looking at the global picture in b= s transitions
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“I wanted to show that the women are not harvesting crops the way they had
hoped. They're holding a bowl of dust, because this is what they're left

with. .. In other words, what wed expect to see is not there.”

- Ashley Cecil




the brush strokes that have appeared
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the story of the hadronic uncertainties

known:
» purely leptonic decays are theoretically clean and suffer from mostly parametric uncertainties
» Inclusive radiative decays suffer from a ~5% non-factorizable correction that cannot be reliably estimated



the hadronic uncertainties on-shell
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the hadronic uncertainties off-shell
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— hg\o) 1+ q2hg\1) 4 q4hg\2) :

" The weakest link in the analysis is the estimates of the non-factorizable part.

» However, the estimates of the angular observables in the SM depend heavily on the estimate of the non-factorizable
part. (EVEN the “clean ones”)

" The nonlinear dependence of the angular observables on the hadronic contribution means that the central value and the
error in the prediction depends on the size of this estimate.

" The on/y theory estimate available in the literature (arXiv:1006:4945) takes into account only a part of the possible
contribution (soft gluon contribution)

" Other contributing diagrams can possible bring about corrections to this estimate that are as large or larger than the
current estimate depending on the kinematic region one considers.

A. Khodjamirian, T. Mannel, A. Pivovarov and Y.-M. Wang, Charm-loop effect in
B — K®¢+4~ and B — K*v, JHEP 09 (2010) 089 [arXiv:1006.4945]



the key ingredients
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Il Simplified for SM, other
operators play a role in NP
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L.CSR at large recoil (low g?) [hep-ph/0412079 and arXiv:1503.05534]
LCSR at large recoil (low q?) [hep-ph/0611193] (larger errors)
Lattice at small recoil (high q?) [arXiv:1501.00267]
In the infinite mass limit ignoring o, corrections the number of independent form factors = 2

(soft form factors)




TheHEPfit story

B — K*¢{"¢{~ decays at large recoil in the Standard
Model: a theoretical reappraisal
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HEPfit

~
\ ‘] config file

\\

\|SUSY| 2HDM | [ Effective

Lagranglan

|

[your model]

Lyour obs.]

bs ThObservabIe

(base class)

= [% }3

I» . [» histograms

Predlctlons

Satoshi Mishima

an analysis toolkit for electroweak, flavour and Higgs observables based on BAT

(https:/ /www.mppmu.mpg.de/bat/)




HEPfit@ICHEP2016

Constraints on the Standard Model dimension 6
effective Lagrangian with HEPfit (15" + 5')

® 4 Aug 2016, 17:20 LA A Higgs Physics
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Speaker

2 Dr. Jorge de Blas (INFN Rome)

Electroweak precision observables in the Standard
Model and beyond: present and future (15" + 5

© 6 Aug 2016,14:20 Top Quark and Elctiowe..
@ Chicago 9 ()
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¢? bin [GeV?] Observable measurement full fit prediction p — value
Fr, 0.264 + 0.048 0.275 + 0.035 0.257 + 0.035
S3 —0.036 + 0.063 0.002 + 0.008 0.002 + 0.008
Sy 0.082 4 0.069 0.037 4 0.042 | —0.025 4 0.047
Ss 0.170 + 0.061 0.271 4+ 0.027 0.301 + 0.024 013
[0.1,0.98] ArB —0.003 +0.058 | —0.102 +0.006 | —0.104 =+ 0.006 :
Sy 0.015 4+ 0.059 | —0.049 £ 0.016 | —0.043 £ 0.017
Sg 0.080 + 0.076 0.027 4 0.048 | —0.004 4 0.046
So —0.082 4 0.058 | —0.002 & 0.007 | —0.002 = 0.007
P} 0.387 4+ 0.142 0.774 4 0.094 0.881 + 0.082 0.0026
Fr, 0.663 + 0.083 0.691 + 0.030 0.688 + 0.034
S3 —0.086 + 0.096 0.000 + 0.013 0.001 + 0.013
Sy —0.078 £ 0.112 | —0.059 & 0.027 | —0.070 4 0.032
Ss 0.140 + 0.097 0.183 + 0.046 0.208 £ 0.057 0.63
[1, 1, 2,5] App —0.197 £ 0.075 | —0.198 +£0.019 | —0.200 =+ 0.022 :
S7 —0.224 +0.099 | —0.081 4+ 0.042 | —0.056 + 0.049
Ss —0.106 +0.116 | —0.003 4 0.031 | —0.004 + 0.033
So —0.128 +0.096 | —0.002 4 0.013 0.002 + 0.013
P} 0.298 + 0.212 0.410 + 0.099 0.460 + 0.120 0.51
Fy, 0.882 4 0.104 0.739 + 0.025 0.729 + 0.028
S3 0.040 +0.094 | —0.01240.009 | —0.014 4 0.010
S4 —0.2424+0.136 | —0.176 +0.020 | —0.179 & 0.021
Ss —0.019 +0.107 | —0.055 4 0.045 | —0.055 & 0.052 0.80
[2,5, 4] Arp —0.122 4 0.086 | —0.08240.023 | —0.082 £ 0.025 :
Sy 0.0724+0.116 | —0.059 4 0.050 | —0.080 =+ 0.055
Sg 0.029 +0.130 | —0.01240.023 | —0.012 4 0.023
Sy —0.102 +0.115 | —0.003 4 0.009 | —0.003 & 0.009
P} —0.077+0.354 | —0.13040.100 | —0.130 4 0.120 0.89
Fr, 0.610 + 0.055 0.653 + 0.026 0.661 %+ 0.030
S3 0.036 4 0.069 | —0.030 4 0.013 | —0.030 & 0.015
S4 —0.218 +0.085 | —0.241 4+ 0.014 | —0.239 4 0.016
Ss —0.146 +0.078 | —0.183 4+ 0.040 | —0.205 + 0.046 0.50
[4, 6] Arp 0.024 + 0.052 0.050 + 0.027 0.067 & 0.032 :
Sy —0.016 +0.081 | —0.034 4+ 0.046 | —0.037 & 0.055
Sg 0.168 +0.093 | —0.01540.025 | —0.026 & 0.026
So —0.032+0.071 | —0.007 +0.012 | —0.012 + 0.014
P} —0.3014+0.160 | —0.388 4 0.087 | —0.440 4 0.100 0.46
Fr, 0.579 + 0.048 0.569 + 0.034 0.517 + 0.070
S3 —0.042 4+ 0.060 | —0.050 4 0.026 | —0.006 & 0.054
S4 —0.298 +0.066 | —0.264 4 0.016 | —0.224 =+ 0.037
Ss —0.250 +0.061 | —0.241 4+ 0.048 | —0.164 & 0.100 0.82
[6, 8] Arp 0.152 + 0.041 0.146 + 0.036 0.099 £ 0.077 :
Sy —0.046 +0.067 | —0.031 & 0.055 0.010 +0.110
Sg —0.084 4+ 0.071 | —0.017 4 0.035 0.039 + 0.055
So —0.024 +0.060 | —0.011 + 0.027 0.018 + 0.047
P} —0.505 4+ 0.124 | —0.491 4 0.098 | —0.330 & 0.200 0.46
[0.1,2] 0.58 + 0.09 0.65 + 0.04 0.67 + 0.04 0.36
[2,4.3] BR - 107 0.29 + 0.05 0.33 +0.03 0.35 + 0.04 0.35
[4.3,8.68] 0.47 +0.07 0.45 +0.05 0.47 +0.11 1.0
BRpk+y 10° 4.334+0.15 4.35+0.14 4.61 4+ 0.56 0.63

Observable | measurement full fit prediction | p-value
P —0.23 £ 0.24 0.00 £ 0.01 0.00£0.01 0.34
Py 0.054+0.09 | —0.040 + 0.00 | —0.040 £ 0.00 0.32
Ps —0.07£0.11 0.00 £ 0.01 0.00£0.01 0.53
Fy, 0.16 £0.08 0.170 £ 0.04 0.18 £0.05 0.82

BR - 107 3.1£1.0 1.4+0.1 1.4+0.1 0.06

Parameter | Absolute value | Phase (rad)
3% (5.7+2.0)-107% | 3.57+0.55
39 (2.3+£16)-1074 | 0.1+£1.1
i (2.84+£2.1)-107° | —02+£1.7
) (79+6.9)-10°6 | 0.1+1.7
A% (3.8+£2.8)-1075 | —0.7+1.9
h? (14+1.0)-1075 | 35+16
p(©) (5.4+£2.2)-1075 | 32414
pd) (5.243.8)-1075 | 0.0£17
h? (2.5+1.0)-1075 | 0.09+ 0.77




fit using estimated charm loop contribution at low ¢?

L4 W SM@HEPfit, full fit ]
Al T LHCb 2015
Ly»f 0.8} 11 : : ]
06 f H_*
R T S N T S
q* [ GeV?]
I S T W SM@HEPfit, full fit ||

3 LHCb 2015

q2

i i i i
4 5 6 7

[ GeV?]

0.4f -

0.2

0.41

= SM@HEPfit, full fit].

7 LHCb 2015

L L H
1 2 3

q2

H H 1
4 6 7

[ GeV;]

B SM@HEPfit, full fit ||

¥ LHcb 2015

q2

i i i i
4 5 6 7

[ GeV?]

0.4

0.2

—0.4]
0 3 4 5 6 7 8
q® [ GeV?]
0al W SM@HEPFit, full fit ||
¥ LHcb 2015
0.2f ‘

—02f

A. Khodjamirian, T. Mannel, A. Pivovarov and Y.-M. Wang, Charm-loop effect in
B — K™t~ and B — K*vy, JHEP 09 (2010) 089 [arXiv:1006.4945]
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fit using estimated charm loop contribution at all ¢g*
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A. Khodjamirian, T. Mannel, A. Pivovarov and Y.-M. Wang, Charm-loop effect in
B — K®¢t4~ and B — K*vy, JHEP 09 (2010) 089 [arXiv:1006.4945]

0.4} B SM@HEPfit|]
? LHcb 2015
0.2F . . . . I . 8
0.0+ : B : I
—0.2}- + B
-0.4
0 l2 é 4‘1 5 6 7 8
q% [ GeV?]
oal [ m smeHerfit].
: ? LHcb 2015
0.2+ -

0.4}

0 5
q* [ GeV?]
ol B SM@HEPfit]|
T LHCb 2015
0.2}
00 . T T
I :l t !
0.4
— —
q* [ GeV?]
13

B SM@HEPfit ||
§ LHCb 2015

; ;
3 4

i i i
6 7 8




the question of hadronic contribution

ACéEC’B_)K*’Mi)(qz) _ (Cl n 302)gwclg(éc,B—)K*7Mi)(q2)

in the very low q? regime the hadronic contributions extracted from
data and theory estimates seem to be compatible

in the region closer to the resonance hadronic contributions extracted

from data seem to be larger than theory estimates, as they should be

Khodjamirian et al. 2010
SM@HEPfit, full fit

V2 2
\q Im/ |
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Khodjamirian et al. 2010
SM@HEPfit, full fit
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A. Khodjamirian, T. Mannel, A. Pivovarov and Y.-M. Wang, Charm-loop effect in
B — K®¢+4~ and B — K*v, JHEP 09 (2010) 089 [arXiv:1006.4945]

C§'(a*) = C§" + Y (¢)

observables.

caveat: 2 ACy or AC, would have a similar effect on the

However, a ACy or AC, cannot have a q? dependencel

Khodjamirian et al. 2010

SM@HEPfit, full fit

1
9 9
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comparing the contributions

C9 QCDF
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V' Cy: the short distance contribution including the perturbative charm loop
v’ QCDF: the conttibution from the charm look computed in QCDF (includes the pole at g2 = 0)
V' gray band: 1.CSR estimation of long distance contribution from Kodjamirian et. al. arXiv:1006.4945

V' black bars. extraction of non-factorizable contributions extracted using HEPfit fromB — K*(*¢~

and branching fractions.
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angular observables




what data says about hadronic contribution

ACSEC’B_)K*’Mi)(cf) _ (Cl 4 302)g(mg’q2) + QClg(EC,B—)K*,Mz‘)(QQ)

Khodjamirian et al. 2010
SM@HEPTfit, full fit
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Khodjamirian et al. 2010
SM@HEPTit, full fit
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Khodjamirian et al. 2010
SM@HEPfit, full fit

|

L2 g2
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no theory input for fitting hadronic contribution




results from arXiV:1608.earlynextweek

Constraints on new physics from radiative B decays

Ayan Paul® and David M. Straub®

2 INFN, Sezione di Roma, I-00185 Rome, Italy

b Excellence Cluster Universe, TUM, Boltzmannstr. 2, 85748 Garching, Germany




a step towards consistency in flavour physics
computation

u
m f I t home developers samples documentation

HEPfit: a Code for the Combination of Indirect and
Direct Constraints on High Energy Physics Models.

A Python package for flavour physics phenomenology in
the Standard Model and beyond

DOCS GET STARTED

T > puy with d3 = 0.1

P os| mal
M

04 -: ;; i W SM@HEPfit, full fit
=
02

zzzzzzzz

S q* [Gev?]
TRR———— . —_—_I———
Higgs Physics Precision Electroweak Flavour Physics BSM Physics
flavio is a Python 3 package to compute predictions for hundreds of observables in flavour physics, both in the HEPfit can be used to study Electroweak precision observables The Flavour Physics menu in Dynamics beyond the Standard
Standard Model and for arbitrary new physics effects (parametrized as Wilson coefficients of dimension-6 Higgs couplings and analyze data are included in HEPfit HEP£it includes both quark and Model can be studied by adding
on signal strengths. lepton flavour dynamics. models in HEPfit.

operators). Additional features are in development.

David Straub u
over at Github I t

COLLABORATION
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our area of concern

G2.02,m3, m2 2\ 3 LCSR
em v 2 2 2
BR(By = V) = 75, 3973 ) ( B m—zB) [N (|C7| +1¢7] )T1(0) T1(0) = 0.282 4 0.031 for B — K*y,
Ty (0) = 0.309 £ 0.027 for By — ¢ry,
['(By(t) = V) —=T(B,(t) = V LCSR + LQCD
ACP(Bq(t)_)V’Y): (_CI( ) _7) ( q( ) 7)
['(Bg(t) = V) + T'(By(t) = V) T3 (0) = 0.312 + 0.027 for B = K*y,
for Bs — ¢ry.

S(Bq = V) sin(AMgt) + Acp(Bq = V) cos(AM,t)

cosh(y,t/7B,) — Aar(By — V) sinh(y,t/7p,)

T1(0) = 0.299 + 0.012

SM
Cett = —0.2915
Cl(. = TTZZ Cr

BR(BS — Cb'Y) —

|

Yst
TB,

yq = Al'y/(21y) = 78,AT' /2

1 — Aar(Bs — ¢7) ys

1—y2

BR(B;(t) — ¢y) = BR(Bs — ¢y) e /785 [Cosh(—) — Aar(Bs = ¢) sinh(T—
Bs

| Br(8. > 69)
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new physics sensitivity

S(Bs — ¢y) = sin(2x) sin(¢7 + ¢r, — qbsA) cos(d7 — 07)
Aar(Bs = ¢) = sin(2x) cos(¢r + ¢ — ¢5) cos(d7 — 67)

S(B0 — K*v) = sin(2x) sin(¢7 + ¢7 — 28 — qbdA — 2|Bs]|) cos(d7 — %)

C/
tan xy = C—7
7
B — K*(— Km)ete™
9)  S3 (m) Ao
‘ pleg>=2SS,A;>:E

comphmentary l2im P; = sin(2x) cos(¢r — ¢%) cos(d7 — 87)
q“—0
lim A(Tlm) = sin(2x) sin(¢7 — ¢%) cos(d7 — %)

q?2—0

20



the hadronic uncertainties

Included in the analytic/numerical form

vertex corrections involving matrix elements of current-current operators Qg ;
hard spectator scattering at leading order in A4/m,, from QCD factorization

weak annihilation at O(A/m, ) from QCD Factorization

Treated as errors and included in the error budget

QCD power corrections to spectator scattering involving Qg that are end point divergent
Contributions to weak annihilation and spectator scattering beyond QCDF computed in LCSR

Soft gluon corrections, specially to the charm loop that are numerically significant



results assuming SM

Observable SM prediction Measurement

10* X BR(B — X57)E,>1.6GeV 3.36 +0.23 3.43 £ 0.22

10° x BR(BT — K*v) 3.434+0.84 4.21 +£0.18

10° x BR(B? — K*) 3.48 +0.81 4.33+0.15

10° x BR(B; — ¢7) 4.31 4+ 0.86 3.54+0.4
S(BY — K*v) —0.023 £+ 0.015 —0.16 +0.22
Aar(Bs = ¢7) 0.031 + 0.021 Gt ———

(P1)(B° — K*ete™)0.002,1.12] 0.04 £ 0.02 —0.23 £0.24

(AF)(B® — K*ete )nan2.1.12)  0.0003 + 0.0002 0.144+0.23

From a fit done assuming SM

T, (0) = 0.300 = 0.020 for B — K*v,
T (0) = 0.264 + 0.022 for By — ¢ry .

LCSR
T1(0) = 0.282 + 0.031 for B — K*v,
T, (0) = 0.309 + 0.027 for By — ¢y,
LCSR + LQCD
T3 (0) = 0.312 £ 0.027 for B — K*v,
T1(0) = 0.299 + 0.012 for By — ¢ry.
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results for NP

Assuming NP in Re(C;) only:

«p _ [[~0.023,0.008] @ 68% C.L.
CNP ¢
(—0.037,0.024] @ 95% C.L.

03 02 o1 RBo(fgé) 0.1 02 0.3 Assumiﬁg Im(C7) ~ 0:
T Re CNP (1) —0.007 £ 0.016 1 010 021
] Re CéNp(ub) = | —0.003 + 0.039 p=1010 1 0.59
A _ Im C4 (1) +0.024 £ 0.070 021 059 1
SN up = 4.8 GeV
E
— global
/ —— branching ratios
03 76.2 76.1 010 ofl 0f2 : 0.3 ~03 7(‘).2 76.1 ofo 0f1 oiz 0.3 _ AAF (BS - ¢7)
Re(C2P) Im(C7") —  Skey

— (AF)(B° - K*%eten)
(P)(B° = K*%ete) )3




summary
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Thank you...!!




To my Mother and Father, who showed me what I could do,

and to Ikaros, who showed me what I could not.

“To know what no one else does, what a pleasure it can be!”

— adopted from the words of

Eugene Wigner.




