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Experimental status of Ry,

Effective Lagrangian approach in Ry

Models of NP in Ry

Interpretation: Sign of LFU violation?

Any signature at higher energies at LHC?




B physics anomalies: experimental results # SM predictions!

charged current SM tree level

BR(B — D®rv.)

R x) —
N0 = BRB S DO,

3.90

BR(B. — J/¥Tuv,) 13 Sept. 2017

= 0.714+0.17 £ 0.18
BR(B. — J/Ypuv,) s LHCb result

FCNC - SM loop process

2) P in B — K*/ﬂL,u_ (angular distribution functions) 3o

3) R B ['(B — K(*)u+p_) in the dilepton invariant mass bin
KO T(B o K®ete™) 1GeV2< ¢ <6GeV> 5,0
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Belle, PRD94,072007(2016)

AX2 = 1.0 contours

= SM Predictions

R(D)=0.300(8) HPQCD (2015)
Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)
[ ] Average R(D*)=0.252(3) S. Fajfer et al. (2012)
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B physics anomalies: experimental results # SM predictions!

charged current (SM tree level)

R BR(B — DWrv,) ‘o
D) — .90
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BaBar had tag
PRI 88 (2013) 072012
0332+ 0024+ 0018

Belle had tag

PRD 92 (2015) 072014
0293+ 0038+ 0015
Belle SL tag

PRI 94 (2016) 072007
0302+ 0.030= 0.011

Belle 1-prong
PRI 118 (2017) 211801

0.270 £ 0.035+ 0.027

LHCb muonic
PRL 115 (2015) 111803
0336+ 0.027 + 0.030

LHCb Preliminary 3-prong
LHCb-PAPER-2017-017
0.285= 0.019+ 0.029

LHCDb Preliminary average
0306 £ 0.016 = 0.022

Fajfer et al. (SM)
PRD 85 (2012) 094025
0.252 = 0.003
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Belle

40 Belle
BaBar

B->D'tv

Momentum transfer distributions, A. Cellis et al,1612.07757



Belle: 1608.06931

T polarization
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Standard Model

LHCb R(J/p)

LHCb-PAPER-2017-035 = i
0.71 £ 0.17+ 0.18

SM predictions

PLB 452 (1999) 129
arXiv:hep-ph/0211021
PRD 73 (2006) 054024
PRD 74 (2006) 074008
Range 0.25 - 0.28
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lepton universality using charmed-beauty

meson decays.

BR(B. — J/¥1v,)

BR(B. = J/Yuv,)

=0.71+0.17 = 0.18




Exclusive semileptonic B—>D lv, decays

2 2 2 2
L F mpyp — mp L, 9 mp—mp ., 9
(D(P')|evub|B(p)) = (Pu + P — 7z th) Fi(q°) + 7z auFo(q”)
2)|
* B—> D tv,.scalar form factor contributes! necessiry to know Fo(q*)!
O AL BRI B L T
* massless lepton: only vector form factor <= o5 < .
contributes. 3
& 06 - -
* mostly HQ approach useful; 5@ o4
= UL ~
o B—Dtv
* perturbative corrections + HQE s o2q .
(Nierste et al, 0801.4938, Tanaka & N R\
Watanabe, 1006.4306); 0 2 4 6 8 10 12

- complete information comes from — lattice QCD; Mescia& Kamenik, 0802.3790
Tanaka & Watanabe,1006.430

Faller, Mannel &Tyrczyk
*cancel: R 1105.36796

B(B — Div) Nierste, Trine & Westhoff,
0801.4938

* in ratio uncertainties B(B — Drtv)




B — D*tu.

q2

T, _GilVallple (1 m%)zx

dgdcosf  256m3m%

(1 —cos0)2|Hyy|* + (1 + cos0)?|H__|* + 2sin? §| Hoo |*+

m2

q

S.F., J.F.Kamenik, NiSandzi¢, 1203.2654

S.F. J.F. Kamenik, I. NisSandzi¢, J. Zupan, 1206.1872
Korner& Schuller, ZPC 38 (1988) 511,

Kosnik, Becirevic, Tayduganov, 1206.4977

D. Becirevic, S.F. I. Nisandzic, A. Tayduganov,
1602.03030, Fretsis et al, 1506.08896, ....

—é’((sin2 O(Hyy|* + |H__|*) + 2|Hos — Hoo cos 0|2) :

S. Faller et al., 1105.3679,
Sakai&Tanaka, 1205.4908.
Biancofiore, Collangelo,

DeFazio 1302.1042,

R.Alonso et al, 1602.0767,Bardhan
et al., 1610.03038....



2mp

HM (%) = (mp + mp-)A1(¢®) F p|V(g?),

mp + mp=

SM/ 2 1 2 2 2 2 4mp|p > 2
Hso (q7) = (mp —mp. —q°)(mp +mp=~)A1(q°) — As(q”)
o) ( mp + Mmp-«

HgtM(QQ)
Recent progres: talks of Gambino
and Wingate, LmC 2017!

Ro(w -
Aol®) = 28y, (w) 12
R 2
R f*) ha, (w) = Axlg )RD w+ 1
2 w , * ,
As(q°) = ha,(w) = 2 2 2
Rp. B _ mp+mp, — ¢
V(d> Ry (w) W =7vB-Up* = 2mpBmpsy
(4%) = ——hay (w)
D*

—

Caprini et al., hep-ph/9712417 Bigi, Gambino, Schacht 1707.09509

Rp+=0.260(8)
Gambino et a.l, 1206.2296



How to approach to anomalies?

* |sthe anomaly SM or NP?

* First step at low energies: to construct effective Lagrangian which
might explain experimental data;

* Find new particle which can mimic effective Lagrangian;
Check all other low energy flavour constraints, check electroweak observables,
include LHC direct searches for NP;

e Make consistent model of NP!




Effective Lagrangian approach for b — CT Vrdecay

SM

L,

V],

o T

V],

If NP scale is above electroweak scale, NP effective operators have to respect

SU(3) x SU(2), x U(1)y
4G

1
Hepr = —=Vacy, Prb,vy"Pp 1+ —%;¢;,0;

V2
(cyuPLb) (77" PLv)

(¢y. Prb) (74" PLv)
(¢Prb) (TPLV)
(¢PLb) (TPLv)

(co” Ppb) (Tou,Prv)

=

A

Freytsis, Ligeti, Ruderman 1506.08896
S.F. J.F. Kamenik, I. NiSandzi¢, J. Zupan,
1206.1872

NOVR



Operator Fierz identity

Allowed Current

é‘»Cint

Ov, | (eyuPrb) (Tv*Prv) (1,3)o (9qqLT"qL + gelr Ty L)W,
Ovgp | (eyuPrb) (T7"PLv)
Os,, (cPrb) (TPLV) ) ) o _
Os (EPLb) (7Ppv) (1,2)1/2 (AaGrdr® + AuqruriTed' + Aelrerd)
L
Or | (co"” Prb) (Tou, Prv)
~ 7
Ov, | (FyuPLb) (" Prv) < OVL< (3,8)215 ATt
Oy (TyuPrb) (c¥" Prv) <— —20s, >(3, 1)2/3 (A qryule + A dryuer)U"
R
OiqR (?PRb) (EPLI/) —— _%OVR )
OfgL (%PLb) (EPLV) > %OSL %OT (372)7/6 ()\ﬂReL +)\qLiTzeR)R
Oép (?U“VPLI)) (EO'IWPLI/) +— —6OSL + %OT
Ov, | (FyuPrc’) (V4" PLv) <«— —Ovy,
OV, | (TyuPrc®) (b°y*Prv) <— —20sp (3,2)5/3 (ANdRvlr + Aqryuer)VH
O%| (P FPr) oy ( (3,33 NLireTiLS
OL, | (FPue) (0°Pv)  +— —40s, + 107 >(3’ s (ALimals + Auen)S
L
O&lﬂ (7_'O'MVPLCC) (I_JCO'/WPLV) — —6OSL — %OT

From Freytsis, Ligeti,and Ruderman, arXiv:1506.08896

Comment: neutrino SM-like!



Do not forget: FCNC - SM loop process

P. in B — K*/fr,u_ (angular distribution functions) 3o

B(B — K:u:u)q2€[1,6](}e\/2

Ry = = 0.745 £9079 £0.036
B(B — K@@)q26[1,6](}ev2 2 4G
B(B— K 2 oV2
Rll?i, _ ( :u:u)q €[0.045,1.1]GeV — 0.660 igé%g 1+0.024

B(B — Kee)q2€[0.045,1.1](}e\/2

B(B— K .
Rogutral — ( A ReLoiGeV? _ o oo 0113 40,047,
B(B — [(vee)q2€[1.1,6](}e\/2

2.20-2.40



R¢ and Ry« and New Physics

Altmannshofer, Stangl, Straub
1704.05435

-

Cl = —Ct = —0.64

—0.81, —0.48]

Similar values obtained by Capdevila et al., 1704.05340

In agreement with Hiller, Schmaltz, 1408.1627, 1411.4773
fit from R




Do these deviations suggest Lepton Flavour Universality violation?

» Can flavor physics resolves puzzles relying on the existing SM tools?

» QCD impact: knowledge of form-factors!

How well do we know all new/old form-factors? Lattice improvements?

» Are SM calculations of the existing observables precise enough?

» B physics puzzles indicate lepton flavor universality violation in

semileptonic decays: t/pu and p/e(?)!

nt and K physics: tests of LFU conservation holds up to 1 percent level for all three
lepton generations. Experiment and SM expectations — excellent agreement!



Effective Lagrangian approach: NP in third generation

Feruglio, Paradisi, Pattori, 1606.00524; Battacharaya et al., 1412.7164;

Glashow, Guadagnoli and Lane, 1411.0565 NP couples preferentially to third
generation.

For NP scale above electroweak scale, SU(3) x SU(2), x U(1), at low energies should
be respected!

Lnp = % (@3.7"as1) (Canyulsr) +
% (@327 %qs31) (C3rv,m31)
up = Vyur,  dp = Vady  ViVa=V,
v, — U.vp, e, — Ueer,
Different proposal with h t; by Choudhury, HNP = A1 (QorvuLsr) (L3 Qs1)

Kundu,Mandal, Sinha, arXiv:1706.08437 b Ay (Qoy 1. Qs1) (FrA TR)
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from Feruglio et al, 1606.00524
color regions are allowed

1.10

1.05

Effective Lagrangian receives one-loop
induced RGE contributions of order
y,2/16m*and e?/16m°.

* |eptonic couplings to W and Z
vector bosons are modified.

* quantum effects generate also a
purely leptonic effective
Lagrangian and corrections to the
semileptonic interactions

the experimental bounds on Z and t decays significantly constrain LFU

breaking effects in B-decays,



Search for a model with mediators in the TeV range;

Buttazzo, Greljo, Isidoria, Marzocca 1706.07808
 exemplify the general EFT results - search for a model with mediators in

the TeV range;
* coloured scalar or vector leptoquarks and colour-less vectors.

SU(2),-singlet vector leptoquark emerges as a particularly simple and
successful framework!

Observable Experimental bound Linearised expression
R7L. 1.237 £ 0.053 1+2Cp(1 = ALV /ViE) (1 — AL, /2)
ACH = —ACt | —0.61£0.12 [36] —mAﬁuAgb(CT + Cs)
RiC 1 0.00 = 0.02 207(1 = M,V / Vi) Ny
Broys 0.0+ 2.6 1+ gaemv;b%;ch (Cr — Cg)AL (1 + A
5g% —0.0002 = 0.0006 0.033CT — 0.043C
5gZ —0.0040 % 0.0021 —0.033Cr — 0.043C5
Y /gl 1.00097 £ 0.00098 1 —0.084C7
B(r — 3u) (0.0£0.6) x 1078 2.5 x 1074(Cs — C7)*(X%,)?




0.06F
0.045-
0.025—
S 0.00f All test passes SU(2),-singlet vector
leptoquark (3,1,2/3)

~0.02}

~0.04}

—0.06k
—0.06 —0.04 —0.02 0.00 0.02 0.04 0.06

Cr
1
Ly = — §ULWU1’W + MEUL UL + gu(JhUL, + hec)
J[/} = Bia Qif}/'uLa .

Helps to know: according to Asad, Fornal Grinstein
1708.06350;
proton decay at tree cannot be mediated by U(3,1,2/3).



Models of NP for Ry

Spin Color singlet Color tripet
0 2HDM Scalar LQ
B/parity - sbottom
1 w’ .7 Vector LQ
S.F. J.F. Kamenik, I. NisSandzi¢, J. Zupan, Scalar or Vector LQ
1206.187; Buttazzo et al, 1706.07808,

2 HDM: Celis, Jung, Li, Pich 1612.07757, Vector LQ: Greljo et al, 1708.08450
1210.8443; Calibbi et al, 1708.00692
W’: Greljo, Isidori, Marzocca,1506.01705

SUSY with R-parity violation

Scalar LQ: ] . . Altmannshofer et al, arXiv:
e.g. LQ: Dorsner, SF, Greljo, Kamenik., 1704.06659

KosSnik, (1603.04993),
Crivellin et al, 1703.09226



* 2HDMII cannot explain Ry

 New gauge bosons, W’, Z’- difficult to construct UV complete theory

Leptoquarks?

Nature of anomaly requires NP in quark and lepton sector!
It seems that LQs are ideal candidates to explain all B anomalies at tree leve!

NN

A N
| |



Leptoquarks as a resolution of B anomalies:

LQ

Brief “history” 4

1) 1974 Salam & Pati: partial unification of quark and leptons —four color charges,
left-right symmetry;

2) GUT models contain them as gauge bosons (e.g. Georgi-Glashow 1974);
3) Within GUT they can be scalars too;

4) 1997 false signal et DESY (~200 GeV);

5) In recent years LQ might offer explanations of B physics anomalies;

6) LHC has bounds on the masses of LQ,,LQ,, LQ, of the order ~ 1 TeV.



Leptoquarks in Ryand Ry

Suggested by many authors: naturally acoomodate LUV and LFV
color SU(3), weak isospin SU(2) , weak hypercharge U(1) Q=l; +Y

SU(3) x SU(2) x U(1) | Spin  Symbol Type 3B+ L
(2.3 1/3) 0 S LL(SE) )
(3,2,7/6) 0 Ry RL(S{),), LR(S{},) 0
(3.2.1/6) 0 Ry RL(Sf,). LR 0
(3,1,4/3) 0 S, RR (SF) —2
(3,1,1/3) 0 S1 LL(S), RR(SE), RR —2

(3,1,-2/3) 0 S1 RR —2
(3,3,2/3) 1 Us LL(VE) 0 |
(3,2,5/6) 1 Vs RL (V{j,), LE (V) —2

(3,2,—-1/6) 1 Vs RL(V{5,), LR —2
(3,1,5/3) 1 U, RR(V{) 0
(3,1,2/3) 1 U, LL(VE), RR(VY), RR 0

(3,1.-1/3) 1 U, RR 0

F=3B +L fermion number; F=0 no proton decay at tree level (see Assad et al,
1708.06350)

Dorsner, SF, Greljo, Kamenik Kosnik, (1603.04993)



One Leptoqgaurk resolving both B anomalies:
(3,2,1/6)

Tree level solutions for Ry » and Ry b\\//u b\\/T_

Right-handed neutrino introduced LQ (3,2,1/¢ A A

Msu|* + | Mpol?

Becirevic et al, 1608.08501
passes all flavor constraints but leads to R«>1!

(3,1,-1/3) destabilizes proton!

Bauer&Neubert, 1511.01900 ¢ ¢

Rp(+)at tree level Ry(+) at loop level

+ muon anomalous magnetic moment

Betirevi¢ et al, 1608.07583 - troubles with charm, K, leptonic decays and B — D™e(u)v



Two LQs solution of Ry sy and Ry

(31311/3) + (3111_1/3)
Crivellin et al, 1703.09226

* (3,3,1/3) alone has a proper structure according to effective Lagrangian -
it couples to only left-handed quarks and leptons.
* jtleads to to large contributionin B — K® o

00 _ """""""""" S'caiar' LQ I_:
Buttazzo, Greljo, Isidori, Marzocca -0.2}
1706.07808 : _ _043_
Cg=—-C,—-3C3, Cp=0C—Cs S
* radiative corrections to Z > tt,wW Il; _O'6f
observables are enhanced by the factor of = ~0.8}
implying a ~ 1.50 tension in Rp) 10:
o ] ]

Potentially large su coupling disfavored by Ds/K—s pv 19 L1 1.2 1.3 14



SU(5) GUT with (3,3,1/3) + (3,2,1/6)
DorSner, SF, Faroughy, KoSnik

* GUT possible with light scalar LQs within SU(5) if there are 2 LQs
(DorSner, SF, Greljo, Kamenik, KoSnik 1603.04993) ;

* LQS,;, if accommodated within SU(5) does not cause proton decay;

* Neutrino masses might be explained with 2 light LQs within a loop
(DorSner, SF, KoSnik, 1701.08322);

Our proposal S3 and Ro

X XX
Ly \ /
: H \\ // S
R2—1/3 /’_‘_\\ S, S§/3 Rg/:% /’_y_\\ 33—2/3
A As ’ &
// \\ // \\
/ \ VL / \ VL
- ® - ® - - ® - @ -
VLo gt d yit,ygt v ys" R ) N

one-loop neutrino mass mechanism within the framework of GUT



Our proposal S3 and R2

Ls, =—yi;ds vl S5 — V2y;dS el S5°+
+\/§(V* )igus v Sy — (Vy)igag ey Sy + he.

~ / —7: i p—1/3
Textures:

0O 0 O 0 Viosysu + ViiUou Vis¥sr + Vi Unr
y= |0 Yspu Yst | » V=10 Vsysu‘i’vbyb,u VsyST"f’V;l;be
0 Yo Yor 0 VisUsu + VipUbu  VisUsr + VigUnr

00 O

y=10 0 ysr

0 0 Ybr



S3(3,3 — 1/3)

three states 55/37 53_1/3, 53—4/3

Rn+ can be explained by rescaling the SM value, (tree level contribution
Dd—2/3
of Sy

4G R

Lepgy, = /2 (Vepoer + chb;ek)(ELW’“LbL)(ZL%VIIi)
2
L v *
. = — V C .
Geb:ee 4m%3( Y ) LYoo

following Freytsis et al,
(1506.08896) fit at 1 o

YbrYur ~ —O.4(m53/TeV)2




|
|
1~4/3
S/
Ry can be explained by S, :
S
2
T v
Cog = —Cio = ~_ YbulY
‘/tb‘/tsa g o %3

Yo, € [0.7,1.3] x 1073 (mg, /TeV)’

RQ has right-handed couplings which
have negligible effects



Constraints from flavor observables Constraints from LFV

B. — v (g—Q)M
B— KYup T = Wy

0 _ R0
s, Ge) 1T
B — Duvy, T — K(m)u(e)
K — uv, K — pue
Dd,s — 7, pv B — Kpue
K — muv,

T = [

W — v, T — bvv N
Z — bb t— clte~

Becirevic et al, 1608.07583, 1608.08501
Alonso et al, 1611.06676,...



3.0/ e
NS S S IR
25
"‘ RD(*)
S; coupled to the muons only 20 iabosmu
215 : RS, ]
‘(‘::‘:\
10
0 0 O
=10 0 LHC bb ]
y ys,u 0.5 = = el P
0 You 0 \
o0
0000 0001 0002 0003 0004 0005 0.006
Ysu

Rp IS resolved in hatched (2 o) and doubly hatched (1 o) regions,
the b - suu puzzle is resolved in dashed-hatched region at 1 o.

Region below the black line with a hatching is in 1 0 agreement with Ru/e .



0.05-

0.00-

~0.05

00 O 7

y=10 Ysu Yst = _0'10__
0 You Yor

~0.15

-0.20

A)
OO0
/.?."

AL

~025

Fit to the mg; = 1TeV scenario with four free couplings. R4, is resolved within
hatched (20) and doubly hatched (10) regions. Region to the left of the dashed
line (hatched) is in 10 agreement with R, and R* .. Am_ prefers (at 20) a region
on the hatched side of full line. Red and orange regions are 1 o and 2 o results
of the fit.



SUSY with R-parity violation

0.35F
2 0.30f
Altmannshofer, Dev, Soni 1704.06659
0.25r
the 3rd generation of sfermions to be light
0.20t.

/ /%
ik mnk | —
Eeff D) _wr mnk [

U Y ' Vindnryud;L
2m3~
kER

+ eéemrYreir (ﬂLVCKM)n Y (V(]]LKMU’L> .
J

— VmLfy”eiLJanyu (V(}LKMUL)j + h.c.]

/ /%
ijk\mjn

2
2mﬁjL

emrY eirdkrYdnr

B-Kvy Bonvy B R, +Rp H 5o

N Zcouplings 7 tdecays

0.40F"

HFAG

0.2 0.3 0.4 0.5 0.6

A333=09, 15,5 =-0.05

direct searches



GUT Pati-Salam Model for U,(3,1,2/3): explain Ror» Ry (8-2),,

* DiLuzio, Greljo, Nardecchia 1708.08450,
gauge group SU(4) x SU(3)" x SU(2), x U(1)’

* anew colored octet, a triplet and three SM singlets; Their masses ~ TeV
region

M, = 1.3 TeV nd M, = 1.9 TeV.
>
Rps)

* in the minimal setup two generations of quark and lepton SU(2), doublets,
mixing with second and third generation SM fermions; a c/s partner with m/
=740 GeV, a b/t partner with m;/; = 1.7 TeV, a p/vu partner with m,, =740
GeV and a t /vt partner with m .= 1.3 TeV.




* Calibbi, Crivellin and Li, 1709.00692; gauge group SU(4) x SU(2),x SU(2)g,
new vectorlike fermions (3 generations), one more Higgs;

K, pe and K - mtpe in PS model: strong constraints on the scale PeV;
they make scale teV possible!

Mixing among SM-like and vector-

wh e QLo Quli b like fermions, the leptoquark
couplings to flavour are non-
Vig By 1, Wy By 1, Wiy .
universal.

Couplings to the other gauge
bosons (specially B - L)

LD Ky q_q;LV“PLEJLVM + he. remain flavour diagonal.
Br(B-K 7 u]x10°

0.7 0.1

c?sf + clLs? 0 0 0.5
Ys 0 L5k +cbsS) el —sL (c?s% + c%sg) 04

— NG y
¢ ¢ ,
0 05235 + 05552 5?2 033 (03 53 + C?€53 ) 03

R(D™) 20
3. m RD™) 1o

/ ] Cy'=-Cls 20
. mC§'=-Cif1o
0.1

0.0 0.5 2
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

sd=s5

Rate for B, - t*t~ significantly enhanced.



LHC constraints on LQ couplings

Processes in t-channel pPp — T

s, b

Y

Y

Y

S4/3 R/ SL/3

¢----=-=-=-=--9

A

[Va)
VAl
A {
\]
~
w
=
[\]
~
%
¢-----=--=--9

A
A

Flavour anomalies generate s t, bt and ct relatively large couplings.

s quark pdf function for protons are ~ 3 times lagrer contribution then
for b quark.



Constraints from high p; searches at LHC

Faroughy et al., 1609.07138

2HDM cannot reconcile tt searches at LHC
for

ma HO Z 200 GeV

r |

S = N W A W

~ Vector LQ exclusion

ATLAS 17: 13 TeV, 3.2 fb
ATLAS 17: 8 TeV, 19.5fb~"

13TeV.-300Fb !
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Scalar LQ exclusion

~
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95% CL Exclusion Regions (fb")
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Allowed 95% CL regions of
parameter space for LHC
luminosites of 30, 100, 200 and
300 fb~! projected from the

high-mass tt resonance search
by ATLAS.

M. > 300 GeV

Fixing these couplings one can get full total cross-section.

The MC samples generated in MadGraph were subsequently
hadronized and showered in Pythia6



Summary

» Effective Lagrangian for NP for B anomalies well established;
> Ro#) explanation by NP very intriguing, due to strong flavour constraints;
» Constraints from LHC high p;searches important;

» Simple models of one NP particle present in all B anomalies prefer weak singlet
vector LQ;

» More sophisticated GUT models are already constructed!



Thanks




95% CL Exclusion limits, 3 —-generation LQ
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The reinterpretation of the CMS Collaboration exclusion limits for two

degenerate third-generation LQs decaying into ttbb final state in the Beff-
mLQ plane



Recent update on SM value of Ry

Bigi, Gambino, Schacht 1707.09509

“Luke’s theorem does not protect the form factors from 1/m? corrections, it
is therefore natural to expect 1/m? corrections of order 10-20%, and one
cannot exclude that occasionally they can be even larger”.

A;(1) = 0.857(41)
A;(1) = 0.906(13)

approach now includes HQET constraints with realistic uncertainties and
improves on the CLN parametrization in several ways.



There are 11 observables. Most promising to trace NP

1. Differential decay distribution

2. Forward-backward asymmetry

3. Lepton polarization asymmetry dFL/dq2
LT —
dl'r/ dq2
4. Partial decay rate according to the polarization of D*
gy = 0.21 — 12 0.76, ga = —0.18 =12 0.05, best fit values
gs = —0.92 — 1 0.38, gp = 0.91 + 1 0.38, gr = —0.42 41 0.15,
= :54: 0.12-0.49;
= 234:—0.69—0_.4812 0.6 | | | | - ﬁXZ Ié',zz.
0.6F ‘ : -iizgzgmm o4l W oev=-12i
04f M gs=-10 _
~ 0'2% %:ﬁ 0.2}
=2 00
< _0.27 7 0.0
—04¢ ] -02+ | | | | | | e
| | | | 3 4 5 6 7 8 9 10
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q- [GeV7]



Quantity| gy ga gs gr gr
AR X — kK - *
AL X - * * - 3ok
AR * * * * - * * % *
ALY X X - ok *
Rrr X X — Aok Aok

As Kok Fok — * * % %
Cy * X — ok ok
Sy *x Kk kkk — X * K %k
Ag Kk *k — Kk * * %
Ag * * — ok ok
Aqg *k *ok — X *ok
Ay X X — ok ok

“Anatomy” of angular
distributions observables

x stands for “not sensitive”,
and * *x x for “maximally
sensitive”



