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" The Complete B — K*(— Kn){*/~ and its Symmetries

Abstract:

The angular distribution of this 4-body decay provides a wealth/of angular. observables that
can be studied to unravel the short distance dynamics of BSM physics. Many observables
have been studied, some better than others.

We show that:

There is a MINIMAL basis of OBSERVABLES, that encode ALL the INFORMATION present
in the angular distribution in the MOST EFFICIENT WAY.

This basis is EXHAUSTIVE: All known and unknown observables.can be written as a
function of this basis. The theoretically clean observable sector is singled out.
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" The Complete B —K*(— Kr)(T/~ and its Symmetries

+ Qverview

- Kinematics & Angular Distribution
- Experiment: Past, Present, Future

- Theory: Heff, Matrix Elements & Form Factors, Spin Amplitudes

+ Angular Observables
- Properties of good observables
- Symmetries of the Angular Distribution
- Construction of an OPTIMAL BASIS OF (angular) OBSERVABLES
- Sensitivity study of the Primary Observables

+ Summary & Outlook: Massive case & Scalars
+ EXTRA: MODEL INDEPENDENT CONSTRAINTS ©N NP
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OUR FRIEND,THE B — K*(— Kr){*{~ DECAY

K

# Itisa b — s penguin process.
# LARGE number of angular observables available experimentally.

# Leptons can be electrons, muons or taus. Each has its own pheno.

# Also: CPViolation, Isospin asymmetry,... lepton polarizations (future?)
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# LARGE number of angular observables available experimentally.

# Leptons can be electrons, muons or taus. Each has its own pheno.

# Also: CPViolation, Isospin asymmetry,... lepton polarizations (future?)

[ This talk > Angular Observables j




KINEMATICS

The kinematics of the 4 body decay B — K*(— K )ﬁf_ is descibed
by 4 kinematic variables: qz, 0y, O and @

The variables are constrained in: o (<00 <1 o 0<0<27

o dml<<(Mg-Mg)? | ¢#<7GeV? — Large Recoil
14GeV* < ¢* <20GeV? —> Low Recoil
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ANGULAR DISTRIBUTION

The angular distribution of the differential decay rate is
d'T 9
dq? dcos Ok dcos§;do 327

Jissin® 0k + Jy. cos® O + (Jos sin®fx + Jo,. cos’ Ok ) cos 20,
+.J5 sin” O sin” 6, cos 20 + J, sin 20 sin 26; cos ¢ + Js sin 20 sin 6 cos ¢
+(Jos sin 0y + J,. cos? Ok ) cos B + J;sin 20 sin 0 sin ¢ + Jg sin 20 sin 26; sin ¢

) . 2
-I—Jg S111 QK S111 (9[ S111 2¢ [Kruger et.al. 2000]

# The coefficients J;(q”) are functions of the {70 invariant mass squared q°
# The ['s contain all the information available from the angular distribution.

# Partial information can also be obtain (better statistics). Examples:

+ q2 integrated results.

0 1 2
| | | ) )i
+ partial angular integration: =T deos )
ol (

dibdeosh  3J+6Jy, - Jyo = 2y

-1




EXPERIMENT

(B—K*'u p™)

# Up to now, some qQ- dependent observables have been measured

(from uni-angular distributions)
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EXPERIMENT (B — K*utp™)

# Up to now, some q2- dependent observables have been measured
(from uni-angular distributions)

# Future: Full angular analysis with small q2 binning




THEORY

The effective Hamiltonian describing the b — s/™/~ transition

Hot = = = ViV, Z[c.(u)o ) + Cl(1) O ()],

C;(,)(M) are Wilson coefficients and Oi( )(,u) are local operators.

We concentrate on Electromagnetic dipole- semileptonic operators:

2
e e -
(57uPLB)(I7*1),

— 1671'22 mb(EU”UPRb)F“V’ Og — 167T2

e B -
O10 = 1¢ 5 (31 PLb) (I 7s),

where P, g = (1 F75)/2 and primed counterpart operators

e e?

—_— S Hv / p—
1671'2 mb(SO',wPLb)F ) Og 1671'2

2
e _ -
10 = 1672 (37u Prb)(Iv*s1),

Oz

(5. PrB)(IN*1),




THEORY

Matrix Elements and Form Factors

) B 2V(¢®)
) 87 — ¥ - W po “Pk”
(K" (k)11 = w6bIB()) = oot W'k 7 "

Az(¢°)

mpg + T

*Z(p + k’)u(e. ' Q)

+iq,(e" - q) ;

(K*(k)|30,,0" (1 +7:)b|B(p)) = 2ieu0e™ 0’k Ti(q")
+ [eh(mp —m%.) — (€7 - q) (2p — ¢)u] Ta(®)

As: m, — o0 and Egk- — oo (Heavy Quark limit + Large recoil)

[ FF/S — fH (q2)7 gJ_ (q2)] [Charles et.al. 1999]

+ Pertubative corrections in SCET [Beneke,Feldmann + Bauer et.al.2001]




THEORY

Spin Amplitudes: (Heavy Quark limit + Large recoil)

2A € €
=20 4 oy ¢ (B

AR = aNmp(1 = 3 [(CFV + 0 £ (01 + o1ty 4 8

el {1 (Ex)

AP = —VaNmp(1-3) | (05" - Cg) F (01" - o™ + §

NmB 1_§>2 - eff eff eff eff
I - o) 5 el - o)+
T | * I S

2my,

LR
Ay =

§1(Ex+)

+ massive terms:

NmB(l — §>2 - /(eff) -
A = 2(C C — F
t me*\/§ _ ( 10 10 §H< K )

+ scalar operators:

NPT _ $=q°/mp
m 1_§ A.: )
Ag =- p(1 %) * m; = m;/mp

T?’LK*\/E i | N = Normalization




THEORY

The coefficients .J; can be written in terms of the Spin Amplitudes:

2
Jis = (2 Z’Bf) [lAL_le =" |A|L|2 -+ |A_IE|2 -+ |Aﬁ2 '2] 4;':2 Re (ALAR + ALAR“)

. . 4m? . . .
= |A§|* + |AF|* + q—zf [|Ae|* + 2Re(AFAF)] + 87 |As|?,

Jos = [IAL|2+|A 2+ [ATP +AFP], Jee = =87 [|AGI° +|AF?]

Jy = ; B2 [|AL[2 — |AF2 + | AR]2 — |ARP],  J, = \}5;93 [Re(ALAF" + ARAR™)].

Js = V28, [Re(A{;Ai* — ARART - % Re(AF A% + Aﬁ*AS)] ,

Jos = 2[5 [Re(Af’AI,‘* ARAR*)] , = 408, —— Re(AL A% + AF As)
ﬁ

Jr = V28 |Im(AF A" — ATAT) + % Im(AL A5 — AT 45))]

Jo = —-B2 [Im(AEAL" + ARAR)] Jo = B} [Im(Af" AL + AF"AB)]

V2



OBSERVABLES

From the Theory point of view we look for observables that:

[ |. Do not suffer from large hadronic uncertainties.]

[2. Have an enhanced sensitivity to the presence of physics BSM.J

[3. Can be extracted from the angular distribution.]




OBSERVABLES

[ |. Do not suffer from large hadronic uncertainties.j

’ Build Observables that do NOT depend on the Soft Form Factors €|| ] f L

Examples:

d'T 1
© a!q2 / doos  deos d¢ dg* deos B deos ) do B 1(3‘]10 60y = e = 2y) X € & €J_ x

App = : /O—/l deos ¢T = — 3Jes f/f
B | ) T Fdgtdeosl 3y, 46y, — Jy — 2y, 0 SL/ S|

- ~2Re(4, Al
A(l) g P?i _ T 2( |A-L? X £J_/€J_ — ] / [Melikhov et.al. 1998]

o AL =14

AT = ‘AT’Q n |A|[2' X €J_/€J_ =1 / [Kruger, Matias 2005]




OBSERVABLES

[ |. Do not suffer from large hadronic uncertainties.]

’ Build Observables that do NOT depend on the Soft Form Factors €|| ] f L

Examples:

d'T 1
/ deos b dcos O do i doos b doos 40 1(3J10+6J13 ~Jye=2y) o< & I's £ x

Q@ A= : /0—/1 deos dT = - 3Jss
P ), ), dgtdoosl,  3Jy 465, — Jp— 2y §L/ q
m T.-Ty ‘2Rc(A Al B |
© Ar' =7 T, T TAEAAR x& /€ =1 [Melikhov et.al. 1998]

AP =4

‘ A(T2] A2+ |A[‘2 X €J_/€J_ =1 / [Kruger, Matias 2005]

C 2. Enhanced sensitivity to RH currents.... )




OBSERVABLES

[3. Can be extracted from the angular distribution.]

- 1 2 2
o A.(TQ]—‘AMQ—MI’? - J3—§5£(‘AL’ _’AH’ ) . Ag(pz) _ J3 ,

AL 1
U = 0L 14 #2s

o [Ty _~Held4)
TETAT, T AP AR




OBSERVABLES

[3. Can be extracted from the angular distribution.]

2
_)A{(p):E J

1
| 2 _ 1AL Js = =Bu(JAL]? = |4 )
o _ AL -1 3= 5Pel]AL H
® hMEmrar ] 1.
Jos = Zﬁe(!fh\ +14[%)

o [Ty _~Held4)
TETAT, T AP AR

How can we know ?
Can’t we just invert the equations J(A) and write this obs. in terms of the ['s ?




OBSERVABLES

[3. Can be extracted from the angular distribution.]

| | 1
(2) ’/L_z A \2 J3 = 555(‘AL‘2 - ’A|\’2>
Ap' = ; ~S
1.' 2" J"l 2 1
AP 14 Jos = Zﬁe(!z‘lﬁ +14; %)

m T.-Ty 2Re(4, A7)
® 4 CTo4+T, JAR+]A 2

How can we know ?
Can’t we just invert the equations J(A) and write this obs. in terms of the ['s ?

4 )
There are transformations (SYMMETRIES)

NO = among the A’s that leave invariant the
angular distribution

J
[Egede, Hurth, Matias, Ramon, Reece 2008]




OBSERVABLES

For example the tranformation:

A, ; = +cosBA L +sinbA7 ,
A p = —sinfA]; +cosbA, p
Ay = +cos8Agr — sin 8AS
Ay = +sin AL, + cos 8Agn
+cos @A), — sin 9A|‘R
+sinfA7, + cos AR -
Leaves invariant the angular distribution: J;, = J;
—2Re(A(AT)  —2Re(4j47) 4Re(AfAT — AfAL)

A(l)—>A1 — 1L/ | | 0_|_...
! AL A R AL 4142 [AL* + A

1 T
qu) cannot be extracted from the angular distribution x

J
On the other hand, Ag ) — 7. CAN be extracted from the AD. +
28




SYMMETRIES and EXPERIMENTAL d.o.f.

Suppose there are:

7 A complex spin amplitudes (27 4 real theoretical parameters )

71 s transformations among the A’s (symmetries) that leave invariant the J’s.

The number of independent experimental degrees of freedom is:

nexp — 2nA = ns

Nexp independent observables

Corollary: If the number 71 of coefficients J7;<q2> is greater than Tlexp
then the coefficients are NOT independent:

Nexp = 2NA —Ng = Nj — N,

where: Tly - number of relationships between the J’s




SYMMETRIES (massless case)

There are 1, = 4 symmetries, which can be written as:

| | A AL
- compliex vectors: n, = AR ) n —A_I_?‘* , Ng = A{]?"

] Symmetr'ies: n: _ 0L ) } {(:059 31119] { cosh i6 51111129] o,

0 ¢ OR sinfl cos# sinhif coshif

There are N4 = 0 complex amplitudes.

nexpzznA_nS: nJ—nr |:> nexp:12_4:

Conclusions:

- There are Negyp = 8 independent angular observables.

-There are 7, = 4 relationships between the J¢<q2>

Questions:

What are the 4 relationships between the J’s ?

What is the best choice for the 8 independent observables ?




SYMMETRIES (massless case)

4 Relationships between the [’s (massless: B, — 1)

(24 82

4
|AG 7 + |AG1” +

- AZIZ + |Af12 + |AZ]2 + A7), 2e = =52 [|AG1* + A7)

1. . . . i 1 . * -
LB [IALIE — [AFI? + AR — |AR?],  Ja= 67 [Re(AFAL" + ARAF)]

V2

- = Ty -
V28 [Re(AFAL™ — AFAET) —#%4—4”’?—4-,)] ,

28; [Re(AFAL™ — ARARY)] | Joe = 43%39%_4%) ,
q

- - TTLs - >
V23, [Im(A{;Af‘ — AFAT) —+—T£ZI-!&&4LT43—%)] ,

1
V2

23,? [Im(A5AL™ + AFATD] Jo = B7 [Im(A[~AL + AF7AD)] ,



SYMMETRIES (massless case)

4 Relationships between the [’s (massless: B, — 1)

2 + BZ . . . .
— @FB0) [laz 2 4 |AF 2 + | AR + |AR?] +

4

. o 4z
[AG* + | AT +==3
- AZIZ + |Af12 + |AZ]2 + A7), 2e = =52 [|AG1* + A7)

1 .. . . . . * -
182 [lAL|2 — |AFI® + | AR — |ATP], Tl = Re(A5AL™ + ARAR)]

1 .
2621

V23, [Re(A{;Ai* — AR AR 47"‘?&9%—4”&4,)] :

* = Trg - *
28, [Re(AFAL" — ARART)] | (.]Gc _ 4.379.@,%_4@_4,))

V28, [Im(AFAF™ — AFAR") +%Ime%4w—4’+4ﬁ)] ,

1
V2

552 [Im(AgAL™ + AFATT)] Jo = B7 [Im(A[" AT + A["AT)] ,

(Joe =0




SYMMETRIES (massless case)

4 Relationships between the [’s (massless: B, — 1)

412

2 4+ B2 . . . .
—{ 4 £) [|A£|2+|Af|2+lAf|2+|Aﬁ‘|2])+ g

412 . -
q2 (¢] 0

37 . . . - . . .
7 (AL + 1A + AT + A1) Joe = =B [|AGI1* + |AFI?]

|AG 7 + |AG1” +

1 . . . . o | - .
2,35 AL|? — |AT|? + |AR]? — |AT?] , Js = 2352 [Re(Aé‘Af' + AFAF )] -

V2

V26: [Re(AFAL — AFAT") i Rebdfubii—afid)]

% = Trilg - 5
28, [Re(ALAL™ — ARAR™)] (JGC _ 43,\/_;29.9%_4%))

V28, [Im(AFAF™ — AFAR") +%I-m&%4w—4"+4ﬁ)] ,

1
Rz

552 [Im(AgAL™ + AFATT)] Jo = B¢ [Im(A[" AL + A7 AT,

(JGC = Oj (J1s = 3J2s)




SYMMETRIES (massless case)

4 Relationships between the [’s (massless: B¢ — 1)

2
E]‘s — 2 zﬁf) [|AL|2 + |AF|2 + |AR|? + |AF ])+ 4—"”&&9-@4-%1-9—%

. . Adrn? . - . .
(10 = 14812 + 1451 2SRt
32 ” a 2 L2 R |2
Jos = —= [|ALZ]? + | A2 + |AT? + | A Iz]) Joe = =B [|AF|? + | AF|?]
Ts = ; IALI? — | AR + |AZI2 — |AFP] . Ja= 587 [Re(AFAE" + AFAT)] .
Js = V28; [Re(AFAL™ — AFAT") ‘%@%—%’%] ,
q
= e TTL e
Jes = 23¢ [Re(AILAf — AIIIEA_IE )] , («]Gc = 431#%%) )
J: = V28 [Im(A,f-AL"‘ — AR AR +&I-m&4[‘?4§—%)]
L £ | I \/(F ’
Jo = 5B [Im(Ag A" + AZAT)] Jo = B [Im(Af"AL + A7 AD)] ,

(Joc =0)  (J1s = 8J2s) (Jic = —J2c)




SYMMETRIES (massless case)

4 Relationships between the [’s (massless: B¢ — 1)

2
E]ls _ (@ Zﬁf) [|AL |2 + |AF|2 + |AR|? + | AT ])+ 4—""&&9-@4-%1-9—%

. . Adrn? . - . .
(10 = 14812 + 1451 2SRt
32 ” a 2 L2 R |2
Jos = —= [|ALZ]? + | A2 + |AT? + | A Iz]) Joe = =B [|AF|? + | AF|?]
Ts = ; IALI? — | AR + |AZI2 — |AFP] . Ja= 587 [Re(AFAE" + AFAT)] .
Js = V28; [Re(AFAL™ — AFAT") ‘%@%—%’%] ,
q
= e TTL e
Jes = 23¢ [Re(AILAf — AIIIEA_IE )] , («]Gc = 431#%%) )
J: = V28 [Im(A,f-AL"‘ — AR AR +&I-m&4[‘?4§—%)]
L £ | I \/(F ’
Jo = 5B [Im(Ag A" + AZAT)] Jo = B [Im(Af"AL + A7 AD)] ,

(Joc =0)  (J1s = 8J2s) (Jic = —J2c)

Where’s the 4th relationship ??




SYMMETRIES (massless case)

We construct the following products:
2J3s — J3
g
2.J5, + Ja
B¢
Toe
—% -

BedJgs — 2tJg
232 ’
2.Jy — i8¢ Jr
V282
BeJs — 2iJg
V232

nyl* = A1 + A =

n'| n| = AAF — ATAT™ =

ni]? = |AL|? + |AF]? =

nyn| = AFFAF + AFA[™ =

nol? = | A§|? + |AFI2 =

nyn, = AF*AL — AFAT =

These 9 quantities respect the symmetries of the angular distribution.

These relations can be inverted [easy to find J(n.n)]

Three complex vectors Mg, 1,11 ALWAYS satisfy the equation:

‘ - 2 ‘ - - ; - ‘ 3 ‘
(rl 1) Inol? — (n] o) (mhnL)|* = (Imol2lmy 2 — I my [2)(Imof2InL |2 — | m. [2)




SYMMETRIES (massless case)

We construct the following products:

. . o 2Ja5 — J. . . . BeJes — 2iJ;
n > = |AFI? + |AF? = ==5—=,  aln = AAf — ATAf = =527,
Me ~E

| 2 Tp. + Ja . ) 20, —iBeds
Iny|? = |A%|?2 + |AE|? = 52 ., nyn = Af AP + A{]?AF - T

P ‘ p ¢]‘ 2 Bf(]-' o 22:«]8
TLe 2 __ AL 2 4 AR 2 __ __ Z'C . ,nT n — A_L*AL L ARAR* — 5 ' 8
I 0| | 0 I O| 3[2 ’ 0 1¢ L 0 A1 0 1 \/5323

These 9 quantities respect the symmetries of the angular distribution.

These relations can be inverted [easy to find J(n.n)]

Three complex vectors Mg, 1,11 ALWAYS satisfy the equation:

‘ - 2 ‘ - - ; - ‘ 3 ‘
(rl 1) Inol? — (n] o) (mhnL)|* = (Imol2lmy 2 — I my [2)(Imof2InL |2 — | m. [2)

Translated to the J’s, we find the 4th RELATIONSHIP:

g g 2Tz 4 Js) (4IF + B I7) + (225 — Js) (B7IE + 4T3)
e 16J2, — 3 (4J2 + 32J2, + 4J2)
ﬂg Jes(JaJs + J7Jg) + JQ(/Bg JsJ7 — 4J4Jg)

16J3, — 3 (4J3 + B2J3, + 4J2)

_|_

This relationship is PRESERVED in the massive case. [Egede, Hurth, Matias, Ramon, Reece 2010]




OPTIMAL SET of OBSERVABLES (massless case)

Recapitulation:

1. A complete set of independent observables contains EXACTLY 8 observables (a basis).

2. These observables should be extracted from the angular distribution.

—> Expressible in terms of the J’s (respect the symmetries)

3. These observables should be THEORETICALLY CLEAN.

—> (Cancellation of soft form factors at LO




OPTIMAL SET of OBSERVABLES (massless case)

Recapitulation:

1. A complete set of independent observables contains EXACTLY 8 observables (a basis).

2. These observables should be extracted from the angular distribution.

—> Expressible in terms of the J’s (respect the symmetries)

3. These observables should be THEORETICALLY CLEAN.

—> (Cancellation of soft form factors at LO

Prescription:

f

1. BUILD THE OBSERVABLES IN TERMS OF THE QUANTITIES ni 'n/]
2. TAKE RATIOS WITH SFF CANCELLATION ACCORDING TO:

ng x & and n),ny o<

3. FROM THE 8 OBSERVABLES, 2 CARRY THE BURDEN OF €||,J_ and 6 are CLEAN.




OPTIMAL SET of OBSERVABLES (massless case)

Recapitulation:

1. A complete set of independent observables contains EXACTLY 8 observables (a basis).

2. These observables should be extracted from the angular distribution.

—> Expressible in terms of the J’s (respect the symmetries)

3. These observables should be THEORETICALLY CLEAN.

—> (Cancellation of soft form factors at LO

Prescription:

f

1. BUILD THE OBSERVABLES IN TERMS OF THE QUANTITIES ni 'n/]
2. TAKE RATIOS WITH SFF CANCELLATION ACCORDING TO:

ng x & and n),ny o<

3. FROM THE 8 OBSERVABLES, 2 CARRY THE BURDEN OF €||,J_ and 6 are CLEAN.

BASIS:

dl
O = {d27AFBaP1>P27P37P47P57P6}




OPTIMAL SET of OBSERVABLES (massless case)

Recapitulation:

1. A complete set of independent observables contains EXACTLY 8 observables (a basis).

2. These observables should be extracted from the angular distribution.

—> Expressible in terms of the J’s (respect the symmetries)

3. These observables should be THEORETICALLY CLEAN.

—> (Cancellation of soft form factors at LO

Prescription:

f

1. BUILD THE OBSERVABLES IN TERMS OF THE QUANTITIES ni 'n/]
2. TAKE RATIOS WITH SFF CANCELLATION ACCORDING TO:

ng x & and n),ny o<

3. FROM THE 8 OBSERVABLES, 2 CARRY THE BURDEN OF €” 1 and 6 are CLEAN.
)

BASIS:

dl
O = {d23AFB>P19P29P39P4>P57P6}




OPTIMAL SET of OBSERVABLES (massless case)

dl
O = {d 2aAF39P1,P2aP3,P4aP5,P6}

PRIMARY OBSERVABLES:

Re(njn)) _ V2J,
VIPIng?  /=Jpe 2y = J5)
Re(njn.) Bis
VInPng2 /=202 + J3)
Im(n0n|) B ByJ-

Viny[? nol? \/ ~2Jpe(2ps = Jy)

4_

5—

y 6 =




OPTIMAL SET of OBSERVABLES (massless case)

dl
O = {d 23AFB>P1,P2,P39P4’P5,P6}

PRIMARY OBSERVABLES:

- Re(n] n)) - V2J,
\/|'n'|||2|n0|2 \/—‘]‘20(2']23 - J‘%) |

Re(njni) Bus

VInPine /=202 + J5)

_ Im(ng n) By J-

VInPn? /=20 (2 — Jy)

- These primary observables satisfy all the requirements for good observables

- This set is COMPLETE: Any good observable is a function of the P’s



REDISCOVERING KNOWN OBSERVABLES

1. Many theoretically unpleasant observables have been studied:

AFB) dr/dqza FL? FT) Jiy oo

2. All these can be expressed in terms of the 8 observables (0 = {%,AFB, Py, Py, P3, Py, Ps, P5}
q




REDISCOVERING KNOWN OBSERVABLES

1. Many theoretically unpleasant observables have been studied:
2
AFB) dr/dq y FL? FT) Jiy oo

2. All these can be expressed in terms of the 8 observables (0 = {%,AFB, Py, Py, P3, Py, Ps, P6}
q

3. Many excellent observables have been studied:
[Kruger, Matias 2005, Egede et.al. 2008,2010,
Becirevic,Schneider 201 |, Bobeth, et.al, 2010]

3,4, re,im 1,2,3
A@BAD)  gGeim) pra2m) =

4. All these can be expressed in terms of the 6 primary observables Py, Py, P3, Py, Ps, Pg

AY =P, Ay ={/1-PP-4Pf- 4P},
A =9p, A =2P,
' =P,

B \/—QJ'zc(st + J3)




THE FULL DISTRIBUTION FROM THE BASIS

J1s = 2FT;1;2 Jos = iFT(?; Joy = 2P2FT%
e = FL% Jae = —FL;% Jy = —PaFT;iI;
Jy = %PIFTG%I;

—P'\/FTFL ;i;; 4th rel.
Js = P/ ErFy ;ﬂqz jS
J; = —Py/ Fp Py — dI‘



NP SENSITIVITY of the PRIMARY OBSERVABLES
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SUMMARY (Symmetries)

1. The angular distribution of the 4-body decay B — K*(— KW)ZW_ is described by
anumber My = 12 of coefficients J;(¢*)
2. The theoretical and experimental degrees of freedom have to match:
nexpzznA_nS p— nJ_n’]"

3. This equation specifies the exact number of independent observables that can be extracted

from the angular distribution.

4. Good observables must satisfy 3 requirements: 1) Small hadronic uncertainties
2) Sensitivity to NP and 3) Respect the symmetries of the angular distribution.

5.The best one can do is Tlexp — 2 theoretically clean observables.

6. There is a prescription to construct such observables:

Massless case: 0 = {dd_;_zaAFBa Pl) P2>P3) P4> P5>P6}

7. The same can be done to include masses and scalars.




MODEL-INDEPENDENT CONSTRAINTS
ON: C7,C7’, C9, C10, C9’, C10’
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MODEL-INDEPENDENT CONSTRAINTS

1. Constraints on C7, C7’ (all other NP to zero).
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b— s [I' Z_ decays are COMPLEMENTARY to radiative B decays



MODEL-INDEPENDENT CONSTRAINTS

2. Constraints on C7, C7’, C9, C10 (all other NP to zero).
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Flipped-sign solution for C7 recovers statistical significance.

Four islands in the space of WCs (study “benchmark points”).




MODEL-INDEPENDENT CONSTRAINTS

3. Constraints on C7, C7’, C9°, C10° (all other NP to zero).
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Flipped-sign solution for C7 low statistical significance.

One benchmark point.




MODEL-INDEPENDENT CONSTRAINTS

Examples: benchmark points (C7, C7°, C9, C10, C9°, C10")

O
~
O
~

Cc7,C7’,C9, C10 - = C7,C7,C9, C10

EEEEERI EEEEEEDE C7, C7!, Cg, C10, Cgs, C-IO!



MODEL-INDEPENDENT CONSTRAINTS

To be continued.....
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