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® Symmetries of angular distribution



Kinematics

e Assuming the K* to be on the mass shell, the decay B? — K*%(— K—xt)¢ti-
described by the lepton-pair invariant mass, s, and the three angles 6;, 8., ¢.

After summing over the spins of the final particles:

diT 0
= ——J(q% 6,,0x, )

dg?2dcosO;dcosOp dp 327

J(q%, 61,0k, 0) =
= Jygsin? O + Ji.cos? O + (Jagsin’ O + Jo. cos? O ) cos 20; + J3 sin? O sin? 8; cos 2¢
+ Jy sin 20 sin 26 cos ¢ + J5 sin 20k sin 0] cos ¢ 4+ ( Jgs sin? O + Jg. cos? A5 ) cos B
+.J5 sin 20 sin 6; sin ¢ + Jg sin 205 sin 26; sin ¢ + Jq sin? O sin? @; sin 2¢

However: Subleties in measuring the 12 coefficients J,



However: Subleties in measuring the 12 coefficients J,

e Angular distribution functions: depend on the 6 complex K* spin amplitudes

Ji = Ji( Air/r, A|L/Rs AoL/R) A =(Hy1 FH1)/V2, Ay=Hyp

¢ By inspection one finds: J1s = 3J9g, J1e = —Jop

Moreover, Jg. =0 TOr Mjepton, = O

12 theoretical independent amplitudes A,

7

< 9 independent coefficient functions J,



Symmetries of J; = Ji( Air/r, A|L/R, AoL/R)

Angular distribution spin averaged !

e Global phase transformation of the L amplitudes
Al =€ A g, Ay =e P A, Agp =eF Agg
¢ Global phase transformations of the R amplitudes

’ ; ’ : # ;
AJ_R = -EEIH:IHAJ_R, A"R = EWRA”R, ADR = EMJ:'RADR

¢ Continuous L-H rotation

’

A, = HcostA,p +sinbAY 4
A p = —sinfAY; +cosbA| R
Ay, = +cosfAgp —sinfAL .
A;]R = +sinfAy; + cosfApr
Ay, = +cosfA) —sinfAT

r

A”R = —I—Sinﬁ'ﬂﬁL—l—cﬂsEA”R.
Only 9 amplitudes A; are independent in respect to the angular distribution

Observables as F'(I;) are also invariant under the 3 symmetries |



Additional symmetry

Observation -correlations in the Monte-Carlo fit between different A;-

guided us to fourth symmetry:

¢ 4L AR*
- T s s ny = (Ay, Ay )
, cosf —sind cosh i@ — sinh i@ . -
mn, = . . - o~ |y — o
‘ sinf cos@ —sinhi® coshif v na aAL:' AL )
- - - ; ¢ 4L AR*
n3 = (Ag, Ay )

where 8 and @ can be varied Imdependently.

T here is an additional non-trivial relationship between the angular
distributions J;

(2J1 + 3J3) (497 + J2) + (2715 — 3J3) (J2 + 4J2)

J1s = 32, Jie = —Ja, Ji. =06
: ’ : 16752 — 0 (42 + J32 + 4J2)

Jos(Jads + JrJs) + Jo(JsJ7 — 4J4J5)

— 36
16J2, — 0 (4J2 + J2, 4 4J2)



Number of symmetries depend on assumptions:

Case Coefficients Dependencies Amplitudes Symmetries
meg =10, Ag =0 11 3 6 4
me =0 11 2 7 5
my >0, Ag =0 11 1 7 4
my >0 12 0 3 4

Not all observables are independent :

5@ _ ( J@ 4 J—i(a,)) / d(I +T) A@ _ ( J@ _ ’]—73(a)) / d(l +T)

dq? dq?

Full angular fit has to be done with an independent
set of K™ spin amplitudes or

equivalently with an independent set of observables
(see Matias et al. 2012)



Additional problem in full angular fit
Binned analysis: < O3 >2 < O» > 02 unequal < 0105 > 02

— problem occured already in latest B — K*¢¢ analysis of LHCb
(A%, Fr, versus S3)

— cannot be circumvented in full angular fit

Solutions:

— Use polynomials in g2 to fit the g2 dependence of the fit variables
Egede et al. 2008

* More fit parameters (more statistics needed)
* Complicated fourth symmetry ‘incompatible’ with polynomial
of second order Egede et al. 2010

* However, if fourth symmetry is ignored, polynomials fix the
corresponding ambiguity automatically!

— Sufficiently small g2 bins (again more statistics needed)

— Direct fit of independent set of observables
WOrk in progress



® CP violating observables



CP violating observables

e Angular distributions allow for the measurement of 7 CP asymmetries
(Kriiger,Seghal,Sinha? 2000,2005)

¢ NLO (as) corrections included: scale uncertainties reduced
(however, some CP asymmetries start at NLO only)
(Bobeth,Hiller,Plranishvill 2008)

e New CP-violating phases In C‘m,C';D, Cg, and C"g are by now NOT very

much constrained and enhance the CP-violating observables drastically
(Bobeth,Hiller,Piranishvill 2008; Buras et al. 2008)

e New physics reach of CP-violating observables of the angular distribu-
tions depends on the theoretical and experimental uncertainties:

— soft /QCD formfactors
— other Iinput parameters

— scale dependences
— A/my, corrections
A=A (14 Cre") + P Ay (1 + Coe™?)

— experimental sensitivity in the full angular fit



Appropriate normalization eliminates the uncertainty due to form factors

Example

IE}S o fﬁ&
d( +)/dg?

6 IE}S o fﬁs
5

bs
AVES J25 4+ J2s

omoWmE -~ 7 rrr r T T
~0.0005}

~0.0010}

Ag s

~0.0015}

~0.0020}

g°(GeV’) g (GeV’)

Red bands: conservative estimate of uncertainty due to formfactors only

Relative error drops dramatically



Possible new physics effects versus experimental uncertainties

S I I LHCb toy MC 10 o
o : sol assuming the SM
22 g SM S— :
_3 ___ R Car ]
By
Q 2 3 43 5

q° (GeV”| q° (GeV)
|Co,Np| = 2,Pg = 7/8;|C10,NP| = 1.5,P19 = 7/8;|Cig| = 2,P1or = 7/8

Mew physics not outside the experimental 20 range.
C; = C",.'SM — |(_7"Z!‘\|p| exp(igp;), (: c Ic l])(l() )

* 0SM real  * in reasonable models |CNP| much smaller than ¢'SM



Have we chosen the wrong observables 7 [ ast LHCb-Theory workshop

Ag suppressed by small strong phase

B Altmannshofer,Paradisi,Straub, 2011
A¥ normalized by tiny quantity Jg + Jg



Have we chosen the wrong observables 7 [ ast LHCb-Theory workshop

Ag suppressed by small strong phase

B Altmannshofer,Paradisi,Straub, 2011
A¥ normalized by tiny quantity Jg + Jg

AY and A¥ are chosen in an exemplory mode in Egede et al 2010.

Our main conclusions on the sensitivity to NP phases
in Cy, Cg, Cr0,Cp are based on all observables!



Have we chosen the wrong observables 7 [ ast LHCb-Theory workshop

Ag suppressed by small strong phase

B Altmannshofer,Paradisi,Straub, 2011
A¥ normalized by tiny quantity Jg + Jg

AY and A are chosen in an exemplory mode in Egede et al 2010.

Our main conclusions on the sensitivity to NP phases
in Cg,Cg, C10,C%, are based on all observables!

1. Poor experimental sensitivity not due normalization!
(conservation of information in full angular fit)

We use the standard normalization in the following to

demonstrate this. 4@ _ (j.(a) B j@) /d(F + f)
2 2 2 dq2




2. Favored observables (up to normalization)

e A7 g9 are T-odd asymmetries
(T reverses all particle momenta and spins)

*terms proportional cos(fstrong) XSin(dweak)

*Iin contrast, T-even asymmetries: terms sin(@strong) x COS(Pweak)

o Ag, Ag are suppressed by as |

e As g9 Can be extracted from dI" + dlr

*not really relevant for the self-tagging mode B; — K*O(— Ktz )¢t~

*but useful for handling systematical errors

T
dq? dcostydcosOy do 32w

J(q*.0,.0K. 0)

J12347 — J12347. J5689 — —J56809



A7

C; = C,'iSM — |C.'ZNP| exp(ig;),

] o . !
C, = (& 2-,| e;ltp('zq),z-)

* in reasonable models |CNP]
much smaller than ¢'SM

experimental uncertainties
0.15F

LHCb toy MC 10 fb’

0.10F

0.05F

< 0.00F B
-0.05}

-0.10}

-0.151%




A8 0.10}

exp(id;),

~ — ~SM ~NP
Ci=CfM+(C,

o W, !
C. = |C;| exp(ig;)

& —0.05]
_0.10}
0.15]

~0.20}

experimental uncertainties
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0.00!

010~ T T T
LHCb toy MC 10 fb’

0.05
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AO Q20T T T T
C; = CPM + |CNP| exp(igy), 0.15}
o » ¥ !
C; = |C}| exp(ig;) 0.10L
0.05
0.00}

l SM
1 2 3 4 5 6

experimental uncertainties

0.06F

LHCb toy MC 10 fb’

0.04 * LHCb measurement will be

better than MC!

0.02

< 000]

~0.02}

~0.04}

~0.06}




First nontrivial sensitivity to CP phases most
probably in CP conserving observables

#* *
|AﬁAf + A¥ Aﬁ*

Our conclusion:

A = A5) V1657 =987 — 363 + J3)
[AF[* + |AR]" 4 AL + [AR] T Tme=o 8
| - 1-:15;-
ﬂ-4:
ﬂ..‘i‘;—
0.2}
{11%—
B S R
¢* (GeV) (a) (C¥®, Cyp) = (0.26e~T5, 0.2¢'")
NP in Cjy = 3e'F and CYF = 2e'® (b) (D*Ufei%a.ﬂ*gﬁiﬂ?ﬂ)
AP (d) (0.18¢~7%, 0)

Very different behaviour for different NP contributions



Further examples

2 2
4@ _ AL — 4
T AJ_ 2 + A” 2
4B _ [ Aoz AL + AopA|R
: VIAPIALP

4)  [Aor A% — AgrALR|

1.0~

Afl

—0.5}

~ 1.0t

0.5}

0.0k




1.0 —

experimental uncertainties

LHCb toy MC 10 fb




A%Q) versus App

ol '
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0.10 ==
0.05}

0.00} (CYP, C.) = (0.26e 16, 0.2¢'T)
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Extra



e NLO corrections included

e A/m; corrections estimated for each amplitude as £10% and £5%

this uncertainty fully dominant

¢ Input parameters:

mp 5.27950 4 0.00033 GeV | A 0.2262 + 0.0014
M 0.896 + 0.040 GeV A 0.815 £+ 0.013
My 80.403 £ 0.029 GeV p 0.235 + 0.031
M 91.1876 + 0.0021 GeV | 1] 0.349 £ 0.020

rive (e ) 172.5 £ 2.7 GeV Agdn 220 + 40 MeV
mypps(2GeV) 4.6+ 0.1 GeV ag(Mz) 0.1176 & 0.0002
M 1.4+ 0.2 GeV Qemn 1/137.035999679
fB 200 + 30 MeV ai(K*) 0.20 £ 0.05

fr+ 1 (1GeV) 185410 MeV azs(K*) 0.06 & 0.06
fﬂr*‘” 218 +£ 4 MeV ﬂg(ﬂr*]” 0.04 4 0.04

Excx (0) 0.16 + 0.03 Ap 4 (1.5GeV) 0.485 £ 0.115GeV
Ercx 1 (0)T 0.26 £ 0.02

£xc+.1(0) has been determined from experimental data.




More on Kinematics:

z axis: Direction of anti-K™ in
rest frame of anti-B

8, : Angle between - and z
axis in pu rest frame

B, : Angle between K- and z
axis in anti-K* rest frame

¢ :Angle between the anti-
K* and uu decay planes

_ _o® _
0, — Pr- + Pr+ o= Py Pp+ ex = PE—- % Pyt
|Pﬁ'— + p:rr+| |P_u— X l:'p:+| |PH— x Pir+|

_ . p .
qj_l z :. E-DSEH _ I'ﬁ" Eg
v g |

y  sing = (e xeg)-e,, coSg=eg - e



Benchmarks as introduced by Buras et al. 2008

Model
SM FBMSSM GMSSM LHT UED

m —0.306  0.031 +0.475i —0.186 +0.002i —0.308 —0.001i —0.297
Cef (1) —0.159 —0.085 +0.149i —0.062 +0.004i —0.159 —0.137
ACET () 4220  4.257 4.231 4.205 +0.006i  4.230
Cef () —4.093 —4.063 —4.241 —4.566 —0.040i —4.212
Cef (1) —0.007  0.008 +0.003i 0.155 4+0.160i —0.007 —0.007
Cef () —0.004 —0.000 +0.001i  0.330 +0.336i —0.004 —0.003
Cof (1) 0.002 0.018 +0.018i
Cef () 0.004 0.003 +0.003i
(Cs — C%) (1) —0.044 —0.056i  0.000 +0.0017
(Cp — Cp) (1) 0.043 +0.054i  0.001 +0.0014

NP Wilson coefficients at g = my ps(2 GeV/e?) = 4.52 GeV/c?.
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New physics phases not very much constrained (Eobeth Hiller,Piranishvill 2008)

{40}
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(Bobeth,Hiller,Piranishvill 2008)

generic NP CHY only C AP only CNY only
(Acp) —0.12,0.10]  [3,8] - 107 SM-like [—0.02,0.02]
(As3) —0.08, 0.08] SM-like SM-like SM-like
(AD) —0.04,0.04] [-4,-1]-107% [-3,-1]-10"3 [-0.01,0.01]
(AD) —0.07,0.07]  [-0.04,0.04 [-0.02,0.04]  [5,9]-1077
(Ag) —0.13,0.11]  [-0.05,0.05] [-9,-3]-1073  SM-like
(AD) —0.76,0.76]  [-0.48,0.48 —0.38,0.38] SM-like
(AD) —0.48,0.48]  [2,7] - 1073 —0.28,0.28]  [-0.17,0.17]
<A9> —0.62, 0.60] SM-like —0.20, 0.20] SM-like
B(Bs — <14-100% <6.3-107° <1.3-1078 SM

The ranges of the integrated CP asymmetries (AgD)) for (g2, q2ax) = (1,6) GeV?

applying the experimental constraints at 90% C.L.




e [ransversity amplitude A}
Defining the helicity distributions M+ as Iy = |HY, |2 + |HE|?
one can define (Melikhov,Nikitin,Simula 1998)

A _ —2Re(A4A%)

AL+ 42

m_IT- -1y

‘4T - I'_ —I—F_|_

Very sensitive to right-handed currents (Lunghi,Matias 2006)

Big surprise:
Agﬁl} is not invariant under the symmetries of the angular distribution

— AY cannot be extracted from the full angular distribution
— LHCDb: practically not possible to measure the helicity of the final states
on a event-by-event basis (neither as statistical distribution)

— Not a principal problem, but Ar(rl] not an observable at LHCDb or at Super B

(measure three-momentum and charge)



