Caltech

Current anomalies

in semileptonic B decays into charm:
Global EFT analysis

Clara Murgui

In collaboration with Martin Jung, Rusa Mandal, Ana Penuelas and Antonio Pich

3rd June 2021

10th International Workshop on Charm Physics (CHARM 2020)






Accessing High Energies

Construction of

Super colliders




b-c
/ +mm'.lwaos L S
>
trang hont
Belle-T

o — /
: /LH“




Anomalies in b — ¢ transitions

[Based on Refs. 1904.09311 and 2004.06726, in collaboration with
Martin Jung, Rusa Mandal, Ana Pefiuelas and Antonio Pich.]
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Anomalies in b — ¢ transitions
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Anomalies in b — ¢ transitions
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Anomalies in b — ¢ transitions

Pattern of deviations in B-meson decays involving b to ¢ transitions

pointing to “the same direction”

_ B(B = DWri,) -
0 RD(*) = B(B - D(*)KDE) 3.10 b C

HFLAV, up to date

0 R _ B(BC — J/\IJTDT)
= B(B, — J/ W)
LHCb, 2017

Ry gy, ~ 0.25 — 0.28

=0.71£0.17 £ 0.18

> PP =_-0.38+£0.51702]
Belle, 2016
Po(D*) gy, = —0.499 £ 0.003

9> FP" =0.60+£0.08+£0.04 §H39
Belle, 2019




Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
pbety _ 72F 21+ Cy )Ov, + Cy Oy, + Co Og, + Cs, Os, 4+ Cr O] +hec.
Scalar LQ)
bVT
SLQ:(\ <C
U’Z'
: (ev* Prb) (£, PrLue), Ov,|= (€v* Prb) (£, PLvye),
: (EPR[))(ZPLVQ), : (¢ Prb)(£ Prvy),

= (co"” Prb) (ZJWPLW),



Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
Hboety _ 72F 21+ Cy )Ov, + Cy Oy, + Co Og, + Cs, Os, 4+ Cr O] +hec.

e Assumptions:

o> EFT @

Ov, |= (e4"Prb) (L~ Prvy),
= (C Prb)({ Ppvy),
Ol = (EJ“VPLb)(ZO'W/PLVg),

ol



Bottom-up approach

e Most general effective dim 6 Hamiltonian:
4G

Hle)f?)cel/ — W Cb[(l —I— CVL)OVL —I— CVR OVR —|— CSR OS’R —|— CSL OSL —|' CT OT] —|— h.C.

e Assumptions:

o> EFT @

I:> New physics only in the third generation
NP effects negligible in b — c(e, w)p, ) analysis  [Jung, Straub, 1801.01112]

Ov,|= (e PLb)(T v PLvs), Ovy |= (7" Prb)(T v PLv-),
OSR — (EPRb)(’i_' PLI/T), : (EPLb)(?PLVT).

= (co™ Prb)(T o, Prv,),



Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
Hle)f?cﬁl/ — TQF cb[(l + CVL)OVL + C/MVR + CSR OSR -+ CSL OSL -+ CT OT] + h.c.

e Assumptions:

o> EFT @

I:> New physics only in the third generation,
I:> Cvy, lepton flavour universal = Cy, ~ 0

,04
Y, ECVR+O<A4 )
NP

Assuming SMEFT and no significant effect from NP in b — c(e, )y, ) [Jung, Straub, 1801.01112]

OVL — (E/VMPLb)(% /YMPLVT)v OVR — (E’VMPRb)(% W,LLPLV’T)a
Os,|= (€Pgb)(7 PLv,), [Os, |+ (¢ PLb)(7 Prvs).

= (co"™ Prb)(T o Prvs),



Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
Hle)f?cﬁl/ — TQF cb[(l + CVL)OVL + C/MVR + CSR OSR -+ CSL OSL -+ CT OT] + h.c.

e Assumptions:

o> EFT @
I:> New physics only in the third generation,
I:> Cvy, lepton flavour universal = Cy, ~ 0

I:> CP conserving W.C.

Fitted complex W.C. without significant improvement

OVL — (E/VMPLb)(% /YMPLVT)v OVR — (E’YMPRb)(? 7#PLV7)7
Os,|= (€Pgb)(7 PLv,), [Os, |+ (¢ PLb)(7 Prvs).
= (co"™ Prb)(T o Prvs),



Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
Hle)f?cﬁl/ — TQF cb[(l + CVL)OVL + C/MVR + CSR OSR -+ CSL OSL -+ CT OT] + h.c.

e Assumptions:

o> EFT &

I:> New physics only in the third generation,
.0.f.

I:> Cvy, lepton flavour universal = Cy, ~ 0

I:> CP conserving W.C.

OVL — (E/VMPLb)(% /YMPLVT)v OVR — (E’YMPRb)(? 7#PLV7)7
Os,|= (€Pgb)(7 PLv,), [Os, |+ (¢ PLb)(7 Prvs).

= (co"™ Prb)(T o Prvs),



Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
7_[le)f?cey — TQF ev[(1+ CVL)OVL + CSR Osp + CSL Os, + CrOr| 4+ h.c.
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e Inputs:
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P Rp-

=> I'(B — D™r7,)
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Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
\/§ cb

7_[le)f?cey — [(1 T CVL)OVL + CSR OSR + CSL OSL + CTOT] + h.c.

e Inputs:

=> Rp
b T b 4
> R sl

c
=> I'(B — D™r7,) 7\<D _

B — DYrp B, — 10




Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
7_[le)f?cey — TQF ev[(1+ CVL)OVL + CSR Osp + CSL Os, + CrOr| 4+ h.c.
e Inputs:
I:> Rp e Bc lifetime:
T = Br(B. — 70;) < 30 — 40%
I:> D~ [Alonso et al., 2016]

e Bound LEP Z peak:
[Akeroyd et al., 2017]

=> (B — DYri,)

|:> B, — 0. = Br(B. — 70;) < 10%




Bottom-up approach

e Most general effective dim 6 Hamiltonian:

4G
7_[le)f?cey — TQF ev[(1+ CVL)OVL + CSR Osp + CSL Os, + CrOr| 4+ h.c.

e Inputs:

7> Rop

5> Rp-

5> I'(B - DWro,)
0> B, — T,

D FP’



Fit-independent analysis
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Fit-independent analysis

e Inputs:
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Fit-independent analysis
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Global Fit: inputs

e Most general effective dim 6 Hamiltonian:

4G
\/§ cb

7_[le)f?cey — [(1 T CVL)OVL + CSR OSR + CSL OSL + OTOT] + h.c.

e Inputs:

D Rp
D Ro-

=> (B - D™r7,)

2 2 2
7, X = Xex T XFF
|:> B. — 10, p
0> FP Rpy Rpe 2 d.of. 10 d.o.f.

'(B — D) 58 d.o.f.
FLD* 1 d.o.f.



Global fit: Form Factors

O(a, 1/my,., and partially 1/m?)

lc
n?
©
: : Parameter Value
Model—mdepen.dent inputs p 139 £ 0.06
(No use of experimental data) ; 1.20 + 0.12 f(q2) 5 0(24)
d —0.84 £0.17
5> Light-Cone Sum-Rules x2(1) | —0.058 +0.020
Xh(1) 0.001 + 0.020
=> QCD Sum-Rules Xa(1) 0.036 =+ 0.020 O(1/mep)
7' (1) —0.03+0.11
11(1) 0.14 +0.23 ] 2
lo(1) 2.00 4 0.30 O(1/me)




Global Fit: Goodness of the fit

e Standard Model (VC;=0)  y&,=65.5/57 d.o.f.

|:> )(I%D’ R = 22.6/2 -» Reproduce the well-known tension!

Belle
60 BaBar
: |
, £ 40
|:> Xy = 43154 3
9 > 20
. . . D ]
Conservative uncertainties J NS R . [ = 7 _—h:
Misleading y* contribution T | B
2 6 8 0 2

Quality of the fit: Pull w.r.t. the SM




o SM:

e New Physics:

Global Fit: Results

x3, =655/57 d.o.f.

2
)(minl

=341 /%.3o.f.

2
to =151,

> _
Zniny = 386133

10%

0.97
0.6]
0.3]

—-0.31
—-0.67
-0.9r1
—1.271
— 1.9

P Min 1

1 Min 2

1 Min 3




Global Fit: Results

o SM: X2, = 655757 d.o.f.

e New Physics: Kimg = 341 /%{50_f. Konin2 = 37'5/21.30.1:‘.

& :

2> _ - 2
Xminlb = 37.4 /ds.él'. £ Amin2b 40.1 /ds.(é)l-.f.

10%
0.97 | | |
0.6F | | o | m Min 1
0'3_ ce | I I . .
.O II : .:ll :“.. mm Min 1 ,w/F;
| | | 1 Min 2
-0.31 | Al B | .
—0.6F ® | | | 1 Min 2 ,w/F;
~0.9r : : : =0 Min 3
~1.21 | S |
_1.5¢t . | | . |
Cy, Csp, Cs, Cr



Global Fit: Predictions
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Global Fit: Predictions

7 %,
o _ BB~ J/Vri) o _ Blhs = AcTi)
I T B(B, = T/ Vi) b T B(Ay — Aoliy)

1. 0.5

0.45+
o Min 1
| = Min 1 ,w/FF” 0 I
. 5 0.4}
| Min 2 Q

o Min 2, w/FP”
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Global Fit: Results

o SM: X2, = 655757 d.o.f.

e New Physics:

-0.15-0.10 -0.05 0.00 0.05 0.10 0.15 0.2G

10% c

0.97
0.6]

0.31 II

—-0.31
—-0.67
-0.91
—1.271
—1.5¢C

e s B Min 1, Pre-Moriond '19
m Min 1, Post-Moriond 19




What is going on?

e Theory assumptions:

=> EFT

I:> New physics only in the third generation
I:> C'y,, flavour universal

I:> CP conserving W.C.

e Iixperimental measurements

An unidentified or underestimated systematic uncertainty...



What is going on?

e Theory assumptions:

=> EFT

I:> New physics only in the third generation of leptons

I:> C'y,, flavour universal

No significant improvement of y?

I:> CP conserving W.C.

by promoting the W.C. to be complex

e Iixperimental measurements



What is going on?

e Theory assumptions:

=> EFT

I:> New physics only in the third generation of leptons

EW breaking is non-linear?

I:> C',, flavent Universal

I:> CP conserving W.C.

e Iixperimental measurements
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What is going on?

e Theory assumptions:

New light d.o.f.

I:> New physics only in the third generation of leptons

I:> C'y,, flavour universal

I:> CP conserving W.C.

e Iixperimental measurements



What is going on?

e Theory assumptions:

=> EFT  New light d.o.f.
[C. Bobeth et al., a month ago

I:> New physics only in the third generation of leptons ??

I:> C'y,, flavour universal

I:> CP conserving W.C.

e Experimental measurements

An unidentified or underestimated systematic uncertainty...



What is going on?

e Theory assumptions:

=> EFT  New light d.o.f.

I:> New physics only in the third generation of leptons

I:> C'y,, flavour universal

I:> CP conserving W.C.

e Experimental measurements

An unidentified or underestimated systematic uncertainty...




Bounds on Br(B. — 1)

Resurrection of the scalar candidates ?

B(B. — 1) < 10% B(B. — 1) < 60%

w N A

12 — CVL
= 10 = Cvy
[
: = Csp
s 0 - Cs,
~
= 6 — CT

4

2

BR(B; -] /ytvV)10°

[Akeroyd et al., 2017] See discussion in [M. Blanke et al., 2019]



Implications of new measurements?’

Speculating...]
Cr=0 Cr =0.04 Cr = 0.08 Cr = —0.04
04l iy 0.4f [ T 0.4f v 0.4} BEaa
_ = = - e l"
Or Or i o | A Ors i
< S w7y < \ oy S \
S -0.3 S ol Sl © -oa L © o4
~0.6} . C NN \
\ _0.8f —0.8f\\ | _0.8|
i W W N L AN m { T S A
~1.0 -0.5 0.0 05 1.0 ~1.0 -0.5 0.0 0.5 1.0 -2 -1 0 1 2 -1.0 -0.5 0.0 05 1.0
C'P OP C’P Cp
] pY dl’ /dq? I R p+ B.(B = 1v)
Belle-I1 5ab ! 50 ab~!
Rp- (£3.0£2.5)%  (£1.0£2.00%
PP +0.18 4 0.08 +0.06 & 0.04

My guess: FP ~15% I:> 5%



The EFT approach journey

K‘X
79, \V

<

R(J/W), R(Ay)??
‘ LFU in e and,u Ll




Thank you!



SLIDES



Global Fit: Goodness of the fit

e P-value

e Pull [# of standard deviations]

Pullgyr = prob(Ax?, An;)[o] = V2Erf ' [CDF (A2, An;)]



(Global Fit: New Physics interpretations

Energy
Spin Q.N. Nature | Allowed couplings SMEFT WET
ANppR = = = = - - 0 | S1~(3,1,1/3) | LQ | g5l drusy, uer | Cy,,Cs,,Cr | Cy,,Cs,, Cr
SMEFT 0 | S5~(3,3.1/3) | LQ gl Cv, Cv,
04 Otedg: Ofpns O, 0 | Ro~(3,2,7/6) | LQ |  wle, dien Cs,, Cr Cs., Cr
0 ~(1,2,1/2) | SB | qidr,lrer, Urqr, | Csgr Cs, | Csp, Cs,, Cr
I | Vo~ (3,2,5/6) | LQ | diyulr. e Csi Cspy
I ~(3,1,2/3) | LQ | @yvule.dryuer | Cvy, Csy Cv,. Csp
1 | U3~ (3,3,2/3) | LQ TR’ Cy, Cy,
1 W/, ~(1,3,0) | VB RO TR Cy, Cyv,

e Effect of the running between WET and SMEFT W.C (A =1 TeV)

Cv, (u) = —1.503 CVL (A),

Cs, (up) = —1.257 Cg (A) 4 0.2076 C,(A),
Cs,(1p) = —1.254 Cg,, (A,

Cr () = 0.002725  Cg (A) —0.6059 C; (A).




(Global Fit: New Physics interpretations

Energy
Spin Q.N Nature | Allowed couplings SMEFT WET
Anpl - = = = - - 0 | S1~(3.1,1/3) | LQ | gt dgusy. uSer | Cv,.Cs,. Cr | Cy,.Cs,. Cr
SMEFT 0 | S5~ (3,3,1/3) | LQ @Gl Cv, Cv,
O, Opedg, OfR) 1 O 0 | Ro~(3,2,7/6) | LQ wRlL, TEeR Cs,, Cr Cs,, Cr
0 | Hy~(1,2,1/2) | SB | qidr. lrer. irqr | CsyoCs, | Cspo Csyn Cr
I | Vo~ (3,2,5/6) | LQ | divulL. ehuar Cspy Csy
I | U~ (3,1,2/3) | LQ | qrvule.dryuer Cv,, Csy Cy,, Csy,
I | U3~ (3,3,2/3) | LQ qlL Cv, Cy,
1 W, ~ (1,3,0) VB Crvulr, QLY Cy, Cy,
e Global minimum:
Cv, = 0.097077, Cs, =0.14%5¢2,  Cs, = —0.207005,  Cr = 0.00775:044

e New gauge mediator: W' ~ (1,3,0)

~

(ryuver)(@ry*dy)

= My, = 0.22 TeV

(sequential W)




Global fit + v

B(B. — tv) < 10%

ANL ANZ vall] val2] V-

e Motivated scenarios:

CY/; + All RH

®[2] ®+LH U U'4+LH R,
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Global fit + v
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Global fit + v

e Preferred scenarios:
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e Preferred scenarios:
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