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MEASUREMENTS IN b — ¢7> SECTOR FIT RESULTS BEFORE MORIOND’19 FIT RESULTS AFTER MORIOND’19

Lepton Flavor Universality Violation: The flavor ratios In this global fit [8], we take all the data which were avail- After Moriond’19, the world averages of Rp-R7, are closer
mediated by b — c7v transitions are able before the recent Rp-Rp- results announced by Belle at to SM. The NP solutions allowed by the present data are
o The ratios Ry = D(B — D®7p)/T(B — D™ p), | |Moriond’1d.
(I = e, ,u).me.asured .by BaBar, Belle and LHCb experi- NP tYP e Best fit value(s) X2 |
ments [1] indicate evidence of lepton flavor non univer- NP tvpe Best fit value ( S) 2 main
sality. These results disagree with the Standard Model YP Xmin SM C ; = 0 21.80
(SM) prediction at 4.1¢0 level. SM Cz = 24.70 C 0.10 0.02 A5
V7, : T U. :
e In 2017, LHCb measured R;/, = TI'(B. — OVL 0.15 = 0.03 0.1 /!
n 20 ; = O —0.34+0.08 | 5.7
/Y1) /T(B. — J/¢Yur) and found it to differ from the ol 052 +0.10 59 L
SM prediction by about ~ 1.70 [2]. SL ' - ' ( g g ) (O 27 () 35) 4.3
. - VARV :
e Belle presented updated results on Rp-Rp+ at Moriond CVL ) CVR (O 177 005) 4.5 C C 0.14.0.25 A5
2019. Here, for the first time, they reconstructed the C/ / (O 19 _006) 49 ( VRrs S L) (_ y y e ) y
T lepton. These results are consistent with the SM [3]. Vi Vg ’ (_() 1 17 ()22) 3.9

SM reduces to 3.10 which is still significant.
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(O 17, —0. 12) 4.5 ar/e S’Flﬂ viable. Hc?wever, the values of CYy,, CVI}’ Cg, and
Cg, in these solutions are close to zero. Also Oy, = Oy, .

(—O. 1 7, 042) 4.0 Hence these four solutions are now essentially equivalent to
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03 NOTE: The tensor solution [9, 10] which was allowed before violates" B(B, — 77), we have included it.
| the measurement of D* polarization fraction, is now ruled 3. We got a small tensor (C = —0.06) solution witha y2,, =
0.25 * Bleta.. = —— \out at the level of 50 [8]. \8.() which is disfavored in view of goodness of fit.
Bellel7
0.2 + Average of SM predictions m i
| IE%BZ?:%?S%SZOZ?S&I T’PF;;Q)QZZS;;?, . METHODS TO DISCRIMINATE THE NP OPERATORS
- - > > R(D) Angular observables are the standard and powerful tools to discriminate between the NP operators [11].
. NP type PT(D*) fL(D*) AFB(D*) QQ[AFB(QZ) — O] GeV2 B(B — TV)
Angular observables: The following two angular observ- SM —0.499 +0.004 | 0.45+0.04 | —0.011 + 0.007 5.7 2.15 x 102
ables are measured in 5 — D" decay: Cy, —0.499 £ 0.004 | 0.46 £0.04 | —0.011 £ 0.007 5.7 250 x 10~ 2
e Belle collaboration has measured the CgL —0.493 =0.003 | 0.44 =0.05 —0.062 = 0.010 6.8 1.14 x 10~ °
T polarization fraction P, (D*) — o7 7 —>—
. —0.494 = 0.005 | 0.47 =0.04 0.027 = 0.008 5.0 7.93 X 10
(PAT:—|—1/2 — F/\T:—1/2) / (FAT:—H/Z T PAT:—l/Z) with ( Sp’ SR)
a very large -statistical error. This measurement is (CVR, CSL) —0.5260 = 0.004 | 0.45 = 0.04 —0.061 == 0.006 6.7 2.23 x 1079
consistent with its SM prediction [4]. (Cvy, Csp) | —0.468 £0.005 | 0.47 £0.04 | —0.023 £ 0.006 5.8 0.12

e Recently Belle has also measured the longi-
tudinal D* polarization fraction fr(D*) =
Cape=0/ Tape=0 +Tape=1 + T .=—1).  The mea-
sured value is ~ 1.60 higher than the SM prediction [5].

NOTE: Neither the 7 nor the D* polarization fraction has any capability to distinguish between
the allowed solutions listed above. The zero crossing point of the forward-backward asymmetry

Arp(¢®) and the branching ratio B(B. — 77) together can uniquely identify each NP operator.

\_

e The Argp is defined as A r(q°) -
1
e [ aedeost, — 7, g deost. |
The effective Hamiltonian for b — ¢7 v (assuming neutri- |
v B cry ( . 5 e The bands of Arp(¢?) for the SM and Oy, solution are
nos are left-handed) at a scale A = 1 TeV is given by [6] , L
00l exactly overlaped with each other.
Hoyp = 4G\1;§Vcb Ov, + e \f - Z (C O, + C(’ ”)O(’ ”)) % | o The zero crossing points of App(¢?) are:
FVeb L N |
- A4 | < -0 | 1. ~5GeV*for (C§ ,C% ) solution,
B SM [ ] :
Operator Fierz Transform % > “ViL % 2. ~5.8GeV? for Cy, and (Cy,,, Cs,,) solutions,
Ov, (CyuPLb) (" PLv) -0.20 WL W(C' ,Clsg) | 3. ~6.8GeV* for C¢ and (Cy,,Cs, ) solutions.
Oy (€Y Prb) (T PLv) * j
R H W (Cy_,.Cs ) M (Cy,.Cs,) _ . L
Os (cPgrb) (TPLv) o 4 VR VSL VR'YSR’ + e B(B. — 7v) ~ 2% for Cy, solution whereas it is > 10%
—_ 03 T S T T S N [ T (O Y S T (YN SO T Y Y N RO NN NN SO B s .
Os, (ePrb) (TPLv) . . : A ; ‘ . ” for (Cy,,,Cs,) solution.
O cat¥ Prb P . r e
/T (C(i Lb) (TUZ Lv) q2 e It is more difficult to distinguish between Cg and
OYL (T PLb) (C’Y“P LV) Ov, (Cyy,Cs, ) solutions. It requires the measurement of
O}/R (7. Prb) (e Prv) _%OSR B(B. — Ti) at the level of 1075.
S (TPrb) (cPrv) 1 —§C’)VR1
, D
St (TPLb) (cPLv) —50s5, — §OT \
Oflr (7_'O"W/PL ) ((_3 ,uI/PLV) —GOSL -+ §OT
O%R (fvp_bPRcC) (by* Prv) —12(’)5R
Sk (T Prct) (b°Prv) . 3 O0v, , P datain b - lies that five disti [1] Heavy Flavor Averaging Group, https:/ /hflav.web.cern.ch.
/! — ¢\ (he _1 1 t aat —> CTV t that tinct
SNL ISZP LCC) ([2 Prv) 2 Os, + §OT y 1\;.‘Iejésenl t.a 4 m A ngy >eC tOE mp tles ¢ a ¢ Ve dis mCl [2] R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 120 (2018)
S OF | (Tot Prct) (b0, Prv) —60g, — 507 1Owes((i) utions wi ifferent Lorentz structures are al- no.12, 121801
| [3] A. Abdesselam et al. [Belle Collaboration], arXiv:1904.08794
* As the tensm.n.m Lp-Fip- haS. be?n come down to [4] S. Hirose et al. [Belle Collaboration], Phys. Rev. Lett. 118 (2017)
3.10, the coefficient of Oy, solution is now reduced by no.21, 211801
2 . .
We*p erform a X* ﬁfﬂto tl.le.flve Observal?les fip, fip-, RJ./ v 33%. [5] K. Adamczyk [Belle and Belle-Ill Collaborations],
P, (D*)and fr(D*). The fit is done by using the CERN mini- Xiv1901.06380 Th
mization code MINUIT. The 2 is defined as e The operator Oy, has the same Lorentz structure as the ALALV:LFUL. [hep-ex].
SM. Therefore, its predictions for all the angular observ- [6] M. Freytsis, Z. Ligeti and J. T. Ruderman, Phys. Rev. D 92 (2015)
(Ch) = Z (O™ (Cy) — Oexp)T ¢ (0™ (C;) — 0P ables are the same as those of the SM. no.5, 054018
: : 9 _ 7] A. G. Akeroyd and C. H. Chen, Phys. Rev. D 96 (2017) no.”,
. . . e The zero crossing point of Arp(¢°) and B(B. — 7v) 075011
where C is the covariance matrix. are powerful tools to distinguish between the five solu-
We perform three types of fits: Hons [8] A. K. Alok, D. Kumar, S. Kumbhakar and S. Uma Sankar,
. . | ' arXiv:1903.10486 [hep-phl.
* Fit-A taking only one NP operator ata time. e To measure App, the reconstruction of 7 momentumis | | [9] A.K.Alok, D. Kumar, S. Kumbhakar and S. Uma Sankar, Phys.
o Fit-B taking two similar NP operators at a time. necessary. This is difficult but this challenge should be Rev. D 95 (2017) no.11, 115038
Eit.C takine two dissimilar NP . ot taken up. [10] A. K. Alok, D. Kumar, J. Kumar, S. Kumbhakar and S. Uma
e Fit-C taking two dissimilar NP operators at a time.
5 P e Also B. — tv is quite sensitive to NP. In present and Sankar, JHEP 1809 (2018) 152
For each of the above fits, we allow only those NP solutions future experiments, it should be tested with a good ac- [11] A.K. Alok, D. Kumar, 5. Kumbhakar and 5. Uma Sankar, Phys.
\for which x2 . < 5aswell as B(B. — 7)) < 0.1 [7]. _ curacy. . Lett. B 784 (2018) 16




