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New physics effect for B=>D(*)tv analysis

 R(D), R(D*) are changed

* Decay properties are also changed, such as
— 2
— D* and tau polarization

< sensitive to the NP contribution

- Need to include these effects in the event generatol




Effective Lagrangian for b — c7i/

all possible 4-fermi operators with LH neutrinos | M. Tanaka and R. Watanabe,

o . N , 0 ) , PhysRevD87, 034028 (2013)
—Lg = 2V2GFV, (0ir + CL OV, + CL, O, + CL 0% + CL 0% + CLO; ’
i I bf;;.r 1 E&g;vlh 1 Vs s; Vs 5, Vs, rOT] (hep-ph/1212.1878)

Oy, = etybrTrvv,  V=A  SM-like

@{,.-2 = CRY'ORTLYuVLI,  V+A RH current

Os, = eLbrTrvLI . S+P charged Higgs (ll)
O, = Crby TrVLI, S—-P charged Higgs

[ — 1/ —
Or = ¢ro®by, TRoOwr Tensor GUT?

Minoru TANAKA 6

Cv1, Gy Gy, Co,, C; denotes Wilson coefficients

— Ex) 2HDM Type2: Cg, =—%tan2ﬁ C =_mC2mT C,=C,=C;=0
" ? m;.

- Implement this model-independent calculation as
the EvtGen decay model




How to implement
B—2>D(*)tv EvtGen model

 PhysRevD.87.034028 gives helicity dependent amplitudes

The helicity amplitude of B — M7 (M = D, D*) is written as

Ar v ¢ Ar A M Ar An Ar A Ar A Ar A Ar A
MI — OET MSLI —'_Ml'rl-,ff +M1fgg +M51§ —i_"MSQ?LI +MTI .

(details are written in the

The helicity amplitude is a function of _
appendix of the paper)

Wilson coefficients C,,;, C,, Csy, Co,, C;

At : helicity of the tau in the (l+nu) rest frame
Ay meson (D, D*) helicity in the B rest frame

w: velocity transfer w = pp-par/(mpmar) = a?=(mg*+my>-2mymy*w)
cos0, : angle between momenta of T and the meson in the (I+nu) rest frame

M. Tanaka and R. Watanabe kindly provided their
Mathematica codes of the helicity amplitude

* Well structured as a function library
— ported to C++ class =2 EvtGen decay model



Implementation by EvtGen Model codes

Spin dependent complex amplitude is calculated

A AB—D*rv D*— D T—TV
4’1 — Z JFI)’._{_’J*)'LT X 14.)1 Y >< 14)17_ .
Ap*Ar ‘

BSTD model
class EvtBSemiTauonic;
( we are developing )
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""" 777772 Class EvtVSS;
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(Already exist in EvtGen)

A+, AT : spin state at D*,t rest frame

_________ > TAUSCALARNU model
class EvtTauScalarnu;
(Already exist in EvtGen)

In each decay() function,
1. Randomly generate the kinematics of daughter particles based on the phase space
2. Calculate decay amplitudes for each spin state
3. Set amplitude (as complex variables)
by function vertex(mother_spinstate, daughter_spinstatel,...)

Calculation of the probability values and the spin density matrices are taken cared by
EvtGen core



EvtGen Spin states and Helicity states

Need to translate between
* EvtGen Spin states in each rest frame

* Helicity states of BSTD model
— At : helicity of the tau in the (l+nu) rest frame
— Ay meson (D, D*) helicity in the B rest frame

* Prepared the rotation matrix in the boosted frame

EvtSpinDensity EvtBSemiTauonicAmplitude::RotateToHelicityBasisinBoostedFrame(const
EvtParticle* p, EvtVectordR p4boost)
— Utilize EvtDiracSpinor class of EvtGen

— Copied and added the boost to “EvtSpinDensity EvtDiracParticle::rotateToHelicityBasis()”
in EvtDiracParticle

— Prepared by me. It seems still has a bug? (explained later)



Decay.dec Parameters

# Br children Model_Name parameters...

Decay MyBo
0.5 Dx- taut nu_tau BSTD rhoA12 R11 R21 m_b m_c MagCV1 ArgCV1l MagCV2 ArgCV2 MagCS1 ArgCS1 MagCS2 ArgCS2 MagCT ArgCT;
0.5 D- taut nu_tau BSTD rhol2 m_b m_c MagCVl ArgCV1 MagCV2 ArgCV2 MagCS1 ArgCS1 MagCS2 ArgCS2 MagCT ArgCT;

#0.5 D*- tau+ nu_tau  BSTD_2HDMTYPE2 rhoA12 R11 R21 m_b m_ctanBeta/m_H+;
#0.5 D- tau+ nu_tau  BSTD_2HDMTYPE2 rhol2 aS1 m_b m_c tanBeta/m_H+;
Enddecay

rhoA12, R11, R21 : HQET Form Factor parameters from B->D(*)Inu data
m_b, m_c : quark masses at m_b scale

MagCXX, ArgCXX : Wilson coefficients for New Physics contributions
Each Wilson coefficient is calculated by CXX = MagCXX * exp( ArgCXX * i)
All CXX =0 - SM

: Parameters related to the systematic errors for O(1/m_q) correction in the scalar form factors
PRD87,034028 uses 1 +/- 1 for these values to take into account the theoretical error.



Check of the BSTD Model

 Compare helicity dependent amplitude calculation

— Original theory calculation and C++ functions used for the BSTD Model

* the fraction of the longitudinally polarized D* Py — Ny
I'(D;)+T'(D5)

* the tau polarization
_I'H(D) — (D)

B = 5oy r-)

 Compare distributions generated by EvtGen to the calculation
— Velocity transfer w w = pp-pa/(Mmpmar) (= g?=(mg*+mp>-2mmp*w) )

— cosb, angle between momenta of T and the meson in the (I+nu) rest frame

* Check the D* and tau polarization in decays generated by EvtGen

— Check helicity angle distribution of D*—>Dx and t=>7v decays in the generated
B>D(*)tv
- Compare to calculated values of PD* and Pt



R and polarizations for 2HDM Type?2
Check of heI|C|ty amplltude functlons

PT{D

0 01 02 03 04 05 06 qgng@a; 1003 04 08 o i 1570204 06 08 i

tanp/m_+(GeV ] tanp/m+(GeV' ]
1 f : : :

0 01 0203 04 0506 07 08 09 '4 olddd ]
tanf/m, «(GeV") 0 0204 0608 i
tanf/my, +{GeV™"

Have been cross checked with the
Tanaka-san’s calculation



Data points:
EvtGen events

Red line:
Model Calculation
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B+->Dtaunu, tan(beta)/mH=0.45

0.1E

—

09 02 03 04 05 06 07 08 09
tanp/m, +(GeV

’)

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

DOtaunu,evtgen

h200

Entries
Mean
BMS

1163
0.09557

84

11000

10000

0.014

0.012

e o s o
=) o o o =
B 7 5 ] 2

o

DoOtaunu,evtgen
h400

Entries
Mean -0
BMS 0

o by v e ey Ml
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

S
W_
=}
@

cosO
T
Calculated RGamD=0.340971
tau coshel
htau
Entries 500000
Mean 0.1324
RMS 0.562
x2 / ndf 80.79 /99
Constant 9998+ 14.1

2TV

cosO, . .

s Lo b e o by e b Loya s
-0.2 0 02 0.4 0.6 08 1

Calculated PtauD=0.394329

12



P. (D)

SM + T case:

Original Theory Calculation

Set others (CS1,CS2, CV1, CV2) to be O
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P.(D)

Cross check of R,

Plots from PhysRevD87, 034028 (2013)
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So far It looks good, but..

C++ Helicity amplitude functions are compared with the
original theory calculation = identical results

Polarization of D* and tau checked by the helicity angle
distribution generated by EvtGen - seems good

Developed BSTD model is installed in the Belle and Belle Il
library

— Being checked in Belle group analyses
— Several bugs found and fixed

— Remaining problem: no or wrong interference between +/-
tau helicities



B Discrepancy between BSTD and ISGWé/ 7

* K. Adamczyk and M. Rozanska (Krakow) reported that one
angular distribution is different between BSTD and ISGW2

— ISGW2 is the original decay model in EvtGen

* Difference is significant in the T~ — T~ v_. mode

BoD't V.1 - n" v, B-oD177.1" = I v,
e

i ISGW?2
(independently

generated 7, and 1)

0.08-

0.1

/1) 0.06 -

0.04" !

I 0.05

0.02: /
e B e
Y (4S)-rest frame cost,,. ' ® cost,.

No interference between two 7 helicities in BSTD
(This problem also happensin B = Dt~ 7,)

S. Hirose, K. Adamczyk, M. Rozanska




B P.(D") in B-rest frame

* Cross-check suggested by M. Tanaka (author of PRD 87,

034028): calculate P.(D") in B-rest frame

* . . | '\ B
P (D") can be also definedin —— < Ohel G ! Usually we discuss Pr(D*) in

W-rest frame

B-rest frame oW
M. Tanaka, Z. Phys. C 67, 321 (1995)
1 P v v
@ 075 (b)
=]
g o5
E-_t"] 0.25
% 0
2 025 BSTD
E 05 :
- tan =10 |\ 0.014p ™
[T L
2o I N 0.012E
ik 20 a0 oo
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0 080604020 102040608 1

COSHh

Polarization in ISGW?2 is correct 2 Obviously there is a problem in BSTD

1ISGW2

TI[TT T [TA [T T[T [T AT [TT T[T T[TT
=

- =

L

|:| B-rest

1o
I NArest  fee,

52"
P2(D*) =-0.80

Ly FENECS SIS BPEETE A
20 02040608 1

cosB,

S. Hirose




+/- tau helicity interference problem

* |t should be OK up to the helicity amplitude
calculation

* Suspicious part is the conversion between
helicity amplitudes to the spin amplitudes

At : helicity of the tau in the (l+nu) rest frame
Ay meson (D, D*) helicity in the B rest frame

Conversion function made by m AD*,AT : spin state at D*,T rest frame

* Still working to fix the problem
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Summary

Developing the EvtGen model of B> D(*)taunu
including New Physics effects

— Based on M. Tanaka and R. Watanabe PRD87, 034028
(2013)

— Including Vector, Scalar, Tensor NP contributions,
controlled by complex Wilson Coefficients

Debugging on-going in Belle/Belle Il library
Interference problem remains =2 working on the fix

When it gets fixed, will release to public to be a
model in the official EvtGen
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Particle Spin in EvtGen Decay

[http://evtgen.warwick.ac.uk/static/docs/EvtGenGuide.pdf]

1. Generate B Decay Amplltude A = Z _1/{)’;[) TV qu\Jj;jﬂw x 14;:'-—‘,7::;

decay 2 \is the spin state of D* and T

(Re)generate B decay kinematics randomly based on the phase space and

B— D*7w
Pp = Z _1)\13 Ar

*/\';r
take the event passes th‘ré accept-reject algorithm for P,

2. D* spin density Calculate the spin density matrix for D* after summing over T spins
matrix 2 D* deca !J* B—D*rv[ g B—D*rv
Y Z)_l/\n*/\«r I 4)\ A r] ’

I)* I)* D*=T
The decay probability’rof D*is given by
Pf_ Z p 4§1}—:DT[4D —Dm ] :

D D D+
D I}

3. Tau spin density  c5|cylate the spin density matrix for T including kinematic correlation with D
matrix = tau decay

- D __ AD*—Dnr[ gD*— D
p/\ A 4/\0 [4 A I
" B—D*ru[ g B—D*rvs
Py = 2. P ’*4)\;; Ar HAD R

/\D )\D
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B+->Dtaunu, tan(beta)/mH=0.41
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Example of imported C++ codes

// Total amplitude

EvtComplex EvtBSemiTauonicHelicityAmplitudeCalculator::helAmp(const EvtComplex& CV1, const
EvtComplex& CV2, const EvtComplex& CS1, const EvtComplex& CS2, const EvtComplex& CTS

double mtau, int tauhel, int Dhel, double w, double costau) const
{

// sanity check
assert(chktauhel(tauhel) && chkDhel(Dhel));

return //(GF/sqrt(2))*Vcb* // <-- constants which does not affect the distribution omitted
(1.*helampSM(mtau, tauhel, Dhel, w, costau)

+ CV1 * helampV1(mtau, tauhel, Dhel, w, costau)
+ CV2 * helampV2(mtau, tauhel, Dhel, w, costau)
+ CS1 * helampS1(mtau, tauhel, Dhel, w, costau)
+ CS2 * helampS2(mtau, tauhel, Dhel, w, costau)
+ CT * helampT(mtau, tauhel, Dhel, w, costau));



// Helicity Amplitudes
// SM

double EvtBSemiTauonicHelicityAmplitudeCalculator::helampSM(double mtau, int tauhel, int
Dhel, double w, double costau) const

{
double amp(0.);

for (int whel = -1; whel <= 2; whel++) {

amp += eta(whel) * Lep(mtau, tauhel, whel, q2(Dhel, w), costau)
* HadV1(Dhel, whel, w);
}

return amp;

}



// Hadronic Amplitudes //
/1 V-A
double EvtBSemiTauonicHelicityAmplitudeCalculator::HadV1(int Dhel, int whel, double w) const
{
// sanity check
assert(chkDhel(Dhel) && chkwhel(whel));

const double r0 = r(Dhel);
if (Dhel == 2 && whel == 0) {

returnm_mB * sqrt(rO * (w * w-1.) / gh2(2, w)) * ((1 + r0) * hp(w) - (1 - rO) * hm(w));
}
if (Dhel == 2 && whel == 2) {

returnm_mB * sqrt(rO / gh2(2, w)) * ((1-r0) * (w + 1) * hp(w) - (1 + r0) * (w - 1) * hm(w));
}
if (Dhel == +1 && whel == +1) {

returnm_mB * sqrt(r0) * ((w + 1) * hA1(w) - sqrt(w * w - 1) * hV(w));
}
if (Dhel == -1 && whel == -1) {

return m_mB * sqrt(r0) * ((w + 1) * hA1l(w) + sqrt(w * w - 1) * hV(w));
}
if (Dhel == 0 && whel == 0) {

returnm_mB * sqrt(r0 / gh2(0, w)) * (w + 1) *

(-(w-r0) * hAL(w) + (w - 1) * (rO * hA2(w) + hA3(w)));

}
if (Dhel == 0 && whel == 2) {

returnm_mB * sqrt(rO * (w * w - 1) / gh2(0, w)) * (-(w + 1) * hAL(w) + (1 - rO * w) * hA2(w) + (w - r0) * hA3(w));
}

// other cases
return 0.;



Misc. function added EvtGen model

Parameter initialization

— Wilson coefficients CV1, CV2, CS1, CS2, CT
— Quark masses

— HQET FF parameters

Set maximum probability value properly for the
Input parameters

Proper CP-transformation between B and B-bar
— Model calculation given for B-bar

Checked in the Belle / Belle Il library



m Relative Phase o

* Checked relative phase between 1, and t; amplitudes

— If relative phase is 90 degrees, interference doesn’t happen

* Phase difference is not always 90 degrees

— Interference must be considered in BSTD code, but it disappears at
some point...

* Interference occurs after the t decay

— T 21 and ;2 nv interferes

— Helicity information is lost somewhere in EvtGen base functions?
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# example decay file of BSTD model, based on M. Tanaka and R. Watanabe PRD87,034028(2013)
author: Koji Hara (koji.hara@kek. jp)

+*

Wilson coefficients for New Physics contributions
Each Wilson coefficient is calculated by

CXX = MagCXX * exp( ArgCXX % i )

Negative value of MagCXX is allowed.

all CXX = @ --> Standard Model

Define MagCV1 0

Define ArgCV1
Define MagCV2
Define ArgCV2
Define MagCS1
Define ArgCS1
Define MagCS2
Define ArgCS2
Define MagCT
Define ArgCT

H oH H HE H

[SEEORNSEGEESEN S GRS

# quark masses at the m_b scale

# taken from PRD77, 113016 (2008)
# m_b = 4.20+/-0.07 GeV/c"2

# m_c = 0.901+0.111-0.113 GeV/c*2

Define m_b 4.20

Define m_c 0.901

# HQET Form Factor parameters from B->D(x)1lnu data
# taken from HFAG End Of Year 2011

# rho_1%2 = 1.186 +/- 0.036 +/- 0.041

# rho_A1%2 = 1.207 +/- 0.015 +/- 0.021

# R_1(1) = 1.403 +/- 0.033

# R_2(1) = 0.854 +/- 0.020

Define rhol2 1.186
Define rhoAl12 1.207
Define R11 1.403
Define R21 0.854

# Parameters related to the 0(1/m_qg) correction in the scalar form factors

# The authors of PRD87,034028 use 1 +/- 1 for these values to take into account the theoretical error.
Define aS1 1.0

Define aR3 1.0



