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Spectacular performance at B factories
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Confirmation of KM theory. Look for deviations radtiernatives.
Any deviation from KM not breakdown of KM but Nefysics.
Fortunate, since NP must be small.

Large data sets herald start of a new era
— B physics becomes precision physics.
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CKM matrix hashierarchical structure
Wolfenstein Parameterization
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How sensitive are we & order terms? Don't give up. New Physics
(NP) can be at this order or smaller.

Fortunately we already see hints of NP, probablthat order.

» The value of sing measured using various modes differs.

»Ratios of branching fractions of -BK77 modes inconsistent with
SM expectation: K puzzle.

»An unexpectedly large transverse polarization amgé in B- ¢
K* has also been observed.
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Unfortunately, curse of QCDWeak decays are masked by non-
perturbative QCD effectDifficult to estimate.These effects do not
allow simple signal of NP.

One wonders whether these hints are mere hadro@/@ffects or
signals of NP.Dilemma in Bphysics today because convincing
arguments lacking.

Correct questions:

“* Under what conditions can these discrepancies ganged as an
unambiguous signal of NP?

*» Are there any clean signals of NP, Il.e. signalse fref
QCD/hadronic effects.

We examine these questions within a model indepéageroach.
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[ Discrepancy inv measured sin2@; |
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New Physics 777... S

Compare with CKM fitter value sin2¢1 = 0.74279 572
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The most general amplitude for-bs transition modes
within SM may be written as

AP = Aye gy, + .Aceifcvc + Aretu

Amplitudes{quark level strong phases v; = ;,;Vjs
contributions |

Unitarity of CKM = Vu 1 Ve vt = 0 ve 1s real upto O(X°)
v = AN (p+1in)  vi=—ANX +A(5 — p—in)A*+ O\°)

v = 3 &~ 60° Be = ¢y = 1.045°T0 05, CKM Fitter
The same amplitudes may be written as
AbTE = (.ACGMC — .Atei(st)vc + (.Auei(s’“ — .Ateiat)?)u Ut = —Vu — VUc

A7 = [a + b e €] d =luelal = Jue| [Acei — Are™|,

© overall strong phase— 0 b = |vu b = | V] ‘Auewu — At@iét‘ ;
§ is the strong phase difference betweéimnd b’
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Or using v, = — V¢ — Ve

Ab—)s _ (Acezﬁc o Auewu)vc_'_ (Atez'&g - Auewu)vt

Ab—s _ 10" [a” Ly it ei(bﬂ a’ = |ve| a" =|ve| |Ace®c — Aue®|
0" — 0 b = |ve| b = [ve| [ Aue® — Ay

5" is the strong phase difference betwefand b”

Amplitude for decay oB) — f; A; = a; - bjet%iet?
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Since the measuresin?g differs between two modes, we must
relate this difference with the weak phase

sin(2¢Y) = 24, ,m — 20} 2-fold ambiguity
4 fold ambiqguity in the difference between the @almeasured using
two different modes. £(2¢% — 2¢}), & F (20} + 2¢7%)
sWorry only about the principal values.

+Derive a relation or bound between the deviatiortha principal
values anan

+We can therconclude thasin2¢g' for the two modes must be such
that theirprincipal values obey the relation or bound.

Define B
n; =arg A; —arg A;  AFA; = | Al Aile™™™ = n =20% — 261

=(2¢1 —261) =m—12  Definew > 0= 26V > 24P
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4 observablesB;,C;, S;, ¢ 4 variables;, b, 0;, P1

A; = a; + bie™et? N A; — A; = 2bisin ¢
Easy to derive 2 _ i s (1 _ \/1 _ C2 cos(n; — 2@)
Relation B;
between;, b? - 25in? ¢ (1 - \/1 ~ C7 COS(%‘))
Oo.

C; sing
cos ¢ — /1 — C?cos(n; — )
Same A; and A; using different a;i,bs,mi, 6;
" _p  Vcanlie along bisector o8P

Essential to express all quantities In
terms of irreducible variables

Geometric approach superior over algebraijc

i
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Easily generalize t@ < 0 and/or —7 < d; <0
¢ and n; have same sign as long as || < |05]
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A QSO & A VPO g A QPO & A VSO
| \%

Q 4,

sin¢;  sin(d; + @) )
- ‘ | A;| sin¢; — | Aj| sin¢; = 2a; sing cos J;

@i | A d

o _ 5. sin(; | A _
S1n Cz _ Sln((s?;_— ¢) < 9 = sim Cz < ‘Az‘ <1l = CZ < CZ
a; | Ayl 0<n; <290
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Reasonable to assume thdtdominates inh — ccs => m~ 0
2w=m—n2~ —n2 <0 since 0:<2¢ Contradiction

Only way to resolve the contradiction is to asstinae|d;| > | 5]
We need to determine whe#y| > |6¢| and when |§;| < |45

before drawing any conclusions.
(,0) A (17, 0)

(=0  _ —

($27 ZJQ) A, (3317 yl) (932, 3/2) Af <—l”» '3>
(a,,) . | (b)
(z1,y1), (x2,y2), 1" /1" can be solved in terms of., Ac,ai,bi,d;
a? b7, tand; evaluated in terms ofji, ¢ and observables

A, A = 6. — 5, expressed in terms &, A., n;
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A, Ac, Ar CKM parameterization independent.
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Set C=0 consistent with data
Finite G implies large ab
and\tan 57;‘ =>|arger Aq
Normalization:

Ao =A:=0=> A, =1
Clear hierarchy in values of

A4 which depends only an
| Au? (| Au[?), | Af|? ~ 10 — 25

times observed branching ratio

If 2cw=5° In future, 10 times
observed branching ratios.




Parametrization ¢ = ¢4

sin 2¢1 ( ccs) } 2w = (13.63 £ 5.41)°

sin 2¢1(b — sqq) = 0.50 = 0.06

0 <20 772 bound 71 bound ¢1 bound Constraints
o) <oV < g |1 m<m<0<20 | M < 2w <0 20{") < 2¢ n2 < —13.63°
07 < <ol [ M) [m<0<m<2 | m<20—20]| 0<m <20 20{" — 2¢ < 2, o < —11.54°

IUb) [ <0<20<n | 20—2w<m | 20 < < 2w | 2007 < 20, <26 —2¢ | —11.54° < 15;2.09° < 1y, < 13.63°
300 < 2 < 41.54°

pr<oP <oV [ II(a) [0<m<20<m | 0<m <20 2w <m | 208 — 20 <26y < 20 13.63° <y
27.91° < 261 < 30°

II(b) [ 0< 26 <1 <1 26 < m 2w+ 2¢ < m 21 < 2% — 26 15.72° < my; 2¢1 < 27.91°

Note that whem,<0 or 77,>2 gone must havey;| > |§¢|

In none of the cases it is possible to have< |§5| for both modes

Unless 0<2<2 @one cannot have 0%<7,<2¢ hence we do not
consider this specific case.

The values close to 10 are possible only by lowe2m away from
205 beyond acceptable values, clos&tw,
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« 2 . 2 i
Wo—p —p= o Py _ |vu]? _ sin 5, NP indeed tested
sin® ¢3 | ve|2 sin® (3

To conclude, without making any hadronic model Dase
assumptions we have shown that within the SM, It |
impossible to explain the observed discrepancth— BY
mixing phase measured using thes ccs  dnéy sqq

modes. The only possiblility to forgo this conclasis to
accept that the observed branching ratios resutnfr
considerable fine tuned cancellations of signifibafarger
guark level amplitudesrhis scenario of observed decay
rates resulting from finduned cancellations of large quark
level amplitudes" would be very difficult to aceooudate,
given the successful understandin@gtiecay rates.
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[ CanB- VV help discover NP? J

While number of parameters still exceeds numbebsérvables,
«*Additional signals of NP.

*+ Possible to bound the size of NP.
“*Constrain its effect on measurement of the mixirapp

In the presence of NP, decay amplitude for eagdheohelicity states:
Ax=Amp(B — ViVa)a = axeé®> + b, giPe o :
Ax=Amp(B = VilVe)x = are®> + by e~ i ¢t9%

The time dependent decay 6bB/V must have a more complicated

form and may be written as

I'(B%t) = f)=e 1! Z (AM + Y aocos(AMt) — pro sin(A]Wt))j}\a

A<=0
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B— VV decays provide large number of observahfigl 18

Axx = |Ax|% + | Ax|? o o
2 /Au = —Im(ALA] — AL A}) Ao =Re( A) Ay + A 4p) \

Saa =|Ax[? — | Ax|?

, Y1 = —Im(A LAY + A) AY) Sjo =Re( A A5 — A Ag)

Pii — Im(qA;ka) q _ _ q _ _
p pLi= Re( (AL Ai + A;*ALD pllo = —Im([AﬁAo + AESAM)
q 0 7 p .
pLl = —Im(ij_AJ_) \ /
3x3=9 3x2=6 3x1=3 ¢4 = {0, ||}

N, terms and2,  terms can be obtained without time dependen
study. InfactA, terms can be obtained without even flavor tagging.

We have 13 theoretical parameters

3ax 's+3bx s+ P14+ @ + 30 "s(0h = 0% — 6%) +2A; 's(A; =64 — 69
No. of independent observables: 11, 8x, A magnitudes an
relative phasesCannot obtain parameters purely Iin terms of
observablesimpossible to extragp or ¢cleanly.
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Observables in terms of parameters

Axx = a3 + b3 + 2axbxcos Iy cos ¢
Yax = —2axbasindysing ,
pii = a:sin2d1 + 2asb; cos J; sin (201 + ¢) + b? sin(2¢p1 + 2¢) ,
pL. = —a’sin2¢; —2a,b, cosd sin(2¢, + ¢) — b2 sin(2p; + 29) ,

D Vanishing signals of N?D

Aii = 2]a1bicos(A; — ;) — aiby cos(A; +91)] sing

Ajo = 2 [ajaocos(Do— Ay) 4+ ajbocos(Ao — Aj — o) cos ¢ + aoby cos(Ao — Ay + &) cos ¢
+bjbo cos(Ao — A+ 6§ — 50)} :

Y1i = 2—2[ara;sinA; + a1 b;sin(A; — ;) cos ¢+ a;iby sin(A; + 1) cos ¢
+b1 b sin(A; + 01 — )]

Yo = 2 |aybosin(Ag — Ay —dp) — agby sin(dy — Ay + )] sing,

p1i = 2la;a; cos A;cos2¢y + a b cos(A; —§;)cos (201 + @) + a;b) cos(A; + 6 1) cos(2¢; + ¢)
+b;b 1 cos(A;+ 91 — d;) cos(2¢; + 2¢)]

plo = 2 |agaycos(Ag— Ay)sin2¢; + ajbycos(Ag — A — dp)sin(2p; + ¢)
+agbcos(Ag — Ay +9)) sin(2¢; +¢) +bobj cos(Dg — A + ) — dp)sin(2¢; + 2¢)] .
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In theabsence of NFo, = 0, ¢=0.
No. ofparameters: reduced, 136 3 ad's, 2 strongd, andp.
No. ofindependent observables: gAAS, 1pax, 2% )

All parameters can be determined cleanly in teringbservables.

18 observables vanish& 6 independent$ additional relations

2 2 2
/ PLi AN e

DA\ = EIIO =AN1; =0 AN | | Ay — Eiz‘ : AQLL
pii. _  pLL _ Plo Ao ] [Ai/\pJ—OpJ—H + S 1% (A3 - pix)]
Ai; Al Ao 107 2A1,1 A5y — P

any of
Violation ofy these 12 relationsmoking gun signals of New Physik_sl
!
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*Observable/, . deserves special attention.
Evenif 6" = 0,A1; #0  in corgtdo direct asymmetry.

/1. does not require flavor tagging, nor time depend@enc
| 1 terms are CP-odd=-/1, . survives in an untagged sample.

* /1, ; has been measured.
Is it possible that all NP signals vanjstven if NP Is present?

Yes! If the singular situation:

1. All the strong phase differencess vanish
2. ratio r, =b ,/a, Is same for all helicitigs

Then all 12 relations are satisfied.
For this very special conditions, angular analysis of B — V1 Vs
leads to no signal for NP evenif present, measured value of

1 # B°—B mizing phase.
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| Conclusions J

% The discrepancy in the measured values of ¢ggin2
can be a clean signal of NP. How the signhals stay
and we discover NP.

* The Kmpuzzle can be resolved using i&Kmodes

An anomaly In the size of the observed topological
amplitudes (or derived asymmetries) Is the only
sign of NP.

“* NP If it exists will provide clean signals in-B/V
modes. There are 12 smoking gun signals which are
unlikely to fail us.
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