Y250
- - Motivation:
i /Y. 1 e Ylnvisible with
ey f/ 5.1 3 oo sensitive to Dark Matter
i M e Lepton Universality in
g H (25) ] S
- tob 11 A e ] Y decays sensitive to
~ : o L 43 il . .
L — YO,/ — SRR \f\ ! Light Higgs

D 1 1 1 1
G944 945 1000 1002 10.34 10.37 105"

i o G _, . Results:
ot Lt UMY~ @ Expected in Summer "o8
{ﬁﬁ‘h rﬁc}h m@ @be @Qu m@@ @Q@ @@ %QQ%
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DO-DY Mixing
Dy 2 >= p|D°> +q|D°>, |p|* + [q|* = 1

. o —9 Falk, Grossman, Ligeti, Nir,
@ Mixing parameters x and y: in SM x|, [y| < O(107%) |, i pro 6o 114021 (2004)

GX—M, y_ﬁ—rzr r_ (r1+r2)
o GIM, CKM suppressed but enhanced by long-distance effects
‘ Short-range SM Contributions: ‘ ‘ Long-range SM Contributions:
r:x b.:ri ,."'” ' t /_..-IP\--
l‘['g gn' LS. d bh.s.d Do __p.-_{ \‘,. - 5“
AT TN N’

i b.s,d 2 .” W= = K

‘ New Physics Contributions = |x| >> |y|, CP Violation, ...

Supersymmetry: Leptoquarks: Extended Higgs:
g i o LQ i O T

= —il— sl —l— ——————— :
N HO
{i‘ F ¥ q IO yo. ! e

Mixing nDY —» Ktge—: | | G
e BaBar: 3.90 evidence (L = 384fb 1) PRL 98, 211802 (2007) E an
e CDF: 3.80 evidence (£ = 1.5fb ') arXiv: 07121567 (subm. to PRL) §5
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Lifetime:

Mixing parameters:

CP
— TKm
@ yer = Thh 1 conserv.
. _TK= : Thh— Thh cp
o AY = P i Ar — 0

Thh+Thh conserv.

DO— K1+,

arXiv:0712.2249 (subm. to PRD) £ =384 fb~

: Sample YCF AY
D/ K—K™T (1.60 4+ 0.46 £ 0.17)%  (—0.40 4 0.44 £ 0.12)%
r (0.46 £ 0.65 £ 0.25)%  ( 0.05 4 0.64 £+ 0.32)%
Combined  (1.24 £+ 0.39 £ 0.13)%  (—0.26 & 0.36 £ 0.08)%

PRL 98, 211803 (2007) L =540 fb~

YCP Ar

Combined (1.31 +£ 0.32 4+ 0.25)%

(0.01 £ 0.30 & 0.15)%

No evidence of CP violation

{ Evidence of charm mixing at 3.26 level. ]
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K-K+,TUTT

Unblnm—:{] |||-=;e||hc:r-:}d fit to (t, ETI} ‘tn -::rbtaln Thh

o :_ _D*"' : [] Signal i - s Dﬁgmﬂ

S‘“TE KKY! -\‘-.\ Charm ._?m' KEK*; ..\\'-._ Charm

E - J A [ E i "-.,L‘ M comb

g 1FE H % BABAR % fig E’ BABAR
C preliminary

2 F 2

w w10

- 1 -1
e2 2 e 2
& - =2 -
w 10 hﬂgnﬂ n "f‘ n- 1:"*-.\ |j5ignn1 =
g E o .:h.ng P Cham 3
B i [ = i ] Bcomb. ]
Shli 1,.". —ag {ig3 2 ﬂ"* E
E f BABARS : BABAR
E K preliminary ] E [ preliminary ]
L ]ﬂ'g‘ gL' ll]= E
§ e
g M L e
Sy e R | ”'1 }i
ps
210 ko B
S 10° Tkn Ak
E T;?J: F——
i Tk —
T | |
T | |
400 405 410

t[fs
Kn and KK lifetimes differ!
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Direct CPV: 2-body Charm Decays
_TO-TG) _ 2mGAsing,-5) 0.9, D" K'K-

A
I+ T(f) /lf/’/‘Az‘2+2ReA1A;cos( =3,) W' k

C -
2 weak amplitudes DO_ S
. . strong phase difference u §s
with phase difference Single Cabibbo Suppressed™ - K
decays probe penguins
o for f = K=K+, m=nt: Acp ~ O(107> — 10~*) pros1,3:78(1905). RNCIR 26N7,11(2003) wr _—u K
If direct CPV is at 1% level, its likely source is new physics in loop diagrams. fo_ \32:<§
u S
Relative D9/D0 soft pion tagging \ _
efficiency from D%—K-n+data KK 002 T ] 16 B e e ] u
o3 Ycp oorsE BABAR KK | acp .. - BABAR T No
Il-o1 2ot 3 = evidence
1 0.005 . 0.005 | -
| It D@\\\\\\\\\\\\\\\\\\\\\% for
{9099 HMMMIIMISII ) -
]| 0_01;— g 4101:— ] eItner
-1 ~0.97 00150 1 = 0015F —
- D ?éeV/((j)](S _0_0205. I Iulzl I Iul4l Iolﬁl | IOIBI | IE1 _U'OEUEI | Iolzl | IDI4I | Iulsl | Iulal I IE1 mOdeS

w 0.08% systematic uncertainties \ st b
o ASE =( 0.00 & 0.34(stat) £ 0.13(syst)) % CP 5 =(—0.41 + 0.30(stat) £ 0.11(syst)) %

'D/ﬁ Zp =(—0.24 £ 0.52(stat) £ 0.22(syst))% | AZF =(+0.41 % 0.52(stat) & 0.12(syst)) % | [y

O

PRL 100, 061803 (2008) L =3864fb | Prelim. Moriond (2008) L =540fb~
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Direct CPV: 3-body Charm Decays

0 +
Method |: Search for differences in Dalitz L KTK™ ”T
plots between D° and D° e — —
< BABAR % T BABAR Ia
L ~ o IIIlll 2 2 2 ﬂT"' : - preliminary ] '_E"' F preliminary A,
A = (Noo = RNpo)/ oy, + Ro, 39 1% i
E [ + _,H'Z'_ 1 -+
1.020 #ta 7’ E L 14 &
XE)/_U:( E &2)/1'}: b e O r;E1: —-zr,!f, <
op 1.066 K K™= 2 1% 1Lz | 14
o - | S I P Rl e e
One 5ided Gaussian CL for consistency with no CPV: mim ) (GeVieh mi K" iGeVie?

32.8%(r " x) and 16.6% (K 'K~ ) Normalized residuals

Method II: Look for a phase space No evidence for CPV in either modes

integrated asymmetry ﬂ_—|—ﬂ_—,ﬂ0 K—l— K_?TU
0y oy :
Acors(cost™) = N(D') N(E} ) 0.01 BABAR | 1 g.o4t BAB4R | ]
N(Dﬂ) _|_ N(DD) . preliminary - ; preliminary
- . ~N 2% of : EG'DE:_ I
Phase space integrated Acp: | 2 o
at” ™ = (031£041£0.17)% 0.01 ] 00z :
K*K " 0702 04 08 ua 0 02 04 06 08
Lac" T = (1.00=1.67=025)% o5 651 L cos 651
‘*ﬁ Mcnde Eff. [PID [Bkg.[Mistag[Total Syst. [a C*l';r ™ _ (0.43 4+ 0.41 + 1,23)%} D
— 7 ' m [0.06[0.05]0.11 [0.10  |0.17 >
D” — K~ K*7"[0.11[0.08]0.19 |0.10 |0.25 Syst: Tracking=1.01%, Fit=0.58%, Others=0.40% | =I5

arXiv:0802.4035 (subm. to PRL) £ =385fb |arXiv:0801.2439 (subm. to PLB) £ =1532fb~
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World Average of Charm Decays

HFAG (arXiv: 0803.0082, Submitted to Chin.Phys.C)

D - K* v, D' - K*K~/rtn=, D' = K*tn~, D° = K+tn—n°, D° = K+r—ntr—,and D° = K2ntm-

|
L Mo =
===

aaaq

>
2
3
: L.g
_1_IIIIIIII 111 1 | T I N Y I O I | 111 1 IlEG _1 _III IIIIII|III
1 05 0 05 1 15 2 25 0 02 04 06 08 1 12 14 16 1.8
X (%) lg/pl

e Evidence of mixing: (x=0) @ 3.00, (y=0) @ 4.10, (X,y)=(0,0) @ 6.70
e NO evidence of CPV in decay, mixing and/or interference
e Strong Phase Difference < 45° @ 95% CL
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CPT Violation

CPT symmetry

Prob(B° — B°)(Af) = Prob(B° — B°)(Ar)

7 ~ prAa, CP symmetry
Am — i1 Al'/2 At> 0
» Sign of AT defines At = T+-1-
the type of transition.
» The sign of the leptons
gives the flavor of the BY | A - Prob(B° — BY)(|At|) — Prob(B® — B°)(|At)]
5 CPICPTA=E Prob(B° — BY)(|At|) + Prob(B° — BY)(|At|)
2 I“ N )(At < 0) — N(£F,07) (At > 0)
X = N ) (AL <0) + N, ) (AL S 0)
/ Jﬁ/ | AI'xRe(z) = AI'xRe(z), + AI' xRe(z),cos(QT +@,)
I N | Im(z) = Im(z), + Im(z),cos(QT +¢,)
4—:’" "*{Ef/ QI /H? Sidereal frequency Q ~ 1.0027 solar-day-!
X \xl/ o /\\f] @;= @, (assumed 1n our fits to data)
;“‘*h———f Variation of z with a period of 1 sidereal day

= Lorentz Violation = Proof of CPT Violation.

In BaBar: 3y=0.55 =>cosy = 0.607

S. Banerjee
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CPT Violation

o i

I Lll

0.2 04 0.6 08 1

6}

i

. BABAR

[ preliminary

11—

1.2 14 16 18 2

Frequency (1/solar-day)

iz F 12
quu_ug - BABAR o
— preliminary
= 10
0.02 +
0.010 8
0 |
-0.015
-0.025
-0.03F
:I | 111 | 111 | 1 I 111 | 111 I 111 | 111 | 111 I 111 | 111 I 11
0 2 4 6 8 10 12 14 15‘: 18 20 22 2
Time t (sidereal-hours
,.bo.[ld_ - 0
E C l : C
0.03 BABAR 0.9 o - BABAR
- preliminary _lo.8 % -0.01— preliminary
0.02- ' -
C —0.7 C
L -0.02 —
0.01:— /—) 0.6 C
05 / —0.5 -0.03 :—
E —0.4 C
o No CPT 0.3 -0.04 :—
v Violation [o.2 -
0.03 0.051—
0.1 C
0% 65605 oz aoT o G0 6oF 605 G040 296 G5 ghs"

Al"xReG

No CPT and

Lorentz Violations

1
0.06 0.08
Im z,

No evidence of CPT Violation observed
in 2D likelihood or Periodogram method

S. Banerjee
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..

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

2
_ 1 al 2i7wTj
PW)= No ;@

W, o AmxAtj - sin(AmxAtj)

® P(V) = 5.28 @ sidereal
frequency exceeded at
78/20994 tests.

e Correlations between
Imz_/Al' x Rez_and

Imz /Al' x Rez, are

76% and 79%.
e Minima are only 1.50 /
2.20 away from (0.0).

arXiv:o711.2713 | _. -
(subm. to PRL) | aur
L, =211fb~ D/
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HOF Flavor Changin
TI—?#ERIEGI%NS fEi==]—r— Neutral Current

Electromagnetic

bt
b u,c,t s,d

5

d

e EM penguin encoded in C7
e |C7|~0.33 from B(6—>sy)

S. Banerjee
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Tl_mw& !‘ [ I AS TOLD BY

Electromagnetic Electroweak
y . t
b M,C',t Sad b Y’ S.,d g

e EM penguin encoded in C7
e |C7|~0.33 from B(6—>sy) WW Box

e Sign from b6—sl*f g_ .
= Longitudinal Polarization, M
FB Asymmetry in B—K*|l b s,d
._ u,c,t _.
d d

S. Banerjee
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Flavor Chang mg
Neutral Curfen

e Vector/Axial-Vector part
of EW encoded in C9/C10

e SM: V-A (Left-handed)

e Sign-flip in Co9C10: V+A
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MARCH OF

THE PENGUINS
Electromagnetic
Y . E
b u,c,t s,d p s.d !
e EM penguin encoded in C7
e |C7|~0.33 from B(6—>sy)
e Sign from b6—sl*f

= | ongitudinal Polarization,
FB Asymmetry in B—K*|l .b s,d.

ASTOEE.

Fi ¥

Electroweak

WW Box

[=0 in B—KIl, as JP(K)=0-]

S. Banerjee

ik Unwerﬂty f‘»
of Victo
SSSSSSS = Lanada
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Flavor Chang mg
Neutral Curfen

e Vector/Axial-Vector part
of EW encoded in C9/C10

e SM: V-A (Left-handed)

e Sign-flip in Co9C10: V+A
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MARCH OF

THE PENGUINS
Electromagnetic
Y . E
b u,c,t s,d p s.d !
e EM penguin encoded in C7
e |C7|~0.33 from B(6—>sy)
e Sign from b6—sl*f

= | ongitudinal Polarization,
FB Asymmetry in B—K*|l .b s,d.

ASTOEE.

Fi ¥

Electroweak

WW Box

[=0 in B—KIl, as JP(K)=0-]
e EM penguin absent in 6—svv

S. Banerjee

ik Unwerﬂty f‘»
of Victo
SSSSSSS = Lanada
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Flavor Chang mg
Neutral Curfen

e Vector/Axial-Vector part
of EW encoded in C9/C10

e SM: V-A (Left-handed)

e Sign-flip in Co9C10: V+A
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MARCH OF

THE PENGUINS
Electromagnetic
Y . b
b u,c,t s,d p s.d !
e EM penguin encoded in C7
e |C7|=0.33 from B(6—sy)
e Sign from b6—sl*f

= | ongitudinal Polarization,
FB Asymmetry in B—K*|l .b S,d.

AS TOLEDSEN

Fi ¥

Electroweak

WW Box

[=0 in B—KIl, as JP(K)=0-]
e EM penguin absent in 6—svv

S. Banerjee

il Unwerﬂty (ﬁ
of Victoria *
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Flavor Chang mg
Neutral Curfen

Gluonic

e Vector/Axial-Vector part
of EW encoded in C9/C10

e SM: V-A (Left-handed)

e Sign-flip in Co9C10: V+A

= Photon Polarization in

B—K*(Kso)y

Search For New Physics



MARCH OF

THE PENGUINS
Electromagnetic
Y . E
b u,c,t s,d p 1 s.d !
e EM penguin encoded in C7
e |C7|=0.33 from B(6—sy)

e Sign from b—sl*f
= Longitudinal Polarization,

AS TOLEDSEN

Fi ¥

Electroweak

WW Box

FB Asymmetry in B—K*|l b s,d
[=0 in B—KIl, as JP(K)=0-] _u,c,t _
e EM penguin absent in 6—svv d
Higgs Chargino
H X
. | i 1
b u.c.t S b u.c.t S

e New particles in loop
may enhance B(6—sy)

e Affects mostly EW
penguins (C7 & C9)

18

S. Banerjee
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Flavor Chang mg
Neutral Curfen

Gluonic

e Vector/Axial-Vector part
of EW encoded in C9/C10

e SM: V-A (Left-handed)

e Sign-flip in Co9C10: V+A

= Photon Polarization in

B—K*(KsTo)y

Gluino/Neutralino
~ O

g X

—

S|
b d.s.b >
e EM penguins (C7)

enhanced by mg/my
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THE PENGUINS

MARCH OF ff f nsToDBY B —}XSY

E,>E
Theoretically cleanest (GeV) )
CLEO 011 | 20 |, K ; (3.29:0.53)x10°
R 'Y ERLE.zmao?cznm; 1 o6 \
Fully inclusive aBar 81.5 fb 1 e — 3.35 5 5, )x10°
(with lepton tag) PRD72,052004(2005) 19 : ( 051X \
BaBar 815t 1| 1.9 | o : (3.92+0.57)x10
B PRL98,022002(2007) .
- BaBar rro-rc 210161 | 1.9 ; ° ; (3.91:1.11)x10
: i new
4—/ 0 Belle 58101 | 2.24 o (3.69:0.95)x10™
v/ PLB511,151(2001) .
eorpy X Y Belle M40t | 18 . (3.50+0.44)x10
c V PRL93,061803(2004) .
. HFAG 2006 aee (3.55+0.26)x10
Sum of exclusive hep-ex/0603003 4
(* simple minded average) e — (3.97+0.25)x10
& le—-—->{ Becher Neubert [PRL98,022003(2D07)]
B == N — NNLO| [T—Te|Misiak et al [PRL98,022002(200)]
- | Knr, K mete | | TR ) eereen e
2 3 . 4 5
BF(B—X,y) (10) scaled for E, > 1.6 GeV
[ B ] ‘i.' ".o‘ E‘?w B B e Data 0.4 | | MH>ZOO GeVv
reco ) .* g ADAR _ S o 35 CL Contours'on M, (2HDM)
‘.¢" W %200 + | |eB > 250
o P _@ . bkgd Q@ .
\ *.'--::'“ ‘0,* A 150 region -'CIE) HFAG\2006
Asssaasns s GE) 0.25 . LP 2_00_7
& 100 SIQnaI ; o (unofficial) |
& region 3
B ] % H 4 = .15 Misiak etal. PRL 98, 022002 (2007) -
signal + ., 900 updated by Nakao LP07
Y 44 16 18 " 2 22 24 26 2.8 3 3.2 3.4 3.6 3.8 4 4.2
5 (Ge9) Measured B(B — X,y) x 10*
Xs “New” BaBar Technique
E, extracted from fits to M. > 295 GeV (95%CL)
Experimentally cleanest mys =J(Er ) — P2 M. ~ 650 GeV

S. Banerjee
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MARCH OF

=4

AS TO LD

CP, Isospin Asymmetry

THE PENGUINS In B=Xsy
i F BABAR gm BABAR Sum of 16 exclum.ve
g_m preliminary S preliminary (self) ﬂavor—tagglng
E‘m =1 final states: 1 or 3 K, <3,
confinuum Em gm szrtol [eg, Krtrt, KT, etc.]
- o with Eg > 1.9 GeV,
BB and = g - Y 0.6 <m(Xs) < 2.8 GeV
cross-feed | ko & I (Data sample' 383M BB)
' mg, (GeVic }E ' |
b-sy D/ =NEw
B(B— X..,~)—B(B— X
Acp = ( ,d7) ( 0, 7) —0.012 = 0.030(stat.) £ 0.018(syst.)

(most precise measurement to date)

Experiment/Method

Acp

CLEO/Inclusive (10M BE)
Belle/Pseudoreconstruction (1406 BB)
BaBar/Inclusive (89M BE)
BaBar/Semi (80M BE)

—0.079 £+ 0.105 £ 0.022
0.002 £+ 0.050 £ 0.030
—0.110 £ 0.115 4+ 0.017
0.025 £ 0.050 £ 0.015

Recoil Analysis (PRD77, 051103 (R) 2008)

Ag_ =

S. Banerjee

=w% University 5?'“1"5
of Victoria |
ssssssss olumbia - Lanada

® |sospin: Ag_ = —0.06 £0.15 4 0.07
Acp = +0.10 £ 0.18 £+ 0.05
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MARCH OF . Time Dependent CP
"HEPENGI%NS e — Asymmet?ym B— K*0y

O The photon in b — s y decays is polarized in SM (V-A) RO K *0
O Final states almost flavor specific = Interference . YR

between direct and mixing-induced decay only by = AN /1 Helicity Flip
helicity flip allowed by non-zero quark masses = o, Suppressed
O Large mixing-induced CPV indication of New Physics = L7 “ by ~ms/mb
N RO —5 K *0
P+ (At) = 6 7 X |1 4+ Ssin(AmgAt) F C cos(AmgAt)] B K YL
TR —_—
gior 8 BABAR ]
g preliminary
820 -
5 |
R | | e———————————————————————————————
240 -
E i En
320 -
- At=Az/ <Py >c 5
e | =
Y(4s) 2 | }
%, B -E 1t

—
oy
=
N
o
N

[>-h
-t
'.E'
0, Ll
—

ms . o T
A Xiv:0708.1614 | Sy X —sin23 = 0.07£0.03  Creqy =001 (SM)

b
431M BB pairs Sy =—0.08+£0.31£0.05 Cg+ry = —0.150.17 = 0.03
S. Banerjee
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p/W)Y,

U Jof ==t — Isospln%\symme try

THE PENGUINS

PRL 98 151802 (2007)L 316fb 1 - (0*, p°, ) ¥ (combined)
o } JL A ——e—  (p",p°) (combined)
+ —®— BaBar, 316 fb”
# - ® p+,Y PRL 98, 151802 (2007)
+ + : —e . —®— Belle, 598 fb”
B —_ p »Y wagk preliminary
- _ ] ® po,Y [ ] Ball, Jones, Zwicky
B1of B A B AR )R 3 . PRD 75, 054004 (2007)
: I | T : derived from B. J .Z.
Bl ) assuming isospin
EEEE 524 Enﬁg{%iﬂvfngfa ..'._..T'...m...|....;Y....|....|....|....x106
0 0.5 1 1.5 2 25 3 3.5 4
s _Il_ ' _ Branching Fraction
E 1 - | | | | | |
_I_ E - __1=SM central values [__7=EMFV central values
_ 3 0.75F [CJ=SMat68% C.L. I = EMFV at 68% C.L.
—15f " ' = MFV at 68% C.L, C; >0
al0f Y 0.5 Ky
£ 5 BABAR o .qt 3 :
gauzz 524 526 528 53 025 fe  TER— EMFV
m. (GeV/c") : SV
ey AlpY) 04 N —
25k : Ny _ = * E
%mz‘ ‘ ] i —LBop 5’) —1=-0.35+0.27 ]
B? — Wy 2_155 ;]. .__—!: : 0.5 : 2L (B> p7y) f
L F =1 F} 3 ' 1
~10t :]' ]l I:L’- ; 0.75 F: A. Ali, E. Lunghi ' :
£ sgBABAR + “}‘i F - Eur. Phys. J.C26 195(2002) ) = Babar PRL 98, 151802 (2007):
=00 524 526 528 53 001 002 003 004 005 006 007 008

Mgs (GeV/E) B(B — pv)/B(B — K*v)
S.B uner;ﬁeiw .
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MARCH OF Constraints on The
THE PENGUINS SN RS, 0

BF(B — py) Vig 2 (1 — ﬂ;rg/-m.gﬂ}g
BF(B — K*vy) |Vis| (1 =m%./m%)

¢ allows for SU(3) breaking in the form factors

2 .
~C2[1+ AR]

AR allows for isospin breaking (weak annihilation)

= F
L I [Ve/Vis| from B—p/woy
= BRG=KY) 0.202:+0.017(exp)£0.01 5 theo)
| : W \ﬁrl_,ﬁ"‘
E b - 'lr - . = 5.0

-0.5

IIIrT'|I1II

'}. |Vid/Vis| from Bs mixing

0.2060+0.000/ (exp)£0.008theo)
~41 905 0 05 1 PRL 97, 242003 (2006)
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Longitudinal Polarization(FL),
MARCH OF !' I I AsTOLD BY Forward-Backward Asymmetry (Arp)

THE PENGUINS in B— Kl
s Extract F_from a fit to cos(b,), extract A_;, from cos(0))

1 dr 3 , 3 ) 1 4o 3 ) 3 i
— =—F, cos" 6. +—\1-F, \l-cos” &, =—F \l-cos @ )+—(1-F, \l+cos” 6, )]+ A, cosb
[deos(f,) 2 ° § 4( 2 f‘)rdcos(e,) 4 3 ) 8( Al )+ Ay cos6,
a_'DI_BABIIfiR | | Slgnal_ o a BABI‘;R
© 15 pemE combinatoric | ©10- """ -
Ok: between Kand B £ -
in K* rest frame 4 2
L w 5
O:: between | and B
in |+I- rest frame

1.2

< 6.25Gev? /et +0.2477 55 £+ 0.05
> 10.24 Gev? /¢t +0.761055 +0.07

0
-0.2

g Fr : . 12_
<6.25GevZ/ct 0.35+0.16 + 0.04 1 1 08
> 10.24 Gev? /¢t 0.7170359 £ 0.04 . 4 =06F
5 A | : 1 < 04

q FB i N 0_2:_\

2 S

IE :_

e, % '2""'31'"é'"3'"'1'6"'1'2"'111"'1'5"'1'3”3'2! R B e S S S T/ R R 7 T
q? [GeV</c”] o [GeVZ/c]
[ {Eﬁﬁ? solid: Standard Model (SM) short dash: CqCg = —Cy( “I‘X
(Data sample: 384M BB) dot dash: C7Cyo = —C7CR"

S. Banerjee
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MARCH OF
THEPENGUINS  f /1 ©7°%

o

&

]

# of events

=0

Z20

RF output
0

1 0.82

S. Banerjee

=w% University (e%'::
of Victoria | 25

sritish Columbia = Canada

Search for B— Kvv
(semi-leptonic tags)

22 variables in Random Forest method (except D% mass)

[ N —

—

- MC predicticn

BABAR

preliminary

CATA
Signal MO
Signal

req

o6 .7 e

RF oufput

Signal box: blinded

Sideband

DO mass

Events
Expected:

30.71+10.71
Events

Observed:
38

# BB events

B*—K*vv

SM

3.8 x 106

Bel

le 535 M 1.4 x

105 @ 90% CL

BaBar 351 M 4.2 x

105 @ 90% CL

Search For New Physics



TH%ES §f § CONTINUES. B—} | I/ |V, D(J‘)IV

Electroweak Penguin WW Box New Physics at leading order
b I b A AT b MSSH W
o w HY/A°
u,c,t uct VeV,
W "
d/ I d —‘L/\/\/\/\\/}'V\/\/\/\ﬁb— I s - tan's o
Annihilation Diagram Exchange Diagram
Charged Higgs at Tree Level : F e 0 W-H _<TV
B+%>"M< b c
” q q

S. Banerjee
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MARCH OF !' f § CONTINUES.. B—}”, |V, D(J‘)IV

THE PENGUINS
Electroweak Penguin WW Box New Physics at leading order
_ . _ w b MSSM "
b\ 1 b ——— NN\ NNV T
W HYA?
u,c,t u,c,t VesVu
W "
d / I d —m/\/\/\/\év\/\/\/\n»— I s  tans -
Annihilation Diagram Exchange Diagram
Charged Higgs at Tree Level : _ ' T
b w+= H ﬂ W—’H —,,< \_{T
B b c
” q q
v Angular Momentum Conservation X Angular Momentum Conservation

J =0 J=0

e Helicity suppressed decays: B — 00, {v (£ = e, 1)
e Helicity favored decays: B — 0l~, 7v, D)ty

S. Banerjee
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» Construct B? from oppositely Charged tracks (& photon)
» Use Kinematic Variable (mcg, AE)

Mg = \/Ebeam B B AE" = E* beam

Peaks at B mass for signal Peaks at zero for signal

2000

2000

"- e
® simulated data ® simulated data

— background — background
00— Signal 100~ — signal
(*: CM frame) A
| | |
82 522 522 535 528 53 b2 01 0 01 0.2

AE (GeV)

S. Banerjee
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B-11(y), Iv, It

LW The PEP-11/BaBa

. Construct BY from oppositely charged tracks (& photon) e Lepton Momentum is

 Use Kinematic Variable (mgg, AE) mono-energetic in Bsig
rest frame
* ]
MES = \/ Ebeam - AE" = E beam e Reconstruct hadronic
Peaks at B mass for S|gnal Peaks at zero for signal decays on other side
2000 - *' 2 1HY Z+
® simulated data ® simulated data Bsig
— background — background o o
00— signal 10~ — signal B n''s, nV's,
v, T K*'s, Kg's
(*: CM frame) A o Extra energy deposited
82 522 547 555 528 53 02 21 0 ot (GeVO)2 |n Calonmeter EExtra ~ O

S. Banerjee
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B 1I(y), Iv, |t

5 Mode # BB Upper Limit | Previous Best Limit
D/ (SM Expectation) events @ 90% CL | BaBar, CDF, Belle,
0 s atae- -15 -8 -8
PRD 77, BY— e*e (2 x 10-19) 11.3 x 10 6.1 x 10
032007 B0 — M+M' (9 X 10'11) 384 M 5.2 x 108 1.8 x 108
(2008) ||B°— e SLE 9.2 x 10°8 18 x 1078
PRD 77, ||BY— e*ewy (2-8 x10-10) 1.2 x 10”7 None
011104(R) 320 M
(2008) ||BY— puruy (1-6 x 10-10) 1.6 x 107 None
B* — e*v (1.2 x 10-11) 5.2 x 10 9.8 x 10”7
arXiv:
0801.0697 || B* = u* v (5.2 x 10-7) 378 M 5.6 x 106 1.7 x 106
N R
BO— u* T %ﬁ@? 2.2 x 10°
Motivated by neutrino oscillations, a model-independent framework for
Lepton flavor changing neutral current has been proposed by
Flavor Black, Han, He and Sher, PRD 66, 053002 (2002).
MLl Bo—e/ut limits moves lower limit from 8.2 TeV to 11.6 TeV for Asd Operator

S. Banerjee
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Hadronic Tags in 383M BB
PRD77, 011107(R) (2008)

100F

Entries/0.2 GeV)

- _.m\xm\\% w-..n.n.. n

& 02 04 06 08

nmtln.mmjhn:kgmnd

! Signal MC (scaled 1o BF=3x10%

1.2

Eera (GeV)

14 18 1B DTS,

(1.30)

B — t*v

B(BT — 1Ty =

fg: Lattice QCD ~ 10% error

SM prediction: 8= (1.6 £ 0.4) x104

T B(BY — thug) =

(2.20)

B

— THyg) =

2 2 2
Grmpm; B ml P2V
8T m5 BiTubl 75
B

IV,l: b > ulv ~8% error

(1.20 £ 0.39 £ .37) x 10~ 4(2.60)

=1.79 7535 +ggg x 107* (3.50)

BF(B® —t'v_)=BF,,

H

Semi-Leptonic Tags in 383M BB

PRD 76, 052002 (2007)

Type | zH D/\/\ W Hou PRD 48 2342 (1993)

2

Entries/(0.1 GeV)
s 3B

*— (On-resonance Dala
—— Background MC [scaled)

S. Banerjee

>w%| University
of Victoria

Jntish Columbia+ Canada

100

1000 RARRS RS

- B* — v v (World Avg, 2007)
- b — s v (HFAG Avg, 2000)

LEP Direct Search Limit

0=
0

31

10 20 30 40 50 60 70

80 90 100
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B* — DUt*v

Mode B Confirmation of Belle observation in
(%] D**, first observation of D™ and first
B~ —= D% % 0.67+0.37+0.11=+007 evidence for the D modes

B~ —= DYrp. 225 4+ 0.48 £ 0.22 £ 0.17 D
B'" —D'rp, 1.04+0.35=x0.15 £ 0.10 B
B =y B(B" — D1 5.) = (2.027030 + 0.37)% MG

B' —D"r v, 1114051+ 0.04 + 0.04 =
B = Dr v, 0.86 £ 0.24 = 0.11 = 0.06 | 3.506 Belle 535M BB, PRL 99 191807 (2007)
B =D, 1.62+0.31+0.10+0.05| 62| BaBar232M BB, PRL 100 021801 (2008)

BABAR BABAR
0.61 tan 7 = 5 'l1 _ 1 tan G=50 10.8
\f\ this measurement 0‘
| I

(lo)

0B}

this measurement
(assuming 100% long. pol) |,

0.4 Han =20

I B—Driy)

(B —Dpvy ) su

(B — D g )| sm

i M ==
tan =120 == — 0.2

0.2}

l EIEI - .1E;IEI. | .1éﬂ — EI;J[I. | Eéﬂ. | .EIEID | ﬂ] | lH;IEI - 1_';ﬂ — EEIJEI. | .Eéﬂl l .EIEIEI
My (GeV) Mg (GeV)
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+ +
B* — K*tu
* Violates not one but ftwo rules of the standard model!

— Flavor changing neutral current (FCNC) [b—=2>s].
— Lepton flavor violation (note no neutrinos from B decay).

> Fully-reconstruct B* — K*tu in recoil of other B

NO [ 'NU' -----------------
Sher/Yuan PRD44, 1461 (1991) 24_&%;
L q [ %
New scalar from < — a,
o g ol
I c 2
. O
> =
m -
O__ll--- -.-.I....I.é..él....l....l
0 0.5 | 1.5 2 2.5 3
m, (GeV/c")

Data Sample : 383M BB | moves lower limit from 2.6 TeV to 13 TeV for Aps operator

S. Banerjee
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Lepton Flavor Violation in T decays

® | epton flavor violation (LE'V)

» not forbidden by SM gauge symmetry
® most new models naturally include LE'V vertex

® |n SM, LF is conserved for zero degenerate » masses

®» Now we have clear indication that ~'s have finite mass
— Lepton Flavor is violated in Nature: but by how much?

® SM extended to include finite » mass and mixing predicts LE'V

B(TT — 1477 [Lee-Shrock, Phys. Rev. D 16, 1444 (1877)]

2\ 2
. [ Am? . 9. _
3‘:1; ( JES) sin? 20mixB(T — pv,vr)
W

With A ~ 1072 eV?, Mw ~ O(10*) eV
~ {jj(]-[}_ﬁd:] (Hmi:h: : ma}‘:)

... many orders below experimental sensitivity!

S. Banerjee
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If we saw ...

(Energy, Mass), _gaushters ~ | _ m,) (upto resolution & radiation)

WM /7777

=
&

£+ 3

..unambiguous signature of new physics!

S. Banerjee
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Lepton Flavor Violation in T decays

$» Some models predict LF'V upto existing experimental bounds

B(t — fv) | B(t — £6F)
SM+-mixing (PRL95(2005)41802,EPJC8(1999)513) 10—54 10— 14
SUSY Higgs (PLB549(2002)159, PLB566(2003)217) 10—10 107
SM+Heavy Majorana v, (PRD66(2002)034008) 10— 1010
Non-Universal Z' (PLB547(2002)252) 10—? 10—®
SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012) 108 1010
mSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013) 10—7 10—9

MSSM+seesaw (PRD66 (2002) 057301) B(t — pvy): B(T — ppp): B(t — un)=1.5:1:8.4

lllustrations:

S. Banerjee
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ete™—T*T” (Clean Environment)

(T — E’}] (T — (00 (T — Eh,-h.’))
: 1 or 3 prong l : 1 prong

2 I(h)
v DALy I(h) DAy
Signal-Side Tag-Side || Signal-Side Tag-Side
Backgrounds: Backgrounds:
L - ey (T — py): » —— T
» Radiative Bhabha (di-muon) & Bhabha, di-muon
5 T+T_"}{'T — L) » =iV, — (hh':
£ qq {A.'f) ® +t+—. qq
[T — LY S|mulat|0n] ~> R itial State Radiation
QD 2[R Toe, /
AE = Eec — ¥ ~ 0 O it 10°
| S g,
o(AE) ~ 50 MeV H I e e -
Mec (o ~ 9 MeV) = 18z : : 0
Beam energy = o
constrained mass 1 glPhoton af édge -
: Y[~ of acceptance
after vertexing - 1
v 8t pocaccy) 4 05 0 05
[Inv. mass: o ~ 24 MeV | AE (GGV)

S. Banerjee
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t— |, T—=lo(—=m+m-nd

0z T T e v —uwee - Jr—wete,

ofor o . s Tj B L f].;;.;

_0_2;‘ . . B ) _;'. . .°° . . 1 ."°.. . ) :._-

B(r — 000) < (3.7—-8.0) x107°= [ ** . . I s - ' - ]
o g - oo ® o i ‘1 ..o

@ 90% C.L. = _0_6_..,” ~ . _._3 2 . 1

<7 ® °:. °s | | | | ® ®

PRL 99,
251803 0-2
(2007) o
L, =376 fb~

o

N

?o.'o| ]
»

o’.' .

. )
T
== -
v

¥

'2 ® " .: _.. ‘ ok b ®
o S . e ® . . ® s . @ - ®e
o4l - 1* Y |
“6.::00.‘ 'S : ® .{‘ e b s °
0.6t s v I S . ]
%ﬁ a%% . L o ® el ° ® |

04 02 0 0.2 04 02 0 02
A M (GeV/c?)

B(T — GW) < 11 X 10_8 N‘J 2 | T [ T cq""; 21 | o [ T
B(t — pw) < 10 x 1078 > [ 13 T y
( H ) S 9 T—€ew 1 &, 9 T—=uw =

@ 90% C.L. T 2 .

= ; 1= F .~ . - hm g
PRL 100, 1.8— e i RS R =
071802 [ = =27 R 75 e :
1.7 - I L oS R R o
(2008) I . e G -

L — 384‘ fb-1 1.6 Lt _-OI_5 I é' L 1.6 [y ! :';)[;." Bl WL ‘; - 1

A E (GeV) A E (GeV)
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Status of LFV Tt decays

W.J. Marciano, T. Mori and J.M. Roney, Annu. Rev. Nucl. Part. Sci. 2008 58

Channel Belle Babar BF
Now(Nike) ~ BF | Nou(Migg) ~ BF || Freq. (aves
events (10~5) events (10~%) || (107%) (10~%)
T — py 10 (13.9758) 4.5 4(62+0.5) 6.8 2.3 5.9
T — ey 5 (5.147559) 12 1 (1.94 0.4) 11 7.2 8.5
T — pete= | 0 (0.04+£0.04) 2.7 | 2 (0.89+0.27) 8.0 3.0 3.0
T — pptp~ | 0 (0.07+£0.05) 3.2 | 0(0.33+0.19) 5.3 1.7 2.0
T —eutp— | 0(0.05+£0.03) 4.1 | 0(0.814+0.31) 3.7 1.4 2.2
T — eete™ | 0 (0.404+0.30) 3.6 | 1(1.33+0.25) 4.3 1.8 2.6

S. Banerjee
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% of Victoria @ 39
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Status of LFV Tt decays

W.J. Marciano, T. Mori and J.M. Roney, Annu. Rev. Nucl. Part. Sci. 2008 58

Channel f=e (1079) {=p (107%)

Belle Babar @b Belle Babar

T — 7Y 8 13 4.2 5.0 12 11 5.5 6.4

T — £ny 0.2 16 4.3 6.8 6.

[y |
[y
o

4.9 6.1

T — (1 16 24 8.9 0.7 13 14 5.2 7.3

T — (K% | 5.6 5.6 4.9 4.9

T—0lp | 7.3 7.3 13 13

T— 0% | 6.3 6.3 6.8 6.8

T—lw | 18 10 8.3 R.5 8.9 11 3.4 5.6
T — (K™ | 78 7.8 5.9 5.9
T— KO | 77 7.7 10 10

S. Banerjee
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New Physics Constraints
® mSUGRA mixing at GUT scale: £ = — M2L*L — M2E*E

| Y-

Model-independent =

. en 0.8
calculation mE: :
(A.Brignole, A.Rossi, 0.6
NPB701(2004)3) 0.af
mgyr = 5-107° GeV 0.2;
p =0, Apg =0 :

RGE using SPheno

(W. Porod, CPC153(2003)275)
Cold Dark Matter: WMAP Data

Simulation with micrOMEGAS
(CPC149(2002)103)

Mpp = 5 x 1014 @ eV, tan 3

— EE

— bl

w =0, A =0, mg, mq ya,

i

2 2 . 0
"”L' _-".IE. Diagonal

P
=300

-Excluded by BaBar
B(r —'ey)

,...--""i}in B=10

_~"tan = 20

tan i = 40

1 ] 1
400

1 1 ] L 1
600

"B00 1000

Universal scalar mass Iy {GEVICEJ

» mMSUGRA + Seesaw: r-mixing induces LFV at EW scale via RGE

;EEE-III
@0
b
E 2000 F
A o~ & allowed by CDM
n a?.} & =
E15-[!3 .-"f
o _ _
£ .
%\“}W / I« 11 sl :--||.|.u'|-.r TAac Tary
U\ — —
3 1-T0=% _ Babar4Belle ih 2008
g s ?ﬁfﬁ.lded by |
é:) {T . H-":I"}?" .|| S — now
500 1000 1500 J-j'-"l 2000 2500
LEP excluded nn RESE mo GaV

41

Universal scalar mass
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Ty & Soks

® 5SUSY SU(5) GUT: Flavor changing right-handed currents =
Correlations between CP asymmetry in b-s penguins and 7 — p~y

2 2N*F i,
. (ng )az = (mjL )€
e PP LR =
f,—f‘" 200
4[:[];{.-" b
F -3 . .
. J. Hisano, Y. Shimizu
10~ ] 600 ri#r 0 m E
= ;E%EE‘EZZZZZEZZZZZZZZZZZ:&I&EZIEZZ_‘IZLL:ZZ} (PLE565(2003)183)
T ' 800 H:\ ! i
& RABAR&BELME _______soo_m 0¥ o __]
(88| - ] "t. . 1 600 1
107 | =10 0" ﬁf‘zﬂu | tan 3 = 10, Ag = 0,
1 10° | m,, =5 x 1014 GeV,
I mLn . 1
My o= e o m,,. =5 x 1072eV
-ll:}_ﬂI ............................
0.55 0.59 0.63 0.67
Sy

® Current measurement: S(B — ¢K") = (0.39+0.17) (HFAG, 2007)
More sensitive B(7+ — u+) < 2 x 10~8 exclude some regions.
S. Banerjee
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t—|ll Implications

®» SUSY + Higgs (A.Brignole, A.Rossi, PLB566(2003)217)

- 2 2
® B(r — 3u) = 1077 x (18886  (100GeV ya , (S0AL| 4I50ARL

o If Higgs light, s-particles ~ O( TeV), tan 3 ~ 50

& No direct observation, but = — 11 Observable (?)
& Sensitivity ~ 1078 — 10~1° at B-Factories, LHC

® Non Universal Z’ (Technicolor) (C.Yue, Y.Zhang, L.Liu, PLB547(2002)252)

® 1 — {ff most sensitive -
o Flavor mixing (k1) =02, <
- —k, =02
—= Mz < 1.2 TeV — ‘
Tr 200 |-
o "F
: A ———
M, ( GeV )

S Banerjee
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Search for CP-odd Hiqggs

® Mixing between left-handed smuons and staus with m,, =

101* GeV via seesaw = 7= — =7 limit translates into exclusion
plot In tan 7 vs. m 4 plane (M.Sher, PRD66 (2002) 057301)

100 H
AO
gof o °°r B BARARR o~ : !
no mixing € ®
] 4
. t 100 GeV

60 _-=IZE B(r= —H-ﬂi?}‘)=0.84><10_’3‘><( Z‘;ﬁ) ( - )
o BI%L}E::::: -~ ma
E .-z ZI= ~= where m 4 is the pseudoscalar Higgs mass and tan3 — {H.)/{Hq)
a 40 _ -=" BaBar & BELLE

Light and dark shade:

mp** and no-mixing stop
no mixing mixing benchmark models
(M. Carena et.al, hep-ph/9912223)

20

uﬂﬂ 100 120 140 160 180 200

m, (GeV/c?) 1-2007

ava2az

S. Banerjee, Nucl. Phys. Proc. Suppl. 169, 199 (2007)

® 95% C.L. from BABAR-BELLE competitive with direct searches at
CDF: Higgs — 717~ (310 pb™"), DO: Higgs — bb (260 pb~ 1),
rT7~ (325 pb~'); complementary to region excluded by LEP2

S. Banerjee
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Summary & Outlook

Flavor Factories are more than precision machine:

Discovery of New Physics hopeful...

HT Minimal Non-Minimal Non-Minimal NP Right-Handed CC -5
high tan/3 FV FV (1-3) FV (2-3) Z-penguins currents m 10
BR(E — X.v) X o o O
Acp(B — Xay) X o re CLEO ® LY
BR(E — Tv) X-CKM ) A B T
BR(B — X.I*17) 0 0 0 S 70 9 1ve7 @ A TN
BR(B — Kuv7) 0 X O B factories
S(Ksn%y) X % Belle, BaBar)
3 X-CKM X 006
— 7 Agm 2018
Mode Sensitivity 10 [ ]
Current Expected (10 ab™') Expected (75 ah_l} !?ISUGRAH?E’SMw
’ — il ] 'TIE-"'..- .r.l.-"'f . I.!"-rl
B}._‘I.IB _13’“}’.1 A 3 3% SUSY+S0(10)
Acp(B — Xav) 0.037 0.01 0.004-0.005 8
BR(B* — rtu) 30% 10% 3-4% 10
PR 4+ - 0 SM+seesaw
BR(B™ — p ) |not measured 20%% 5—6% it
BR(B — X I7I7) 23% 15% 46 SUSY+Higgs Super
App(B — X717 )s, [not measured 0% 4-6% 10 -9
BER(B — Kvv) |not measured  not measured 16-20% 10 -3 10 -2 10 1 ] 10
S(Ksm"y) 0.24 0.08 0.02-0.03 Luminosity (ab1)
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