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CP-Asymmetries:

What can they tell
us about deviations
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Direct vs Indirect CP-Asymmetries

* Difference between differential decay width of a mode and its B — e ¢~
CP-conjugate

» Can be “easily” measured in self tagging modes (f # f )

* They probe interference between CP-even and CP-odd phases B — f£te-
i dl—dU
QQY 1T —
Indirect F T Ar +dr
Mixing

B

B

\C\P—eigenstate
D fep 070"

k’

Effect of mixing and decay interference

They only appear in non-self tagging modes (experimentally
challenging)

Require a time-dependent analysis and a tagged B

They probe interference between CP-even and mixing phases
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b — s(d)C¢ Effective Hamiltonian

Local operator effective theory at scales below the electroweak scale
6= 6+l

g=uc B =12

H i = \/_ Z,@,+ Z T Z €0,

02
Lowng Distance
Short Distance @9(3 = 16722 (S}/MP L R)b)(f y/"f )
4-quark operators contribute through loops: b - 2 _
= ( 5}/” P, T°q)(gy"P,; T°b) 0100 = 1622 (S}//,tP L(R)b)(f r'rst)

O = (57, PLg)(qr'Pb),

1672

1 b — df¢ is described with a similar framework b—>»



Theory of B — M¢¢ decays

M(B — M) = (MLl Her|B) = [(A + H") weyuve + A’ uyyu%vg]
pu

Local:
¢+ |
b p AF = 2 Co(M|5 oMY q, PR b|B) + Co(M|54* Pr b|B) + (P, <+ Pgr,C; — Cl)

-« -« q

Non-Local:

e W=t 3o / Aot i (MIT {3l (2), OO} B), e = 3 Qa g
() q
Wilson coefficients €; = €™ + G

* perturbative, short-distance physics (g2 independent), well-known in SM, parameterise heavy NP
Local and non-local hadronic matrix elements

* non-perturbative, long-distance physics (g2 dependent), depends on external states, main source of uncertainty
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Theory of B — M¢¢ decays

Non-Local: y
€+
° %S HF = _162” C /d:'3 ' (M|T{jk, (x), 0;(0)}|B), Jom =

()

Non-local contributions mimic €y can be absorbed in an effective g* and mode dependent G

€5(q)) = Co —AY.o(a) — 2Y,u(q”)
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Theory of B — M¢¢ decays

Non-Local:

€+

Fit Y. we=SgE 3G [ dateit (MIT{ite,(2), O:O}B), 3= Qudr'a
HE. q

Non-local contributions mimic €y can be absorbed in an effective g* and mode dependent G

eff(g? (8 2 (s 2 b->dLL
65'(a") =6 - OYeq®) = 4DVl q?) e
— : ' ng) 1,0—12—|-'m2 ~ 047 — 1
cC Lloop uii Loop 3.; (1=p) +"72 |
Large effect in both b-»sll and b->dll rates Supressed i b-»sll rate due ko CKM structure | 3@ =~ A=p)—n” —in —0.41
; F - (1 —=p)*+n?
b->slL '

o (s rerrm——
A = —=X%(p — in)

. even below cc threshold due to | |

_cutsingand (g +K)° | \M e

‘ Complex Ycé(qz) and




Direct Asymmetry: B - P£¢ v

T e
AP = —14 X(p —in)
- - AP = —X\%(p — in)
(dl'g + dI'g)/2 EKN2 | 2 #(K) 2 Z(K) 2 |1 y2 i
= W (1) |3+ (0 + T, ) +2( %o+ 7006, |ReY, .+ 062 V2D ||
dq2 T T ; &‘~( ‘ _
== -
A2 /\gs\ )
dly —dT ) 3 |
= A ) i 1+ 062 (o + 70, ) Im(¥,,, - Y.0) = Im(Y, ¥)

Bokh cCc and uil conkribute to CP-odd rate ,‘ Im/fgs) = — Im/’f,(j) =

n /12 "

N GZ.a2|\1))2 Py _ 2f5 (6% (ms + my)
-

_ )\3/2 2 =
3-51275m, *F () P)(¢2)(mp + mp)



Direct Asymmetry: B — PCC e

C
2
(dT g + dT )12 )| ) 2 ) | ASLS) —A%(p — i)
el L (%0 +70%;) + 2(%9 ¥ f(TK)%7>ReY65 + 0021 V2| |
 ’\ 5\ gs) R
dTy — dT _ ‘
qu2 K = 4l (F9) 022 [1+ 609)] [(%9 + f<TK>%7> Im(Y,; — ¥,2) — Im(Y,V*)
Both cC and uii conkribute to CP-odd rate
b->dlLL Ny = GEEINTE (a0 te) _ 261 (@)t )
- ~ 3.51275m3, T ") () (mp +m
- ,i accidental cancellation in the real part of /lgtd) B + (a%)(ms P)
[(5@_ _P=1+m o, 1 | dueto the smallness of £ =p(1 —p)—n*=—0.022
© (=pP+n
3(d) — P(l - P) - "12 — 17 ~ —0.4i
’ (L=p)*+n’ o dT. +di )12 ,
=) G+ (Go + [06) + 2E + [PEIRYE + | Y5 I+ AmOP |V, — Y[+ 0(0)]
dl', —dTl > (=m)|1+ 63 N
dd Al (7) () T __ YT\ _ T (YT
T =) (%0 + 70, ) (v, = Y2) = Im(V2(5))




Direct Asymmetry: B — P£¢

S A7
: Kd . K=aw, (ffO)2 nA? |1+ 6% [(%9 + f(TK)%7> Im(Y,; — ¥,z) — Im(Y,.Y*)|

L.‘P“odci rakes have the same sErwz:&ure
up ko Uﬂspw\ break‘mng
(hon Trivial due ko CKM )

<f< >>2 717_ SRR L[+ ) o - v - oz
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Kz = @r,—dr,)ldqg?
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Kim =  dr,—dr,)/dq?

Expamdims on U-spin breaking

312 2 N N -
1 (K) @SM( 7(m) _ FK)

RI({:/I;lSM = — - 1 - : (fT f~T ) — €y T @(A%])

Ay " GM + GSM )

Im (Y% - Y%) = (1 +¢,) Im (Y5, — Y%)

Only depends on U-Spin Breaking of
hadronic non-local conbribubtions

Error domain bj Form
factors due ko lack of
correlations

12

How big is U-spin breaking?

Yt _|AY| [Tkl TBY > Ik

y® 2@ k| T(B+ = Jlyrt)
q*=mg,,
3.0_ llllllllllllllllll ———
. U-spin Limik
20}

lllllllllllllllllllllll




CP _ (drK_de)/dqz e ——————r———— I
- » (=) |1+ OL)

Kin = (T, — dT)/dq>

Expahdihg o U*Spm breal&i&mg
S . S Hous big . U“SPQM braaw‘iy\Q?

4 312 2 . B
| cp; _ [ & L GNP~ 1) 5 | P , .
Riimlsm =\ =7 (7) L= o o Gt OB * K d
| A )L M+ e | Y& RN IR SN
| Y@ a9 |\ k| TBY > Jiyat)

2—m?2
q _mJ/y/

Im (Y% - Y%) = (1 +¢,) Im (Y5, — Y%)

CP-conserving NP in B - K£7

3/2 2 r _ _ _ )
o) (A (£ NI - ) : 5B + 58 IO
RK/ﬂlNP -\, = = €, + @(AU) 11+ — )

Ratio probes CP-conserving contribution in orthogonal direction to CP-average (wrt hadronic contributions)
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Indirect Asymmetry: How do you describe it?

Indirect
— BT — Kt~ | CP | BT = Kt
Mixing ’ hx hx

B,

hx = hxnx
W—eigenstate h ~ - v
Decay 3 Ko 00" ", By — Ksttt~ | Ba<Bd | By — Kstte~
W hx Py

N
WV

B,
hx: Transversity amplitudes nx: CP-parity associated to hy
77V,A,P,Tt = —1 and 775,7' =1 —> hiM — —hiM
42 . 2 2 2
G2 —_ — T ‘hV‘ + ‘hA‘ — 2 ‘hT‘ — 4 ‘hTr‘ [Dunietz et al '01, Descotes-Genon et al '15]

hy x (€19 + € 10)f (g%
d’T(B* - K*t¢+¢7)

1
= Gn(g?) + G,(g®)cos 0, + G,(g*)—(3 cos* 6, — 1
da?dcos0, 0(q”) + Gi(g7)cos 0, + G,(q )2( r— 1)
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Indirect Asymmetry: How do you describe it?

Indirect CP-Average

7

Mo ° '

a” R I ATt (ATt
G(t) + G(t) = e f[(G,.+Gi)cosh Z0) Chsinn [ 22 ]

B, > >

W-eigeﬂs‘?aﬁe " G(t) - G() =e™! [(Gi — G;) cos(Amt) — s, sin(Amt)]
Decay Kl ‘,. AN

Bd Indireck C?*Asvmmehj

Direct C‘P*Asvm me&ry

GQ:—%ﬁ<‘hV‘2+ | =2 | hy|” -4 ‘hTt‘z)

hy & (€1 + € 10)f(q°)
d°’T(BY — KT¢1¢7) ) ) 5 1 )
= Gy(q°) + G{(g“)cos O, + G,(q )5(3 cos“0,—1)

dg?dcos b,
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Indirect Asymmetry: What does it probe?

Indirect CP-Average Time-evolution of CP-average

Mixing information as si

~ - Al't Al't S
B G(t) + G,(1) = e—Ft[(Gi + G;)cosh (T) — h;sinh (T)] Re vs Im part
d

W-eigeﬂsmte G(t)— G() = e [(Gi — G;) cos(Amt) — s, sin(Amt)]
Decay Kl AN

Encodes the same

Bd Indirect C‘P*Asvmmehj
Direct Cr-Asymmelry 832 - :
Z iv [ > > >
s, = ——oIm e |yh + Tyt = 2o - 4k b |

Scalar/Tensor Currenks

9 _
So ~ —ZSin¢(G2—%|hTt|2)

Real Scalar and Tensor Currenks due ko

their CP-parities (Substantially supressed)
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Indirect Asymmetry: What does it probe?

Indirect C?*Av&rage

Mixing ‘

) ol ATt /AT
| G(t) + G1) = e [(Gi + G )cosh [ =) = hsinh | — ]
B, ‘, 2 2
G(t)  CP-cigenstate ] G (1) — G(1) = e‘“[(Gi _ G)) cos(Ami) — s, sin(Amt)]
Decay Kl f, AN

B,

Indireck C?*Asvmme%rv

Direct C‘P“Asvmma&r:j 2 - ]
8pz 1 T A b % b h*
sy = = —20m | |yt + Byt — 2k — 4l ]|

Compi.ex NY
TG G )

< Iv\EerfereMﬁe bebween wealk (CP-odd) Phase Observable SM CNP _ _ 1192 ’

and mixing phases o0 0.368(5) 0.368(5)
Aol PR o B S oo —0.359(5) —0.359(5)

— 1.12+i1.00 }
0.273(6) *

Clean Sewmsitive Probes of Complex NP
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Conclusions and Future Prospects

Direct
Cancellations due to CKM skructure implies similar structure in B->KLL ] B - {7 ¢~
and B->rll CP-odd rakes M,F? to U*SF}L&\ Erea\k’gy\g‘ P i

U-spin ratio of CP-odd rates is an indicator of validity of CKM '5 V/S
mechanism. Provides orthogonal handle on CP-even New ‘Phjsics‘. I ¢

Estimate of U-spin breaking needed’ | B rte-
Indirect
/" Mixing

B . A BA->KslL Eime ciegemden& avxatjsis con ke_t[p to conskrain NP

J complex phases in b-»sll. LHCD, Belle11?
Q\P—eigenstate ' i
N { I*  Similar arguments can be made in the case of Bs decays.

ccay % o070 | |
/ i* B->VLL decays are more complex but still strongly sensitive to CP-
B odd phase.
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Indirect Asymmetry: How to extract it?

nB, > K& : y = Al'p /21" very small = Only 3 observables (s;) accessible

in B, decays : x = Amg /1" large, y = Al'p /21" small (low sensitivity) = All observables accessible

No need for flavour tagging needed to access 4. (lower sensitivity due to small y and small mixing angle)

® Time integration different for hadronic machines (incoherent
production) and B-factories (coherent production).

m Incoherent: t € [0,00) =-time since b-quarks have been produced
m Coherent: t € (—00, 00) =-time difference between B and B decay

® Hadronic machines involve an additional term compared to the
B-factories (x = dm/I' =mixing parameter).

- 11 1 -
G + G, L= X (G, + G)—
< I 1>Hadr0nlc F _1 . }72 ( ] z) 1
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