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Introduction: the B! K*uu decay
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* Historically a key channel for indirect search for NP

NP

*x Br below SMexpectation [JHEP 06 (2014) 133, JHEP 09 (2015) 179, JHEP 06 (2015) 115 ]

+ coherently in all bt sppdecay modes

% PsQanomaly [JHEP 1308 (2013) 131, JHEP 02 (2016) 104, PRL 118 (2017)11, 111801 ]

Are these hints of NPE ?

or

is there a problem with

the understanding of
QCD?

In this talk we present prospects for present and future
experiments to disantangle the two effects!

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017



e 2\ Universitat
1> Zirich™

Controlling the charm loop

* EFT! general model-independent parametrization of NP

G
L=Locp + Lgep + %ZQ(H)Q(H)

+ possible sources of NP included in G

+ Non-local hadronic contribution from SM

difficult to reliably quantify from first principles

x Parametrization introduced in arxiv:1707.07305v1
[see talk by J. Virto]

*x The angular distributions can be described by

the gz-dependent K* amplitudes (! =! ,",0)
AP = Ny (Cg! Cio)Fi (0P) + ZmQL\AB Cr A (f) " 167#%% (o)
— b .
Non-local both will be
Wilson coeff. . —» | extracted from
contribution data
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[see talk by J. Virto]
The parametrization (in a nutshell)

How to parametrize the correlator H ?

<+ Taylor expansion around z=0 [after mapping: ! Z(g?)]

10 zzy, 11 22 )
+ Extract the poles:  Hy(x)= —— 2 v =" “2@S) 15 ()
) 2V zyy 2b zZyes) i :
19, (2) analytic within unit circle |Z]| = 1  ee————ps- 19, (z) = 17 R (2)
k

What do we know about the correlator H ?

TABLE |. Mean values and standard deviations (in units of

, , 10" #) of the prior PDF for the parameters ! !,
<+ Experimental constraints:

k 0 1 2
+ B! K*{J/", ! (23} branching ratio by Belle Rel ') 1006+ 021 677027 1896+ 0.59
and angular observables by BaBarand LHCb ~ Re[}’] 1035:062 !313x041 1220+ 134
, _ Re[l 9] 0.05+ 1.52  17.26+ 1.64 P
- Theory constraints: Im[t )] 1021+ 225 117+ 358 | 0.08+ 2.24
+ the ratios Hi (¢?)/Fi (¢°) are theoretically Im{! (7] 1004+ 367 | 2.14+ 2.46 6.03+ 2.50
computed for 2<0: {-1, -3, -5, -7}Ge\? Im[! @1 1005+ 4.99 429+ 3.14 )

N We can use these information as priors J

for the # (K parameters in our fit
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Amplitude fit

Universitat

We perform a g?-unbinned amplitude fit:

. 4
<+ gignal p.d.f.= 1 d”!
Jnatb | dg2 d"

+ Cut hadronic expansion at order ZZ;
+ 8 complex parameters ! @, 18,

, ’01 ’01
(9o must vanish for g2= 0)

+ two g2ranges: [1.1, 9.0 & [10.0, 13.0 Ge\?
» also tried [1.1, 8.0 & [11.0, 12.5 Ge\?

current analysis ranges:
+ LHCb: [1.1, 8.0] & [11, 12.51Ge\? [1]
[1.1, 8.8] & [10.1, 12.9Ge\? [2]
+ Belle: [1.1, 8.0] & [10.1, 12.9e\? [3]

Additional constraints to the fit:

| (@)
12,

4[m(W)°

[1] JHEP02(2016)104

[2] PRL111(2013)191801
[3] PRL118(2017)11,111801 [6] JHEP0610,081(2006)

+ the BR is gaussian constrained separately in the two regions [4]:

multi-variate gaussian priors on #; ®

<
+ multi-variate gaussian priors on form factors [5]
<

gaussian constraint to CKM parameters [6]
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NP sensitivity

We define a “BenchMark-Point” (BMP) scenario for NP: C98MP = COSM -]

+ C7and C10fixed at their SM values

+ generate 4k toys and perform the fit

+ extract the sensitivity to non-SM C9 for present and future
experiments (LHCb and Belle-II)

+ no experimental effects (resolution*, efficiency...) ]
Sensitivity to be understood

# no S-wave pollution as upper bound (stat. only)

[see Langenbruch et al.’s work, arXiv:1708.04474v1]

*assuming a “naive” constant resolution for ! q_2 of 9 MeV [PRD95,071101(2017)]
has a negligible impact on the sensitivity

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017



Prior knowledge on the # ® parameters
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So far we used theoretical and experimental prior knowledge on the ! =) parameters

%+ When using priors the fit is able to extract additional information
+ uncertainties a-posteriori are smaller than a-priori

LHCb Run2
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Prior knowledge on the # ® parameters
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So far we used theoretical and experimental prior knowledge on the ! =) parameters

% When using priors the fit is able to extract additional information

+ uncertainties a-posteriori are smaller than a-priori

Can we perform the analysis without any prior?

LHCb Run2

@ @ AT A\
A .

S 5 o) DD
2 *\0 *\G’h*\ﬁ'h *\0' *\0) *\G)*\G’b‘ *\0' *\0' *\Q)*\Q)‘

Yes!
When removing the priors the fit converges and

we are still able to disantangle hadronic from NP effects

RN
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Sensitivity to higher order in z

So far we cut the expansion of 19, (z) after 22
<+ This introduces a model dependence

+ Priors for 22 would require complete NP analysis

Still we try to study effects of expansion up to Z°:
+ Toys genereted with # &) = 0w » but # © free-floating in the fit

+ Fitted without theory priors on # ®)

We find:

i a(oz!3) | 5.10°° - No sensitivity for #,® < 5 103

s Col 1 Co', =0.17 Co resolution worsen by a factor 3 with the Z3
z z terms

# 1(G)',5s =068 vs 1(G)',, =0.17 Possible solution: combined NP

analysis of theory results, hadronic
decaysand B! K*uu

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017
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NP sensitivity: projection

N
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Assuming the parametrization
of [arxiv:1707.07305] is good
description of nature
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Lepton Flavour Universality test

+ Recent non-standard measurements of LFU ratios (Rk, Rk+) suggest a possible LFU
violating NP explanation to b SHpanomalies

+ LFUV, if exist, must be observed also in angular analysis

+ We can perform a simultaneous fit to muons & electrons
+ all parameters shared except for Wilson coefficients

We define: #C9 = CoW - Cco©

What are the prospects for
a measurement of a LFU

violating #C97

We investigate the NP scenario:

COW +1 = C9® = CHM (NP only in muons)

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017 11
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Lepton Flavour Universality test

+ Recent non-standard measurements of LFU ratios (Rk, Rk+) suggest a possible LFU
violating NP explanation to b SHpanomalies

+ LFUV, if exist, must be observed also in angular analysis
+ We can perform a simultaneous fit to muons & electrons
+ all parameters shared except for Wilson coefficients

B" K*eedecay:

We define: #(C9 = C9(”) - C9(e) + worse experimental resolution due to
bremsstrahlung

LHCb + analysis limited to the g2range:

What are the prospects for [1.1, 7.0 Ge\?
a measurement of a LFU o
. . Belle-Il + optimistic case:
V|O|at|ng #Cg? + same number of pand ein
the region between J/* and
" @9
We investigate the NP scenario: + pessimistic case:
+ No ein the region between
COW +1 = C9®= C9M (NP only in muons) J" and " g
+ sensitivity lowered by ~1.5%
at 50 ab
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#C9: LHCb/Belle-Il sensitivity
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«» oSmearing of electron resolution (compatible
with [JHEP 08, 055 (2017)])

+ results in a shift of the value of C9® put
doesn't affect #C9 resolution
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#C9: future prospect

+ Prospect for #C9 based on B" K*upand B" K*eeexpected yield in LHCb and Belle-II

+ Belle-ll dashed line assumes the inclusion of B" K*Z*|l decays (roughly double the
number of events)

| —] U) | —
S Ef —uo 4 [fit with 22
s S Bellell / _
O >r Bellell (incl. B# K**II) : _
= ; :
c © F : : -
5 = [ i
» Q[ 5 ;
© ®© [ : =i
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2020 2025 2030

year
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Combined C9, C10fits

+ Many model allow NP contribution in both C9and C10

+ Prospect for a combined fit to C9, C1Qusing (only) the B" K*upandB" K*ee
expected yield for LHCb-Runlland Belle-ll
+ projected C1( sensitivity to Bs" UJis overlaid as reference

+ Assumption: NP only in CO®

LHCb Run-II Belle-ll [50ab?]
e - o !2r— T -
- B" K* : , - O n e _ _ .
'2.5F EB" Koo fitwith 2| 4 2'25F He fit with 22| =
! 35_ _E !35_ I:IB" K *ee _E
1 3.5 - 1 3.5 =
pI= = | 4f =
| 4.5F - 4.5 =
| 5F- = | 5F- =
5.5 - 5.5 =
| 6E N T N B | S R T .
3 A 5 6 3 4 5 6
ReC9 ReC9
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Conclusion

<+ We presented the prospects for future simultaneous determinations of NP shifts to

C9 and non-local hadronic effects in the decay B" K*up

% Results crucially dependent on present knowledge of hadronic correlator from
arxiv:1707.07305

<+ The current dataset available at the LHCb experiment might provide a large
statistical significance to NP, assuming our NP scenario

<+ Capability of extracting information on the hadronic correlators from data-only,
without any priors

<+ Motivation to perform combined theory+experimental analysis in LHCb/Belle-Il soon

“+ Simultaneous fitto B" K*upand B" K*eedecays can allow to explore LFU
breaking hypothesis

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017 16
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Problem with priors for z3 coefficients

+ theoryatg2<0
+ B" K *uu data (C9 dependent)
+ B"K *{J"" es}

+ priors for Z2Zare constructed from:

+ theory
+ hadronic
+ NP independent

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017
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+ priors for Z2are constructed from:
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+ hadronic
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Intro: parametrization

<+ The differential decay rate can be expressed by separating the angular and q2
dependencies

8 d*$ _
3 dcf dcosb, dcosbk dp

(J1s + Jos COSP, + Jgs COSH, ) SinZHk

+(J1c + Joc €COSD, + Jgc COSH, ) COS Ok

+(J3C0S 2 + Jg Sin 2¢) sin®fx sin6),

+( J4 coS¢ + Jg Sing) sin 26k sin 26,

+(Js cos¢ + J7 Sing) sin 20k siné,

<+ The angular observable can be described by the qz—dependent K amplitudes (! =!,",0)

Wilson coeff. Non-local contribution

N (N

| M
AP =Ny (Co! Cio)Fi (0F) + ZmQLVIB Cr A (o) " 167T2m—B7{! ()
b

I N

Normalization Form factors
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Projected number of events
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LHCb

Muons

[1.1, 9.0] Ge\? [10.0, 13.0] GeV?

Electrons

[1.1, 7.0] Ge\? [10.0, 13.0] GeV

Runl + 2016

Run2
Upgrade

Belle-11

[1.1,

2330
4570
40620

Muons

1200
2360
20980

9.0] Ge\? [10.0, 13.0] GeV

265 -
520 -
4660 -

Electrons

[1.1, 7.0] Ge\® [10.0, 13.0] GeV

5ab 1
12 ab 1
24 ab 1
36ab 1
50 ab 1

425 175
1020 420
2045 840
3070 1260
4260 1750
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780
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100
245
490
740
1025

21



C9 bias
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Cg bias [10 ?]

l l l
20000 40000 60000

BO! KO! u+ u"
Nsig
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Prior knowledge on the # ® parameters

So far we used prior theoretical and experimental knowledge on the on the ! »(K) parameters

L—-» Can we perform the analysis without any prior?

Yes!

<+ When using the theory priors the fit is able to extract additional
information ! uncertainties a-posteriori are smaller than a-priori

<+ When removing the priors the fit converges and we are still able
to disantangle hadronic from NP effects

Of course we got a

worse resolution in C9 LHCb Runi + 2016 dataset

250 " T~ T T T T T T T T T T T T T T T T

2 B ++ mean = 3.2920  0.0024 | - 2 1.0E 33078200050 11
- 200E- sigma = 01587  0.0017 | 3 > - NoO theory sigma = 0.2754 +0.0036 | ]
: . 100: constraints |/X
150 — 80F
: theory :
100k constraints o0
- 40F
50 N
: 20F
O- . . 0%
25 3 3.5 4 4.5 2 2.5 3 3.5 4 4.5

C9 C9
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Prior knowledge on the # ® parameters

L HCb Run1 + 2016 dataset LHCb Upgrade

2250— T T T — gZSO_—'I"'I"'I"'I"'—_
..9 ++ mean = 3.2920 + 0.0024 E ..9 B + mean = 3.2732 + 0.0011 ]
Z' 200 sigma = 0.1537 £0.0017 | - Z 200 sigma = 0.06430 * 0.000'7_:
150F
Theory :
: 100
constraints -
50F
Qb NN . , o .
2.5 3 3.5 4 4.5 3 3.2 3.4 3.6 3.8
Co C9
2 ™ T T T T T 7 2 C T T ]
3 C — ’ 3 250 — —
= 120 mean = 3.3078 + 0.0050 || et C mean = 3.2726 + 0.0013 | -
= sigma = 0.2754 + 0.0036 | ] Z - + sigma = 0.07608 + 0.0009 1:
200

150F

No theory
constraints

100F

50f
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N. pseudo-exp.

N. pseudo-exp.
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oull of alpha parameters
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120F 3 8 10f 3 2 wof =
1005 E ;' 100F- = ;' 120F- E
80F- = 80F- = 128 = E
60 E °OF E 60F- =
40 E 40 E 40F- =
20 - 20 = 20 3
0 - ) . 0 n ) L 0 E ., L 3

4 "2 0 2 4 4 "2 0 4 "4 2 0 2 4
Im(t $2,) pull Re(! i) pull Re(! {o,) pull
180 ;_ I ' ' ' ! ' ' ' ! ' ' ' ! ' ' ' I _; Q- 180 ;_ I ! ! ' ' ' ! I _; O- 180 E_ I ! ! ! I _E
160 ;— ## {:0.09 +0.02 —; 5; 160 + H:0.07+0.02 3 $ 160 f_ + + W:0.04 +0.02 _f
140F- #:118£001 -§ 140F- #:1012001 3 -§ 140E- #:111:001 3
120F- 1 § wof 3 8 wof E
100 -4 = 100F - Z 100F =
80F- = 80F- = 80F- =
F E 60~ = 60F- E
a0 = 40F- = 40 =
20 E 20f- = 20F- E
0 " ) L L . . 0 C | L L ) - 0 [ . L L . - :
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N. pseudo-exp.

oull of alpha parameters

- I | ' | ' ' ' | ' ' ' I = [ I | ' | ' | I =
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oull of alpha parameters
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180
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N. pseudo-exp.
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