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The Z(D")) anomaly

- b—oqTU;
B b— qluy

!

Dy R

i ] i Current Current
Belle 2015 + Belle 2017 Obs. World Av./Data SM Prediction Significance
i BaBar 2012 4+ LHCb 2015 i
1.6 — Belle 2020 4 LHCb 2018 — R(D) 0.340 £ 0.030 0.299 + 0.003 1.20 }3.10
i 1 Average (pp+) . R(D*) 0.295 4+ 0.014 0.258 £0.005 2.50
= T : P;(D*) —0.3840.51757 —0.501 £0.011 0.20
N
g 1.4 Fr.(D*) 0.6040.08+0.04 0.455+0.006 1.60
E ] 4 1 R(Jip) 0.71+£0.17+£0.18 0.2582 + 0.0038 1.80
~ T I R(n) 1.05 4+ 0.51 0.641 4+ 0.016 0.80
x 1.2 -
S | R(D) 0.33740.030  0.299+0.003 1.30
g 3.60
I N I R(D*) 0.298 +0.014  0.258 £ 0.005 2.50

~

, | | Crucial to obtain reliable and precise
FB, M. Sevilla, D. Robinson, G. Wormser

- 'I' | [Accepted by RV arivi2101.08326] - SM predictions for such ratios
0-8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

050 075 100 125 150 175
R(D) / R(D)swm — Central for this: Knowledge of Form Factors (FFs)




New experimental Input & Updated BLPR

“BLPR” O(1/m,,, a)

Phys. Rev. D 95, 115008 (2017)
arXiv:1703.05330

Key Idea: Exploit expansion of B — D®) form factors into
leading and sub-leading O(1/m.,. ;) Isgur-Wise functions

l

h(w) = h(w)/€(w).

\4

lines: connection
w+1

lAl_;_ =14 OA(S |:CV1 + — (CVQ -+ CVS)] + (86 == Eb) il ) betWSefTves& 7

2
A L w41 e’
h_ = Qg 5 (CV2 — CVS) + (80 - Eb) L4 7

i:LAQ = Q CAQ + Ec ([:3 -+ zﬁ) )
}ALAS =1+ &S(CAl + CAg) + gc(l:2 - i/?, + f/6 — IA/5) + €b([A/1 — IA/4) ,
Falk, Neubert, Phys.Rev. D47 (1993) 2965-2981

Constrains full set of New Physics FFs &
FFs proportional to m,

Predictions from fit to experimental spectra,
lattice QCD and QCD sum-rule constraints
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New experimental Input & Updated BLPR

very precise measurement from Belle
of w ~ g* spectrum of B — D*¢£1,

Events

E. Waheed, P. Urquijo, et al.
[Phys. Rev. D 100, 052007 (2019)]

w




BLPR with new untagged D*

szl: FNAL D Lattice (Phys. Rev. D 92, 034506 (2015)) + Belle D +

L+ SR: All of the above + QCD Sum rule (SR) constraints

0.275 | | | |
2 _
- LWZl + SR A)( - 23 |
old BLPR
- prediction \ -
N /
= 025~ \~_._,/)'\ new BLPR
i prediction
including
untagged D*
B Belle meas. 7
i BLPR L,>1+SR (tagged D+D") i
BLPR L,>1+SR (tagged D+D" + untagged D")
| | | |
O'28.5275 0.3 0.325

R(D)

Lattice QCD
Fit QCDSR Belle Data
F1) fro1)  frolw>1)
Ly=1 — v v — v
L,=1+SR v v — v
NoL _ — _ - v
Data NoL+SR v — — — v
A Lle — v v v v
Ly>1+SR v v v v v
th:Ly>1+SR v v v v .
0.275 —
2 _
I Lys Ays=123
~ old —
/
A
Q 025 ~~__/ -
T ~ new
BLPR L1 (tagged D+D%)
BLPR L,>¢ (tagged D+D" + untagged D)
| | | |
0'28.5275 0.3 0.325

R(D)




Including 1/m?

M. Bordone, M. Jung, D. Van Dyk

EPJC vol 80, 74 (2020)

arXiv:1908.09398
order function f f(1) (1)
01
2
/
1 2 A3
/mQ /s
Us
U6
Use LCSR, QCD SR, Data to
constrain full set of 1/m?
1.2 it 2/1/0 f
fit 3/2/1 -4
10; 1 Lattice II
1 f  FKKM 2008 //
| 1 GKvD2018
" 081 l P 4
Z L
0.6 T }
ﬁ [
0.4;}_
~15 ~10 5 0 5 10

¢’ [GeV?]




Including 1/m?

BLPRXP

to appear
[arXiv:210X]

Exploring modified power-counting to reduce # of
l/mf contribution to a much smaller number

“brown muck”

Q 1/mQ

t|_ighta ) : q
anti-quar
9 \ ° 06—1 sea quarks
and gluons
g @e 7
Q ws

q

1/Aqep
Speculative Expansion in
Ansatz we Agep ~ Enuek > | Kiuek |

Kk /A
are exploring [ Kinueic |/ Aqen




Full @(l/mczb) matching of QCD to HQET:

o".

b

At second order only seem to enter
all other parameters being constrained by mass-splittings

Need to test if this expansion is fully applicable

In what follows: no rescaling to
G (1), #(1) from lattice



Preliminary BLPRXP Fit using the |k

muck

|/ Aqcp €Xpansion

1/my, .

1/m?

Ly>1 + 1/m? Ly>1+SR + 1/m?
X2 32.6 40.4
dof 29 33
V| x 103 38.5 + 0.6 39.0 + 0.6

p> 1.49 4+ 0.56 0.84 +0.23
x2(1) 1.00 £ 0.37 —0.06 &= 0.02
(1) —0.90 & 0.28 —0.01 £ 0.02
X3(1) 0.36 + 0.13 0.03 + 0.01
n(1) 0.29 + 0.03 0.29 + 0.03
n'(1) (0) —0.06 £ 0.09
(1) % —0.10 + 0.97 —0.52 £ 0.32
¢ (1) * —0.34 4+ 0.34 —0.54 £ 0.25

* = additional IW parameters that enter in the expansion

FNAL Lattice D
Phys. Rev. D 92, 034506 (2015)

;

1

00 105
w

1.10

115 1.20

0.95—
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560.857
0.80+
FNAL Lattice D
Phys. Rev. D 92, 034506 (2015)
0757660 108 140 115 1.0
w

N
o

— N W W
o o O O

dr(B->DIV)/dw[107" GeV]
- )

di(B->D*17V)/dw[107"° GeV]

—Oo O

o

o

Belle “tagged” |
Phys. Rev. D 93, 032006 (2016) |

Belle prel. “tagged” |
BELLE-CONF-1612, arXiv:1702.01521 |

Belle “untagged”
Phys. Rev. D 100, 052007 (2019)
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Preliminary BLPRXP #(D") SM Predictions

0.275 ‘ 0.275 ‘ ‘

- L, +SR+ 1/m? 1 - L+ 1/m?> w/oQCDSR

5 with QCD sum rules - L i

Q o025 n 8 o25- 4 ]

C = @

BLPR L, +SR BLPR L,z
 BLPR® L»1+SR+1/m.? |  BLPR® Loysq+1/mg2 |
I Ay*=23 | I Ay?=23 |
0.225 5 7e” 03" 0325 0.225 578" 03" 0325
R(D) R(D)
Scenario R(D) R(D*) Correlation
Loy>1 0.294 & 0.003  0.253 + 0.002 -18%
L,>1+SR 0.298 £ 0.003  0.251 + 0.001 22%
Updated predictions Lus1 + 1/m? 0.293 +0.003  0.256 = 0.003 8%
with 1/ mc2 terms L,>1+SR + 1/m? | 0.299 +0.004 0.252 4 0.002 43%
Data (HFLAV) 0.340 £0.030 0.295+0.014  —38%




FNAL D* Lattice Results
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results from FNAL/MILC on B — D* form factors [FNAL/MILC: arXiv:2105.14019]

1.3
BGL . . .y
fits to lattice data CLN 25; Intriguing deviation
0.9 attice QC ata ; .
¢ Lattice QCD Dat . ¢ Lattice QCD Data from HQET expectatlon!
0.8 ] 1
1 A 2+ Belle un+tagged + BGL (Gambino et al. *19)
1.1 — — - Belle tagged + CLN (Bernlochner et al. ’17) |
gg ( )
< “ .—.— HQET + QCDSR
< 0.7 = My
h 1.0 hA3 + m_BhA2 =
0.6 Al 4
0.9 /ﬂ/
0-5] FNAL/MILC: arXiv:2105.14019 . FNAL/MILC: arXiv:2105.14019
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5 Yo N 2 1.3
w ¢ w w
Scenario R(D) R(D¥) Correlation
Lattice prediction: R(D*)pat = 0.265 £+ 0.013 Ly>1 + 1/m2 0.293 £ 0.003  0.256 & 0.003 8%

Ly>1+SR + 1/m?

0.299 £ 0.004  0.252 £ 0.002 43%

h,, captures HQET dependence well; can try to include it into
fit and compare R, ,,(w) predictions

This work (preliminary)
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Preliminary BLPRX® with new FNAL hat

05— |
? LENALD a4 SR 4 1/m? |
0.90} ; w1 ¢ |
0.85}
=z : |
<080 f neluced
EE : ‘Al in Fi |
0.75} / I
0.70%
: FNAL/MILC: arXiv:2105.14019
066l -
1.00 1.05 1.10 1.15 1.20
w
0.275 ‘ | |
- Ay’=23  Prediction with new .
| FNAL hat |
8 o025 O ]
T
~ BLPR*® L,s1+SR+1/m,2 i
0.225 — - L

0.275 0.3 0.325
R(D)

1.5}

_ 1.4}
=

N
~—

T 43l

1.2}

16—

i

R LINALD I L SR + 1/m?
1 w>1

l

FNAL/MILC: arXiv:2105.14019

1.3

:\.O 1.1 1.2 1.3 1.4 1.5

- FNAL/MILC: arXiv:2105.14019

i

K,

HQET prediction: 7
Ro(1) ~ 0.98 — 0.427(1) — 0.54 (1) |
+ 1 /mc?terms
To explain FNAL/MILC need
negative 77(1), 7 ,(1)

\

{0 11 12 13 14 15 \

w

LIALP 4 SR + 1/m?



Summary & Outlook

@ Preliminary first results to update
BLPR to O(1/m,,1/m;, a,)

o

[—» BLPRXP)

Strateqgy: exploring if reduce large number of sub-
leading IW functions with novel expansion can be
obtained

Plan to include also BaBar synthetic data

® Extract |V, | x 10° = 39.00 + 0.56

from simultaneous fit to Belle tagged D, tagged
+ untagged D*, FNAL/MILC D + ha1 D*, QCDSR

— leverages D + D* exp. + lattice information

® Updated preliminary Z(D") SM predictions

FNAL D* h R(D) = 0.299 £ 0.004
L A1 4+ SR + 1/m?
i R(D*) = 0.252 = 0.002

R(D) =0.293 £0.003
R(D*) =0.256 = 0.003

FNAL D* hy,
w>1

+ 1/m?

Combines information from Belle D / D* meas.
FNAL D (full), FNAL D* ha1, with and w/o QCD sum rules

— 4,8 :I T T I T T T I T I T T T I I n
2 4.6 Exclusive [V | Ay? = 1.0 contours =
:g 4.4 E_ Exclusive IV | I:l\;:j::sléi}OU _E
Z: 4o :_ VIV IV, I: global fit _:
. E \:’ HFLAV Average E
4= -]
38 F =
36F =
3AE Ay =10 E
32F =
= HFLAV &
- .
2.8 F PG =89%
L L L I L L L I | F— I L L L I L L L I L .
36 38 40 42 44 X
IV, [107]

J‘ T T T 1T T T T 1T ‘ T T ‘ T 1T ‘ I L

Ay*=23

i HFLAV World Average :

0.3251 emmm e ]

L L S~ |

L / ~ ~ _

L { \\ _

L | \\ i

i 03— \ \ —

= y N

- . ~3.70 \ g

L \\ 1 _

0.275— / _

_FulFNAL/MILCD* /"~~~ _-7 |

i LINALDThat 4 fpy2 i

0.25— @ vl ‘ a

- N R Vs 1

0225 i ‘ I ‘ I ‘ I ‘ 11 ‘ I ‘ I ‘ I ‘ | \7
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