Charm-loop effects
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* charm loops in B decays: a short history
* charm loops in semileptonic B decays

* Theoretical estimates

* Phenomenological approach
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Charm loop in the effective theory

6
HEAA(AS = 1) — 4% {Au Ch (QY — Q%)+ Ca (QF — Q5)] — A [01625 + Q5+ Y CiQs + Ongg] }
| =3 4
| /

top loops in the SM give rise to penguin operators —
* non-perturbative matrix elements of local operators \
* a, suppressed matching conditions, small Wilson coefficients

charm (and up) loops appear as Wick contractions in the MEs
» dominated by the insertion of Q, ,, namely O(1) Wilson coefflcuem‘s

* easily produce intermediate real states,
i.e. rescattering, non-local contributions, -{
strong phases, etc.
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Non-leptonic b—s decays:
“charming” penguins

Colangelo, Nardulli, Paver, Riazuddin, Z.Phys. €45 (1990) 575
MC, Franco, Martinelli, Pierini, Silvestrini, hep-ph/9703353

Charm penguin is doubly Cabibbo-enhanced in b—suu transitions

* Threatened factorization of non-leptonic B decays in the infinite

o . Beneke, Buchalla, Neubert, Sachrajda, hep-ph/0411171
mass ||m|'|' - Tamed see also Bauer, Pirjol, Rothstein, Stewart, hep-ph/0401188

* Questioned the extraction of the CKM angle y from B — Krn decays (but
helped to account for the Kr and nr BRs and CP asymmeftries)

* Challenged claims of NP sensitivity of various non-leptonic B decays

. MC, Franco, Martinelli, Pierini, Silvestrini, hep-ph/0208048
- S'I'l” o be Tamed Beneke, Buchalla, Neubert, Sachrajda, hep-ph/0104110
Fleischer, Matias, hep-ph/9906274, ..
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courtesy of
C. Bobeth

Ul

Charm loop in B—-K*{£2

l
be—>s££ 7‘[8 +y + Hhad

l—l_ —4GF - 15 19 V2
Hsz T = - \/’ )\t (C7Q7’Y —|_ CQQQV _|_ C].OQ]_OA) (B~ K*~)—pole openéarmthreshold rie
Qry = - SMwSL0u " bR
Semileptonic decays have simpler hadronic MEs ot
emile e
P Qov = y — (5LyubL) (0y*0) |
Qe
H Qua = —(5L7ubL) (E4"7°0) .
i
Hadronic matrix elements
of quark currents:
B K*

FORM FACTORS*

*not discussed here
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BUT 4-quark operators also contribute to the ME. In the

Jdger, Camalich, arXiv:1212.2263;

helicity amplitude formalism, they appear in  yeirov. Nikitin, Simula, hep-ph/9807464

H, A = 4Cemn 5, {CTV, ) + 2k (22087, — 167, | |
h 2 _ EZ()\) d4 1qx K*T 7 Hhad B
@) = s ze " (KT jém (x) Heg (0) ] B)

B

» At small values of q2= m, 2, the H matrix element

N ’
Beneke, Feldmann, Seidel,

factorizes in the infinite mass limit . 5n 0106067

* Yet the "charming penguin” issues are present:
— how large is the genuine power-suppressed contribution?
— how much does it increase approaching the resonant

region where factorization badly fails?
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Taming the charm-loop

monster...
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An esfima‘re in 2 S'repsz Khodjamirian, Mannel, Pivovarov, Wang, arXiv:1006.4945

1. at g% «« 4m 2 the charm loop is dominated by light-cone dynamics.

One can write the ME [%""" 0] =20 010, @IB(+a).
where 0. ):/dwlﬂpag(q,w)smpa[w (m+D)] G.sb 1S @ hon-local
operator representing the first subleading term .../

of an expansion in A?/(4m 2-q%) (single soft gluon f - \ <

approximation), whose ME is computed using v
light-cone sum rules

.

vvvvvvvvvv

I ostimate of the hadronic contribution at small g2 < few GeV?
but large uncertainties (100%? more?)
no hard gluons, no phases, no scale and scheme dependence, ...
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2. extend the previous result to larger g2 using a dispersion relation,
modeling the spectral function (2 physical YO+ effective poles)

- oo

1—|‘r2z

) n AC(CC)(_Q) T1,i T2
Z 010500 | 1130
g2 0.0970:00 1127000
0.06%5% | 1.0555

J/Tr/l

but model dependence, no pert. gluons and phases: uncertainty ?

—LS I

AC, (¢c, B=K*, My)

| |
Lo [

Marco Ciuchini

q* (GeV?)

Khodjamirian, Mannel, Pivovarov, Wang, arXiv:1006.4945
10—

ACy (cc, B2 K", M;)
=

—10——
qz (Ge\?z)
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2010 — today

Step 1. no new non-perturbative calculation. However an hierarchy among

contributions in the helicity basis has been found
A ) b Jdger, Camalich, arXiv:1212.2263

h+NO<—

mp

Step 2: recent attempts to gain more control over the g2 dependence
improving the dispersion relation approach

1. new phenomenological model using resonance data over the full dimuon
Blake, Egede, Owen, Pomery, Petridis, arXiv:1709.03921,
SPCCTF'UH'\ see next talk

2. replace the dispersion relation with a z-expansion of h,, constraining the

P . eqs e Bobeth, Ch , Dyk, Virto, arXiv:1707.07305
coefficients using analiticity and obeth, Ehraaszcz, van Ly, ¥irto, arlv

1. resonant B — WWK* data (masses and amplitudes)
2. LCSR + QCDF theoretical results at small/negative g2
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C- I 00 p f rom ana Iy-r ' C ' -'-y Bobeth, Chrzaszcz, van Dyk, Virto, arXiv:1707.07305

Features:

* get rid of DD branch cut modeling by mapping it at the
boundary of the expansion region
* exploits the ) resonance data to constrain the expansion

Open issues:
* strong phases related to the DD_ cut in p? are taken from
LCSR and QCDF calculations. Are they reliable?

- 0 1 2__ e z expansion: no sign of
Re[al™]  —0.06+021 —6.77+£0.27  18.96 £ 0.59
Refel’]  —035+062 —313+041 1220134 CONvergence fOF‘ the
Re[a\”] 0.05 £ 1.52 17.26 + 1.64 - TypiCCll VC(|LI€S IZl"‘ 02_04
Im[a'")]  —0.21+2.25 1174358  —0.08 £2.24

Imfe{)]  —0.04+367 —214+246  6.03+2.50 NB: z expansion of FF at

Im[a!”]  —0.0544.99 4.29 + 3.14 - much smaller' values
Marco Ciuchini Towards the ultimate precision in flavour physics — 17 April 2018 — Warwick (UK) Page 10




Parametrizing the charm loop

Jdger, Camalich, arXiv:1212.2263
MC, Fedele, Franco, Mishima, Paul, Silvestrini, Valli, arXiv:1512.07157
+ preliminary update

2
H, = —z‘N{(CS’H +hL) Vo + TZQB EZ:’ (Ce® 4+ hO) Tr,— — 167%h2 q4”
- 2 19 - - -
H) = —iN{(CSH +hE) Vig + ”;23 [;ZZ’ (O + hY) Tro — 167 (hg + h§ q2>]}
+ - off 1 mZB 2Mp et 0 2 (1,0 12 2 4
Hf = —zN{(Og +hL) Vi + Z [m (C" + h2) Ty — 167% (). + Rl ¢ +h+q)]}
B

ACYD = % and AC{® = hl shift the corresponding
Wilson coefficients (as NP contributions do), while the
other parameters have no short-distance counterparts
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Fitting hadronic parameters

* Compute all amplitudes using QCD factorization and form
factors from LQCD (Bailey et al. '15) and LCSR (Bharucha,
Straub & Zwicky '15)

* add hadronic parameters and
— use LCSR calculation from KMPW at low g% (O and 1 GeV?) only (PDD)

or
~ extrapolate LCSR calculation to larger g2 using KMPW (PMD)

* fit all available experimental data using the |E33fit|code

* compare different models using IC' = —2log L + 407, .
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Ho o i '
. w?ffﬂmﬂm@wy SM flT Of The hA S

B—K*?¢ data accounted for by
| e IC =102 the hadronic contributions

AN
N
\\ —

A —— |AC,]| fixed by the KMPW value

N

Iy at q°=0

[h] % 10° = 3.38+352

Y| x 10°

|ACH
a, 7 Q,
R

1hY) x 10°
v dp s Y e Ay s % ‘o o Sy PR R IR s W Y o %o %ay %, PR -
@ éj/ iy/ 2/ ﬁ \\U/ / B
ij) 4444;}’_(:4444444444 5“
2 3 B :
’ i

Ih"| x 10°

I

No clear evidence for other
non-vanishing hadronic parameters

Future experimental uncertainties

A"

M-
Z@ a)j P

3 AR but interesting correlation
I |AC,| - h®

eﬁfﬁ: Q » ‘ ‘ iLLR«., /|hf3)\ ‘>< 10" = 1574092

E [ty

X [l 1 . . ]
= ; will be able to pin down the h®@'s
X =N ﬁ} P

%

MC, Coutinho, Fedele, Franco, Paul,
Silvestrini, Valli, in preparation
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[h$] x 10* = 0.52+032

\ preliminary

H‘H\ |ACH| = 0.02+00
T
L

PDD

W] x 107 = 6.631%
;

[ACq| = 0.96703

[RP] x 10° = 0.32+93

L

| x 10°

(2
o

|h

N

N SM fit projection

Central values fixed to the present
fit global mode

Experimental errors reduced by a
factor of 6 (202?)

Many coefficient can be measured,

even in the presence of NP (barring
AC, and AC)

AL

OIA0I0I0

Ih?| x 10°
% o Ve o
&
G
QY'
2
P @ @ @ T

o\/\4>
N G

Q° AY a7 ) FFF$ A AT A NN
B x 10t |AY) x 10° |ACH] A x 100 (R x 107 [AC| |h2] x 107

RSN MC, Coutinho, Fedele, Franco, Paul,
K] x 10° Silvestrini, Valli, in preparation
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NP in C,;* and C°

MC, Coutinho, Fedele, Franco, Paul, Silvestrini, Valli, arXiv:1704.05447 + work in progress

1
LFUV hints are not affected by hadronic parameters.. Cy + = 5 (Co.,, £ Cye)

Co_ =0.7970-%3 Co— =0.84703
PMD s i
IC =175 ' Jllﬁ IC =87
¥ AERIN

| Cos = —0.771031 i s | Coy = —0.835002

M : A | i _%H. i

4+ ° — 5 + ° m ' iy

s | s (@) )

A
R FAREN
Q-Q’ Q(’ xI-Q *\f’ Q> ;’ > Q° %;-3 xi-\b \f’ W /1’ /In" /:\ o N

91_ 9,_ CQ}‘{‘
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NP in C +*and C ¢

MC, Coutinho, Fedele, Franco, Paul, Silvestrini, Valli, arXiv:1704.05447 + work in progress

.. BUT the viable NP scenarios ARE! Crlo+ =

DN | =

Cio— = —0.697018 Cho- = =0.6515 1
PMD L fik
IC =125 ‘JﬁlH 1C°=389
| fﬁ i
¥ AL | Gy = =025
> _ ol
o & T
T //fﬂ - T i
O ] O ¢ fill
J 7 ol L
Nl - e . N - A N
A AT P A PG P S P
Clo,— Clo+ Clo.— Cho +
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Charm loop: dangerous
or - harmless?

A clear-cut non-perturbative calculation is not available yet

Combinations of QCDF, LCSR, analiticity and unitarity point to a
moderate effect with a flat g2 dependence in the region of interest.
Yet their ability to fully describe c-loop rescattering is questionable

Future data could be able to pin down hadronic contributions with no
short-distance counterparts (all but AC, and AC,)

LFUV signals are not affected, but their interpretation may be
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Backup
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Y1 101 = 3102348

IE

[h] x 10° = 0.60%0%2
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10F - ] S U JU U S DU N 3 10k ] LA U S SO SO A ]

B SMEHEPfit - PMD§ B SMEHEPfit - Pbbg
$  LHCb, 3fb ! ' ¢ LHcb, 3fb ! |

e e . e e o FETEETTE D |

3 4 5
¢’ [GeV?/c? ]
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dr

#sin’ Oy + I cos® By, + (I sin® By, + IS cos® B ) cos 26,

_ 9 (I
dq? d(cos 0;)d(cos 6;)de 327

+ 15 sin? 6. sin? 6, cos 2¢ + 14 sin 26 sin 26, cos ¢

+I5 sin 26, sin 6; cos ¢ + (I sin® @y + I¢ cos? k) cos §;
angular TLSIRBICOSe T e S Tk g €0 P

+1I; sin 26, sin #; sin ¢ + Ig sin 26, sin 26, sin ¢
analys IS + I sin? § sin? @ sin 2¢)

5= (109 109) /1
(21" = dU/dg* + dT' /dg?)

8 CP-AVERAGED OBSERVABLES

Fr,Arp,S345780

In the helicity amplitude formalism: (1., ~ 0)

c _ _gCc _ E 012 02
S S 3 — — C
Iy = 3= gF(IH&L\”\Hvl2+|HX\2+\HA\2), Ig = 0,
F _

F _ y _ .
Iy = —5Re[H{(Hy) +HL(H;)], I = SIm[(H+H)(Hy)" + (Hy + Hy)(Ha)'],
L = LRe (H + Hy)(HY)* + (HL + H))(HY*], Is = H i (Hy, — HY)(HY)* + (Hy — H)(HY)"]
4 = A 1% 1% 1% A A A ) 8 A Ly \% \%4 A A A )

F — * — ES F B —\ % —\ *

I; = JRe[(Hy — HY)(HA)" + (Hy — HD)(HY)], Iy = JIm [H (Hy)* + Hi (H;)"]

We need to compute few helicity amplitudes: HA

Marco Ciuchini

A=0,+
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NP IN C.* AND C,°

PDD
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09, +

+0.31
—0.31

NP
9

<

PMD

IC=172

NP
9, —

Cy,
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>
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NP IN C.* AND C,*

NP _ +0.44
Cy,, = —1.16 7154
T T

(IT) - PMD ! (IT) - PDD
ICc=171 ; IC =169
L Or = 0.26°92

>~ '\«’L Qb‘ Q’IQ IQI‘b‘ QQ) ‘\"L
o Co Clo
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NPINC,, C, o

(VI) - PMD (VI) - PDD

NP . NP _ X
N = 164707 Cyy = —142703

° I10=173 ° ! 10=172

»
»

Cal = 17340

CaP = 13141

NP

&

NP
Cye

NN

Yo Ys % s
S z
=
S
D

*

0.125

Oy, = 0197957
7

N
% %
|
3
+
NP
Ciou

(0.123 0.163 0.57
—1.03 10
>
as v
=g
S . |
o
0.074 -0.161 0.757 he 0.261
> O & > A N~ o S 58 9 & O Y 2 o & .6
/Qe S EE 2T FORP RN LN A
NP NP NP NP NP NP
C; Cou Coe Cio Cioe Cuoy
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FUTURE PROJECTIONS

* Choose a theory setup (SM or NP; rising or non-rising charm
loop)

* Generate experimental results from current best fit point in the
given setup

* Assume future exp errors scaling LHCb statistical errors to
50/fb (roughly /6) and including Bellell estimates

* Fit parameters from generated data

See also Hurth, Mahmoudi, Martinez Santos & Neshatpour '17;
Albrecht, Bernlochner, Kenzie, Reichert, Straub, Tully '17
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SM PROJECTION

0.5]

B SM@HEPfit - PMD
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———@—— mean and std. dev.
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NP _ +0.10
Cy, = —1.217)
T T

T

NP PROJECTION
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NP PROJECTION

NP _ +0.13
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T T

Proj.- PDD
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ZPW2018, Zurich, 15-17/1/201
8

Luca Silvestrini

160

140

120

100

80

60

40

20

Immm smallest 62.7% interval(s)
I smallest 92.1% interval(s)
smallest 99.5% interval(s)
o) global mode absh p 2
——@—— mean and std. dev. =
. Entries 240000

I|l|l||||||||

00

Mean 8.343e-06
RMS 3.355e-06

x107°

PRELIMINARY!



NP IN C.* AND C.¢

NP _ +0.27
Cy,, = —1.5875
T T

(I) - PMD
1C=172

NP _
C9,u -
T

146108

(I) - PDD
1C=169

NP
CQ,e
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NP IN C.* AND C.¢
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T T
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NP IN C.* AND C,°
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NP IN C,, C, * AND C,°
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