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The Players: Experiments

mostly BABAR,
e'e” = Y(4S) > BB

I A T B
4

(~385-10°0f each',._. aff_f_—”'
(~235-10°0f each B°.B°.B*.B") N

B°,B°,B",B")

and recently LHCb
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B Decays and CPV...

.. help determine precise parameters of the
Standard Model (SM)
(in particular CKM matrix elements)

.. may show New Physics

.. test low-g? QCD (form factors...)




The Unitary CKM Matrix
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e CPV:B=d,




The Unitary CKM Matrix

Cabibbo,

Kobayashi,
Maskawa

B: CPV in B — J/wK' (K — nrt as CP+ state), D*D~ etc.
B": CPV in B’ — ¢K'¢ etc. (penguins)

B,: see next talk (B,)
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sin 2B (bd — ¢Csd — ctdd)
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sin 2B (bd — ¢Csd — ctdd)

e'e” — Y(4S) - (BB - BB)

CP=-1 (Jiy K ...) CP=+1 (JiyK) B,=B"/B,~=B"
;gg 250 | '
g 300 2 200Ff N s .
g ggg g 1505_ +'+ N e M(1+Smg’signal SINAMAL+Cy ona cosAmAt)
£ 150} £ 100} |
S 100 E z i
w 52; ] 50F + (convention!)
R NIRRT ANENEN BRENET UAA SUATS ST R 0_||||||||||||||| 1 | |
06| 06 ++
S 0.4f .. 04F
% 02f 3 0.2 /(M ‘\’
£ i £ ’ | |
E_ 0 i E, 0 i T
2 02} 2 02} }
-0.4 — -0.4 }
Rl S b .. dilution-corrected asymmetry:
-6 -4 -? 052 4 6 -6 -4 -? DSZ 4 6 N(B+f)_N(E+f)
b %9 diluted asymmetry® a(Af) = NGB NG
+ )+ +
L'(]c;tlme) dlgzre;]ce = Sp gignar SMAMAL + Cy . cOS AmAt
ignal) :
S e Syxs =Sy =8iN2f  =0.667+0.023+0.012
Belle, PRL 108, 171802 (2012) CB,KS :CB,KL ~0 =0.006£0.016£0.012



sin 2B (bd — ctdd)

SM:
S=-—sin2pB,C=0
CPpP Moriond 2012 for tree S

PRELIMINARY

but:
beware of penguins!
they modify S and C

Contours give -2a1In L) = Ax° = 1, corresponding te 60.7% GL for 2 dof



sin 2B (bd — ccdd)

disentangle CP=+1/-1 (L=even/odd)

/
R T
D D SCP VS CCP EPS 2011
Cep PRELIMINARY
| T T T
BaBar: SM:
Belle ' S =—sin 2B, C =0
Average - S 2P,
i for tree ¥
compatible!
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S

o CP
Cantours give -2A(n L) = A" = 1, coresponding to 80.7% CL for 2 dof




sin 23’ (b — s penguins w/K%)

PRELIMINARY
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B* (b — s penguins)

if other diagrams contribute - direct CPV

New: LHCb direct CPV
in charged B decay:

Acp(BT — K*nTn7) = 40.034 + 0.009(stat) £ 0.004(syst) £ 0.007(.J /¢ KT)
Acp(BT — KTKTK ) = —0.046 4 0.009(stat) + 0.005(syst) & 0.007(J /& K™)

(2.8 and 3.70) /

calibration channel
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More measurements...
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¢ T-Violation




T Violation (Time Reversal)

e'e - Y(4S) > [B°B’ -B°B’|=[B,B. - B B,]
L=1: odd 1 < 2 wave function
entangled state
tag 1I=B° = 2=B°
tag 1=B, = 2=B
what are B,? two orthogonal states decaying to J/y K, (Ky)

i.e. to CP=+1 and —1 final states
—> use sin 23 analysis

example _
time t,: observe 1=B° - X /* > particle 2=8°
time t,>t,: observe 2=B_ — J/y K

- transition B° — B._
test CP: B —» B_

test T: B. — B



T Violation

use sin 23 analysis
A oc S sin AmAt + C* cos AmAt
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T Violation

A oc §* sin AmAt + C* cos AmAt

ST=8 =+sin2p
C'=C =~0
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T Violation

A oc §* sin AmAt + C* cos AmAt

ST=8 =+sin2p
C'=C =~0
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T Violation

A oc §* sin AmAt + C* cos AmAt

ST=8 =+sin2p
C'=C =~0
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T Violation Results

Parameter Result
AST = 5*;_‘1,{3 Sh k9 ==2sin 2B —1.37£0.14 & 0.06 Vi
AST =57 1o = S7 o =28in2B  LIT0.18+0.11 '
ACTF =C7 Ko~ Ch o KO 0.10+0.14£008
ACT = C'T?—,ral Shra 0.04 £ 0.14 + 0.08
ASE, = Sj_ﬁ,% — Sf o ==2sin 2B —1.30£0.11£0.07 CPVig
ASep = S, o = Spr o =28iN 2B 133012+ 0.06
ACE = Cf K9 — O ko 0 0.07 £ 0.09 £ 0.03
ACqp = Cp o = Ot o 0.08 £ 0.10 + 0.04
ASEr = Spr o~ Sk ko 0 0.16 £+ 0.21 + 0.09

A ASepr = S), Ko~ St ko —0.03£0.13+0.06 - ~pT Viol.
ACdr =C, Ko~ ch X0 0.14 £ 0.15 £ 0.07
ACqpr =CH o — O ko 0.03 £ 0.12 + 0.08

BABAR, arXiv:1207.5832
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¢ B Decays: a Penguin & New Physics




Y. Z -
b W s b1 s B°,B* isospin symmetry
W
q q q q

b Il
%“" “‘J”j S <
Ny ; ;
iad 5721 ) >WW(W[’” ZLZ Isospin breaking
[ 1, i
vz 2, _ VL< in SM small

+ New Physics?




B — K& [* [

BFs in ¢? bins:

dB'  NY(B— KWp+p=) B(B— JWK")B(J/w — ptp—)
d?  N(B— wahf*’ el A
normallsatlon
Theow -aned theory +Datd 20 Thenw -aned themv +Ddtd

o T T T T 3 g g - | ]
5 3 B’ —}K% " LHCb EREER B K’ tu, i LHCb -
< 4 3 2 16 3
“.[-.. — =, -
] ~ 14 3
X3 1 0 n 3
i | ! R ‘
‘= F 3 & 8 E
2 1 g= =2 6F -
SN E I * I 3
: E E
_1:. R R R R . 0 L. | N =
1] 3 10 15 q1} 25 0 5 10 15 71]
g* [GeV?/c*] g2 [GeV¥cH]

LHCb, arXiv:1205.3422



Isospin asymmetry

[(B°— K®0u+,—) — ['(B+ — K&+ tm)

:T(B‘?’ K0 Jum—) (Bt — KO+ ptu-)
Theory —G—D'nal |

15 20

q- [GeV*/ c?]

LHCb

20 25
q* [GeV?%/c*]

K*ll: A ~0

Kll

A, <0 (more B* than B’ decays!)
previous measurements

by BABAR, Belle, CDF

compatible but less sensitive

New Physics?



B Meson Decays and
CP (and T) Violation

Roland Waldi, Rostock University
XXXII Physics in Collision, Strbské Pleso 2012

¢ B Decays: a Tree & New Physics




B — D)ty vs. D™y Decays

semileptonic decay (tree!) /H <

b
B{ _
{‘i'

2 2 2
SR Lol (3 o o) 0 2 | 22
q Tm q q q

t sensitive to additional helicity amplitude #,

_}D()

1 fully reco’ed B,,, + D™, missing = 1 or 3 neutrinos

R(D) = F(lj — Dv) R(D") = F(Zi i D*W) :>differ only in #v
['(B —> D/v) I'(B > D /v)

{=eor u

T—>Llvv

BABAR, PRL 109, 101802 (2012)



B — D)ty vs, Dy

;‘ i 10<m2_ <120GeV?, D*¥
100 .
% ; yields from
B oo ML fit to 2D distr:
Py
1 15 2 5 2

g AB 10=m? _ <120GeV?, D** Mmiss = (Pr(4s) - PBtag - PD(*> - Pf)
g 0
E 0 projections

: < shown

%05 1 15 2
g N 10sm2,_ <120 GeV
g
:

2
%‘ 10=m,_<120Gev, | M D*Tv
s S Dtv
S BD#*lv  Freeyields
£ EDlv
BD**]yv |
—— --Bkg. Fixed yield

M2 ... (GeV?) p* (GeV)



B — D)ty vs. DGy

I'(B — D" rv)

*
I'(B—>D"'/lv)
F o7 FTIAT e 535M BB
i n i N __
Baba: 200 RIpVioUS Average  pubar 2us SM _previous average  gaont BH
EX? - X - 657M BB
0342 011 043 009 ——— 657M BB
1 - (471M BB)
s e N PP PR NP 5550 TR IR

03 04 05 06
R(D¥)

R(D) R(D*)

BABAR|0.440 £ 0.071] 0.332 + 0.029

SM_ 10.293 + 0.017]0.252 + 0.003

Diff: 2.00 2.70

J_III|IIII|I

3.40 from SM




B — D)ty vs. DGy

3.40 from SM l

New Physics: R
2 Higgs Doublets, type Il z

2HDM SM tan’ B q2
H, =H, [1— E——
m. 1+5,

fit to data

fit to data

tanf/my; (GeV™Y)

g 2 Higgs Doublets, type Il with u/c/t flavour-violation

IS possible [crivellin, Greub, Kokulu arXiv:1206:2634]
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¢ B Decays to Baryons




B Decays to Baryons

inclusive: (6.8+0.6)% (avg. B°,B*) [arcus, zp c56, 1 (1992)]
exclusive: many channels, but
sum only (0.53+0.06)% B°, (0.85+£0.15)% B*

features:
« 2-body BFs << 3-body < 4-body
» baryon-antibaryon-mass threshold enhancement



Threshold Enhancement
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Threshold Enhancement
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No Threshold Enhancement

l_rdﬁﬂi_—""""'I'"I"'I"'I"'I"'I""Iﬁ"'
_ ;; S0~ > Opm* pre mmaﬁ
= L M
A5 } &t
B
£ 20f 3
C \ i ]
10 \i\\%\\\ \M E
ﬂ:%\% \\ ‘\\\:\\\ T .
Y m an m ‘ﬂ}\ W\\\\%\\\\m\i \m
34 36

S
m(Xp) [GE". c]

g;;agr:l:rf: y j ) )
>— V;_L% . B —(qq9)(qq) > BB —B(MB)
s B (q9)@9)—>BB->(BMB

pole model: baryon pole
QCD: hard gluons (2-body)
or extra mesons




Summary & Conclusions

sorry for the subjective selection — there are just too many analyses
« CKM parameters: precision increasing, SM ok
- T violation observed in B%,5° quantum state transitions

New Physics: no smoking gun, but some “tensions”:
* isospin asymmetry in //-penguins (pointing to no specific direction)

« semileptonic decays to t (exotic charged Higgs?)

« Baryonic B decays: many data, threshold enhancement
qualitatively understood, no quantitative theory

Thank you!




Additional Info




Another Isospin Asymmetry

Branching fractions (old data, <2008):
B — ppK* (5.9+0.5)-10°6

B — ppK** (3.69+0.8)- 1076

B — ppK? (2.7£0.3)-10°6
B — ppK*0 (1.2£0.3)-10°

[(B*) B(B")-t(B’)-B(Y4S — B’B’)
I'(B’) B(B")-7(B*)-B(Y4S — B'B")

- ratios 1.91+0.27, 2.7+0.3




The Unitary CKM Matrix

Cabibbo,
Kobayashi,
Maskawa S
standard phase convention: Vi ) Vs Vple™
- |Vcd e {;i“l “/c:s e’ {iG “/.:b'
LD—-z.;‘-ﬁ L H/f .le 134 “/f b|
Wolfenstein-like: L
. 2 A AN3(p —in)
—\A—A2)\5(p +in — %,,j _%_ (%-F%)/\'i 4)\2
AN = (p+in) (L =2 —ANZ — AN (p+in—1) 1142\
two (of 6) unitarity triangles:
- = 09 - 3
T ”h 7 JAN & p + i VeV JAN & 31 —p—1in -
ViaVi/ AN &~ 1) ViaV tb/fl)‘ ~1—p—ay
V'= &3 B'= <‘1>I1
V. Vo AN ~ =1 ViV /AN ~ — Bs = 05




CPV Phenomenology

asymmetry

N(B = f)— N(B — _ |
a(T) = = (_ /) . ( /) = C'cosaxT + SsinxT
N(B = [)+N(B = f)|,
where
T = AmAt
O IT‘I? —1
7|2 + 1
g _ 2Zmr
T 14 r)?
. IHIB) (B|By)

<f|”H|B{I}> <B{I}|BL>

e]/(/J Kyg e ezfz,;j? Sr — din 2;8, (v — 0




CP-Asymmetry Example: B,

N(B, — X) — N(B, — X) ~ CcosaT + SsinxT

a(T) = ——= — = : iof - T T T T T
N(Bs — X)+ N(B; — X) - coshyT + (?sinhyT |
i |
where 05T H |

T = Amt or a7 = AmAt 0.0

yl' = A—)Jf or Yyl = %At 052 VVVVV
DMPo ., 02 I
2Reny _ |7 I /T D2 D2

oIyl P+ ~wof gt
2Im 2Imr ) 0 5 10 4 15
S = — ”{) = f2 = Dpsinargr T
] + ‘}]f“_ 1 + "’.l 100 . T T
1|2 2Rer ot |
2= - | ?f“) = - {2 = Dpcosargr O
L+ |ng|? 1+ |r| 102k
hysics dilution  Dp = —21"] ok
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sin 2B’ (b — s penguins)

= -A _ Aoc S, sin AmAt —C . cos AmAt
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Raw CP Asymmetry
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R(D) and R(D*) Measurement

significance
Mode Niig Nuorm R(D™)) B(B — D™ru) (%) Xgatlo) Ziot(o)
D=7, 314 + 60 1995 + 55 0.429 £+ 0.082 £ 0.052 0.96 &+ 0.18 4+ 0.13 5.5 4.7
D**r~%, 639 + 62 8766 + 104  0.322 + 0.032 + 0.021 1.83 + 0.18 + 0.13 11.3 9.6
DYr 7, 177 £ 31 986 + 35 0.469 £+ 0.084 £ 0.052 1.02 £ 0.18 £ 0.13 6.1 5.3
D*tr—o,. 2454 27 3186 4+ 61 0.355 4+ 0.039 + 0.020 1.78 + 0.19 + 0.11 11.6 10.5
Do, 489 + 63 2081 4+ 65 0.440 4+ 0.058 + 0.042 0.98 + 0.13 + 0.11 8.4 (6_8)
D*t=7, 888 + 63 11953 4+ 122  0.332 £ 0.024 4+ 0.017 1.88 £ 0.13 £ 0.12 16.4 13.4

Last two rows: Isospin constrained fit



B — D)ty vs, Dy

R(D):F(lz—> Drv) R(D") = r(§—> D:rv)
I'(B —> Dlv) I'(B—> D /lv)
{=eor u
DYy DT rv Drv
Niig 314 + 60 177 £ 31 480 + 63
Significance (o) 5.5 6.1 8.4
0.429 £0.082  0.469 £ 0.084 | 0.440 £ 0.058

R(D)

B(B— D7) (%) | 0.9640.18 1.02+0.18 0.98+0.13
D1y D*try D*tv
Nsig 639 £ 62 245 + 27 888 £ 63
Significance () 11.3 11.6 16.4
R(D*) 0.3224+0.032  0.355+0.039 | 0.33240.024
B(B— D7) (%) | 1.83£0.18 1.78 £0.19 1.88+0.13




B Decays to Baryons
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