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Motivation

In Standard Model: b — s + 2¢ mediated by dipole and vectorial couplings
SM: O7 o< mp[So"” Pgb]Fp.u, Og(10) o< [87*PLbI[E7u(75) €]
whereas (pseudo-)scalar and tensorial couplings
S+P: Ogsy o [8Pp bl[£f] Op(pry o< [8 Py b][£7s (]

_ i _ -
T+T5: Or1 o< [Sou b][Lat” (] Or5 o< Es“VaB[So‘u,, b][loap ]

kinematically suppressed in most observables
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Motivation

In Standard Model: b — s + 2¢ mediated by dipole and vectorial couplings
SM: O7 o< mp[So"” Pgb]Fp.u, Og(10) o< [87*PLbI[E7u(75) €]
whereas (pseudo-)scalar and tensorial couplings
S+P: Ogsy o [8Pp bl[£f] Op(pry o< [8 Py b][£7s (]
T+T5: Or o [8ou, b][Za" €] Org o és“”“ﬁ[éaw bI[€0ap €]

kinematically suppressed in most observables

Well-known exception: helicity-suppression m,/mj (or m,/~/q?) of vectorial couplings in

2my,

_ 2 2
Br(Bs > i) o |Cs-Cg| +|(Co-Cpr)+ o (Cio- Cior)|
'S

= allows to constrain also (Cg ~ Cg/) & (Cp — Cp/)
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Motivation

In Standard Model: b — s + 2¢ mediated by dipole and vectorial couplings
SM: O7 o< mp[So"” Pgb]Fp.u, Og(10) o< [87*PLbI[E7u(75) €]
whereas (pseudo-)scalar and tensorial couplings
S+P: Ogsy o [8Pp bl[£f] Op(pry o< [8 Py b][£7s (]
T+T5: Or o [8ou, b][Za" €] Org o és“”o‘ﬁ[éaw bI[€0ap €]

kinematically suppressed in most observables

Well-known exception: helicity-suppression m,/mj (or m,/~/q?) of vectorial couplings in

2my,

_ 2 2
Br(Bs > fin) o |Cs-Cq| +[(Co-Cp)+ - (Cio- Cior)|
'S

= allows to constrain also (Cg ~ Cg/) & (Cp — Cp/)

Are there other observables with this feature ???
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Yes !!! = Angular distributions of ...

B-Kee 2
1 ar Fr(9®) 2 3 217 i
- = A 0+ —|1-F 0
I dg2dcos 6, 5 ' r8(G”) oS O + 4[ H(q )]Sm /
Besides dr/dqz, two more obs’s measured [LHCb 3/fb arXiv:1403.8045]
In SM > Fy o< m3/g? tinyfor¢=e,pand g® 2 1 GeV?

+ reduced FF uncertainties @ low- & high-g?
[CB/Hiller + (Piranishvili 0709.4174, van Dyk/Wacker 1111.2558, van Dyk 1212.2321)]

> Am =~ 0+O(ae)+O(dim8) up to “QED-bkg” & higher dim. mZ/m?,
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Yes !!! = Angular distributions of ...
B Kt

1 dr Fr(g®) 2 3 247 i@
- = A 0+ —|1-F 0
I dg2dcos 6, 5 ' r8(G”) oS O + 2 [ H(q )] sin“0,
Besides dr/dqz, two more obs’s measured [LHCb 3/fb arXiv:1403.8045]
In SM > Fy o< m3/g? tinyfor¢=e,pand g® 2 1 GeV?
+ reduced FF uncertainties @ low- & high-g?
[CB/Hiller + (Piranishvili 0709.4174, van Dyk/Wacker 1111.2558, van Dyk 1212.2321)]
> Am =~ 0+O(ae)+O(dim8) up to “QED-bkg” & higher dim. mZ/m?,
B b K* EE 4
il > Ji@)f(0e, 0, )
o ) ]
dg2dcos ,dcos Oxde 15~ o IR
Some J;(g?) measured, but assuming Cg p, =0 & m; =0
In SM > (J1s—3Bg) o m?/qz

> (Jic+dee) o< m?/qz

> Jﬁc

12

0+ O(ce) +O(dim8) <« contributes to Arg

C. Bobeth Rare B decays 2015 May 12, 2015 3/9



Yes !!! = Angular distributions of ...

B- K¢t 2
1 dT Fr(9®) 2 3 23T air2
L - A 0o+ 2[1-F )
I dg2dcos 6, 5 ' r8(G”) oS O + 4[ H(q )]Sm /
» Fy o< | ... (ICP+]Cr2)+...(|Ca+ Co2+|Cph + Cp, 2 r
Seyond &1 oo [ (ICrR +1CrsP) +...(ICs + Co P +1Cp + Cal?) | /
my — 0
> Am o Re[(Cp+Cp) Cig+(Cg+Cg) C5| [T
“...” denotes non-vanishing kinematic factors for m, — 0
B*K*ZE 4
o < 3 J(@)fi(0e. 0k, )
dg2dcos ,dcos Oxde 15~ o UG
> (J1s—8dag) o< (---|CT|2+~~~|CT5‘2)
B d SM
er‘rlv?io > (Jic+dzc) o< "'(lCT|2+‘CT5|2)+"'(‘CS_CS’|2+|CP_CP’|2)

> Jsc o< Re[(Cp - Cp) Cs~ (Cg - Cg) Cis|
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Example: sensitivities to tensorial C,
X1077 T T T T T T T
25f S LHCb 0.8 B LHCb
. G =0
§240 ’_0~6 [ CgNP=71.1
< 304
= 15
g =
1.0 0.2
sl ———
-1.5 -1.0 -0.5 0.0 05 1.0 15 -1.5 -1.0 -0.5 0.0 0.5 1.0 15
Cr Cr
: Fy:
Br X10_7v T T T T H T T T T T
0.8 B LHCb
mm =0 J
_0.6 [ CNP = -11
S04
£
0.2

0.5 1.0 15

-1.5 -1.0 -0.5 0.0
C

T
ng 1/my, CKM, ...

0.5 1.0 15

0.5 L n -
-1.5 -1.0 -0.5 %0
T
blue (CYF = 0)/red (C{* = -1.1) theory uncertainties: form factors, sub-leadi
[a) arXiv:1403.8044, b) 1403.8045]

grey bands = 1 0 measurement from LHCb:
[arXiv:1304.6325]

» B Ki¢ (3/fb) a) Brandb) Fy + Arp

» B K*Z (1/ib) Bronly
4/9
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Example: sensitivities to tensorial C.. B K*e¢

X107

= G =0
mm O =-11

6 . ]
53 Z1o0p ]
/g 4 =08} 4
:\ |
X 2061 1
g3 = .
< =04 .
2 ~
0.2t 1 .
! L L L L L 0.0 L L L L L | . | N
15 -1.0 —05 0.0 05 10 15 -15 -1.0 -05 0.0 05 1.0 15 -15 -1.0 -0.5 0.0 05 1.0 15
Cr T Cr
Br (J1s = 3dbs) (J1c + Ja2c)

blue (CYF = 0)/red (C{* = -1.1) theory uncertainties: form factors, sub-leading 1/my,, CKM, ...
grey bands = 1 0 measurement from LHCb:
» B Ki¢ (3/fb) a) Brandb) Fy + Ags [a) arXiv:1403.8044, b) 1403.8045]
» B K*2¢ (1/fb) Bronly [arXivi1304.6325]
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Global fit of S + P and T + T5 exploiting “helicity-suppression” of vectorial cpl’s in
= Br(Bs — i) and Fiy, Arg in B — K7t

compared to suppression of S + P and T + T5 cpl’s in other observables
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Global fit of S + P and T + T5 exploiting “helicity-suppression” of vectorial cpl’'s in

= Br(Bs — fip) and Fyy, Arg in B — K¢

compared to suppression of S + P and T + T5 cpl’s in other observables

Available data — use only £ =

... that does not assume CS,P,T =0andmy, =0

Channel Observable Kinematics Source
[ drBr(r) - CMS + LHCb 1411.4413

B G? <[1, 6], [14.18,16], [> 16] GeV?2  CDF Public note 10894
g% €[1.1,6.0], [15.0, 22.0] GeV? LHCb 1403.8044

Arp g% € [1.1,6.0], [15.0, 22.0] GeV? LHCb 1403.8045

Fh g% < [1.1,6.0], [15.0, 22.0] GeV? LHCb 1403.8045

Acp g% e[1.1,6.0], [15.0, 22.0] GeV? LHCb 1408.0978

Br g% <[1,6],[14.18, 16], [> 16] GeV®  CDF, LHCb,CMS 1)

Acp g% <[1.1,6.0], [15.0, 22.0] GeV? LHCb 1408.0978

T)CDF, LHCb, CMS = Public note 10894, 1304.6325, 1308.3409
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Scenario T + T5 (preliminary)

data set only F}; @ low- and high-¢? Fli + B— K™*)ie: Br, Acp
scenario Cr.rs CT’ 75
' + Cy 10 With Re, Im(C") € [-7, 7]
[-0.32, 0.16] ([-0.52, 0.35]) [-0.20, 0.20] ([-0.40, 0.35])
[-0.25, 0.24] ([-0.44, 0.44]) [-0.20, 0.20] ([-0.35, 0.35])
[-0.25, 0.24] ([-0.44, 0.44]) [-0.20, 0.15] ([~0.35, 0.35])
[-0.24, 0.25] ([-0.44, 0.45]) [-0.20, 0.20] ([-0.35, 0.35])
[0.13, 0.43] ([0.03, 0.57]) <0.30 (< 0.45)

1D-marginalized at 68% (95%) probability intervals for

Even allowing for interference with vectorial couplings = Fp (3/fb) imposes bounds
|C7l, |Cy5l < 0.30(0.45) @ 68% (95%)

(previous bound |C|, |C5| < 0.5(0.7) from LHCb 1/fb [CB/Hillerivan Dyk arXiv:1212.2321])
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-0.2

0.3 |

05 1
Re(CS +Cq)

only Br(Bs — fi)

only Fy(B* — K*fiu)

red all data
+Re,Im(C{7 /) € [-5, 5]
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Re(C, +Cy)
Py
& 5

0.5

0.5 1
Re(C_ + Cq)

only Br(Bs — fi)
only Fy(B* ~ K*fin)

red all data
+ Re, Im(C10 10r) € [-5, 5]

C. Bobeth

Il Il Il Il Il L
05 0 05 1 044703 02 o1 0 01 02 03 04
Re((:S +Cq) Re(CS -Cg)

|C;+Ci|<0.4(0.7) fori=S, P
|C; - Cy| <0.1(0.2) © 68% (95%)

11l Combined measurements of
Br(Bs — jip) & Fyy
allow to constrain simultaneously

complex-valued Cg g/ p pr

even for interference with C, ;o

Rare B decays 2015 May 12, 2015 7/9



Predictions for B - K*¢¢ (preliminary)

For comparison: the rate is ~ ©(107'%) in SM exp. precision 1/fb ~ 18%
& 2@he )t 3@ he) = (AP 0= (11£08)-107
SM predictions Joc = 0+ O(ae) + O(dim 8)
(15 —Bdas)1.1,6] = (2.070:2) - 1072 (1o + dac)[1.1,61 = (1.8+0.3) - 107
(J1s = Bas) (15, 19 = (0.6 £0.1) - 10722 (Jrc + doc) (15, 19] = (8.875:4) 1072
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Predictions for B - K*¢¢ (preliminary)

For comparison: the rate is ~ ©(107'%) in SM exp. precision 1/fb ~ 18%
ar 2 1 _
i :§(3J15—J25)+§(3J1C—J20) = (dr/dg?)(1.1,6)= (1.1£0.3)- 107"
Jsec = 0+ O(ae) + O(dim 8)
(d1s = 82s)[1.1,6] = (2.0708) - 1072 (J1c+d2o)(1.1,6) = (1.8£0.3) - 1077
(s =Buos)is, 19) = (0.6 £0.1)- 1072 (1o + o) (15, 197 = (8.8755) - 107
Yet still allowed ranges @ 68% probability in various scenarios
observable  ¢>bin |  9,10,7,T5 107,80, PO 10, 8O PO T, 75
Jos [1.1,6] | (-1.837%)-1072"  (0.1*08). 10722 (0.7+5:8) - 102
[15,19] | (-0.4%):3)-1072"  (-0.373-2).10722 (-0.3737)- 1072
0.8 —20 1.0 —20
i - B [1.1,6] (1.5i0_6)~10 SM (2.0f1_0)~10
[15, 19] (6.613%)-107% SM (9.373-3) - 107
it oo [1.1,6] | (307131021 (1.2¢33)- 107 (3.2+2:4). 102"
[15, 19] (5.673:3)-107 (7.5750)-107%8 (7.3*532) - 107

= good prospects for T + T5: (J1s —3dos) $ 3.0-10720 (J1e+doe) s 1.2.10720

= sensitivity to S + P much less in Jg¢ and (Ji¢ + Jo¢)
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Summary

There are observables in b — sé¢ with enhanced sensitivity to scalar and tensorial cpl’'s

> Br (Aar)
> Fu, Arg
4 (J1s = Bas), (1o + Joc) and Jgc

due to m,/+/q? suppression of vectorial cpl's (~ “SM background”)

= orthogonal to observables dominated by vectorial couplings
= allow to constrain scalar and tensorial couplings (almost independent fit)

Fits with EOS = HEP Flavour tool
@ http: //project.het.physik.tu - dortmund.de/eos/ J

C. Bobeth Rare B decays 2015 May 12, 2015



Summary

There are observables in b — sé¢ with enhanced sensitivity to scalar and tensorial cpl’'s

> Br (Aar)
> Fh, Arp
4 (J1s = Bas), (1o + Joc) and Jgc

due to m,/+/q? suppression of vectorial cpl's (~ “SM background”)

= orthogonal to observables dominated by vectorial couplings

= allow to constrain scalar and tensorial couplings (almost independent fit)
» Fp measurement imposes constraints on T + T5:

|C7 15 < 0.85(0.45) @ 68% (95%) (preliminary)

» Fy combined with Br(Bs — i) for the first time simultaneous bound on

CS,S’,P,P’ (complex-valued):
|C;+C;]1<0.4(0.7)and |C; - C,| < 0.1(0.2) (preliminary)
Fits with EOS = HEP Flavour tool
@ http: //project.het.physik.tu - dortmund.de/eos/ J
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Summary

There are observables in b — sé¢ with enhanced sensitivity to scalar and tensorial cpl’'s

» Bs — iy Br (Aar)
» B— Kee: FH: AFB
> B— K*it: (J1s = Bas), (1o + Joc) and Jgc

due to m,/+/q? suppression of vectorial cpl's (~ “SM background”)

= orthogonal to observables dominated by vectorial couplings
= allow to constrain scalar and tensorial couplings (almost independent fit)

» Fp measurement imposes constraints on T + T5:

|C7 15 < 0.85(0.45) @ 68% (95%) (preliminary)

» Fy combined with Br(Bs — i) for the first time simultaneous bound on

C

5. p.pr (complex-valued):

|C;+C;]1<0.4(0.7)and |C; - C,| < 0.1(0.2) (preliminary)

Please measure (Jis - 3das), (Jic + J2c) and Jsc

without assuming Cg , , =0and m, =0
Fits with EOS = HEP Flavour tool
@ http: //project.het.physik.tu - dortmund.de/eos/ J
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