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® These parameters are currently determined by from various moments of q2, E, or my spectra.
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® These parameters are currently determined by from various moments of qz, E, or my spectra.

® | attice Results: Lattice results used quenched approximation with NRQCD action. Different method leads to different
central values for these parameters. Probably, later, results may provide better extraction of these parameters.
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® These parameters are currently determined by from various moments of q°, E, or my spectra.

® | attice Results: Lattice results used quenched approximation with NRQCD action. Different method leads to different
central values for these parameters. Probably, later, results may provide better extraction of these parameters.

® Alternately, here we suggest a simple yet (at least theoretically) efficient way to compute these parameters.

® If we have similar decay rate with hard photon, can construct two eqns with two unknown parameters

0.2 ar, O.Sd dar
- Jo % A+BA+C, L Pa  P+ON+RE
— — 2 Y, / /
1 IO5dyﬂ A,+B//11+C//12 I()ldyil_g P +Q11+R22
0 dy

Solving above two eqns provide value of 4; and/,

Dayanand Mishra GDR-inf Intensity Frontier [P21, Lyon 2



® These parameters are currently determined by from various moments of q°, E, or my spectra.

® | attice Results: Lattice results used quenched approximation with NRQCD action. Different method leads to different
central values for these parameters. Probably, later, results may provide better extraction of these parameters.

® Alternately, here we suggest a simple yet (at least theoretically) efficient way to compute these parameters.

® If we have similar decay rate with hard photon, can construct two eqns with two unknown parameters

0.2 ar, O.Sd dar
- Jo % A+BA+C, o o My P+OL+RA
— — 2 Y, / /
1 IOdeﬂ A,+B//11+C//12 I()ldyil_g P +Q11+R22
0 dy

Solving above two eqns provide value of 4; and/,

® Requires the understanding of radiative decay rate (for eg B — X .£vy).
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® Light k:
® Standard Model (SM): Iight Quark: m, < Hy,q

® Heavy Quark: m, >
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® Light k:
® Standard Model (SM): ( d Iight Quark: m, < Hy,q

® Heavy Quark: m, >

® Quarks Masses (pdg.lvl.gov)
m, = 172.76 + 0.30 GeV 7 ~ 10725 = Decays before hadronises
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® Standard Model (SM): (

® Heavy Quark: mg > pyp .4

® Quarks Masses (pdg.lvl.gov)

m, = 172.76 = 0.30 GeV 7 ~ 10725 = Decays before hadronises
my, =4.18 £ 0.03 GeV t ~ 107125 = hadronises then decays

(nonperturbative picture
m.=127%0.02 GeV v ~ 107125 = hadronises then decays =g s’rarfs domina’ring)p
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my, =4.18 £ 0.03 GeV t ~ 107125 = hadronises then decays

(nonperturbative picture
m.=127%0.02 GeV v ~ 107125 = hadronises then decays =g s’rarfs domina’ring)P

Beauty hadrons : enough heavy (to consider expansion in I/mQ)

Charmed hadron : heavy with some reservations (m, ~ p;,;) = No universal answer
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(nonperturbative picture
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g + gluon medium

Keep all valance constituents in
colourless bound states : H,
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i ® Light k:
® Standard Model (SM): ( ight Quark: m, < pyqq
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® Heavy Quark: mg > pyp .4

® Quarks Masses (pdg.lvl.gov)

m, = 172.76 = 0.30 GeV 7 ~ 10725 = Decays before hadronises
my, =4.18 £ 0.03 GeV t ~ 107125 = hadronises then decays

(nonperturbative picture
m.=127%0.02 GeV v ~ 107125 = hadronises then decays =g s’rarfs domina’ring)p

Beauty hadrons : enough heavy (to consider expansion in I/mQ)

Charmed hadron : heavy with some reservations (m, ~ ;) = No universal answer

® Hadron considered : O + light. cloud ® Heavy Quark size ~ 1/my

1. At short Dist.- heavy quark surrounded by a static

q + gluon medium coulomb like colour field A,

Keep all valance constituents in

2. At large Dist.- self interaction strengthens, at R > A,
colourless bound states : H,

(completely Non-perturbative)
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® Weak Hamiltonian density for B meson decays semi-leptonically to final states H eak = — ub(ﬁyﬂPLb)(Z;fﬂPLvﬁ)

V2

containing u quarks
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® Weak Hamiltonian density for B meson decays semi-leptonically to final states H eak = — ub(ﬁyﬂPLb)(z?yﬂPLyf)

V2

containing u quarks

Exclusive Decays:

o Definite final state (eq. B — D¢v, (£ = e, u, 7))
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® Weak Hamiltonian density for B meson decays semi-leptonically to final states H eak = — ub(ﬁyﬂPLb)(Z;fﬂPLvﬁ)

V2

containing u quarks ‘
Exclusive Decays:

o Definite final state (eq. B — D¢v, (£ = e, u, 7))

Leptonic decays Semileptonic decays

; r -
: Decay constant ’ %711/:/< .

| (05l B,0) = iffgly

%' Form factor _)
| 7”2} — 'IN“D

_ _ - 0 l 1 L
(D”(/)D)]("\,’“,J)\B (pB)) = f 5 (qz) (PIB +pp — e (1/) ]

+0O(f5=P%

Factorisation

(D1~ |Ey,(1 — 5)b - y*(1 — 5)d| B™)
~ (D°leyu(1 —75)b|B7) - (n|ay"(1 — 75)d|0)

(Figs taken from A. LenZz’s talk)
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® Weak Hamiltonian density for B meson decays semi-leptonically to final states H eak = — ub(ﬁyﬂPLb)(Z;fﬂPLvﬁ)

V2

containing u quarks R R
Exclusive Decays: ) Inclusive Decays: |

e Definite final state (eq. B — DZv y (€ = e, u, 1)) ' e Ignore details about final hadronic state X_. and sum over
final states contains ¢ quark (eg. B = X .Zv, (€ = e, u, 1))

Leptonic decays Semileptonic decays

t ! b > > C > > X
_ iy o {1 e e
b s € L‘ ‘
Decay constant e i ! v v

oo}

| (01" 95ulBo(p)) = ifgp”
: Form factor

) 2 ]
) - O , , mp—mp 3
(D”(;)D)]('%,{)\B (pB)) = f e (qz) (PIB +pp — L 7 D(Il) ]

Nonleptonic decays +06( fée——mo)

Factorisation

(D1 |evu(1 — ¥5)b - @y (1 — 75)d| B7)
~ (D°|ev,(1 = v5)b|B™) - (7 |uy*(1 — 75)d|0)

(Figs taken from A. LenZz’s talk)

Dayanand Mishra GDR-inf Intensity Frontier [P21, Lyon 4



® Weak Hamiltonian density for B meson decays semi-leptonically to final states H eak = — ub(ﬁyﬂPLb)(Z;fﬂPLvﬁ)

V2

containing U quarks N e
Exclusive Decays: \ Inclusive Decays:

e Definite final state (eq. B — DZv y (€ = e, u, 1)) ' e Ignore details about final hadronic state X_. and sum over
final states contains ¢ quark (eg. B = X .Zv, (€ = e, u, 1))

Leptonic decays Semileptonic decays

u T

M " < <

w ¥ 1

‘ ¥ b > > C > > X

& DO I — _

. c e
b 5 ! f
Vu b Ve @66@7’% ', |
b W € L‘ ‘

Decay constant e : '»,‘ v v

L (0l y5ul B,(p) = iy

oo}

@

Form factor , /11 /12
i | I CO Cl C2

228 e
Mp — Mp

- - - 0 L l ',‘ i
(D°(pp)lev,b| B~ (pp)) = M 2 (@) (p’Bﬂ)’D— e 1) |

2
| &
Nonleptonic decays +0O(f5=P% j |
M Factorisation ', ‘ /11
_ | eon— i
g ~ (DY|evu(l —5)b B™) - (7 |[uy"(1 —5)d|0) Pl 1 _

1. || Ay = ——(B)|b,g(c - G)b,| B(v))
(Figs taken from A. Lenz’s talk) } i 12

1 _
5<B ()| b,(iD)*b, | B(v))
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Decays contain Forward Matrix Element
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Decays contain| Forward Matrix Element

T(B—>X—>B)
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Related to

(Via Imaginary part)
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(Via Imaginary part)

Hence, more clean than exclusive processes
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Decays contain

Forward Matrix Element

T(B—>X—>B)

Related to

(Via Imaginary part)

Hence, more clean than exclusive processes

® Method used to compute this transition operator : Heavy Quark Effective Theory (HQET)

/11 /12
I CO"Clﬁ" Czﬁ“...
b b
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1
. [ [ o ° 4 2 2
Differential decay width: dI" = Sy E 65 (pp— Py — @ | (X, Hweak | B) |"dq“dE/dE,

4Gp o
(Hweak — ﬁ Cb(C]/ PLb)(f}/ﬂPLUf))
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1
. [ [ o ° 4 2 2
Differential decay width: dI" = Sy E 65 (pp— Py — @ | (X, Hweak | B) |"dq“dE/dE,

2 2 v.q,.2 _ ﬁ =0l 7
= 2G|V, |* M, 1" dq*dEdE, (Hyeak = 5 Valer PN 1Py )
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1
® Differential decay width: dI" = 5%pp—p. — q) | (XCv,|H | BY |* dg*dE dE
B y — q A Weak q 4~y

3m
BZ 2 2 _ ﬁ = z
= 2G}| V,, |* M , L/ dq*dE dE, (Hyeak = 5 Valer PN 1Py )

Leptonic part
LM = 2(pLpy + Piph — 8"Pr -Po = €7D pPrs)
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1
® Differential decay width: dI' = 5 ppr—p, — q) | (XCv,|H | B \zd ’dE dE
B x — q £ Weak q 7ttt

8mB
2 2 2 H _3Cry “P,b)(fy P
=2G2|V,,| g*dE,dE, ( weak =2 Valer PO, )
: B|J#| XM |X.|JY|B)6*
Z_mB;< | 741X )1 X.1J* | BYo*(pg — Px — Pp = P,) Leptonic part

LM = 2(pLpy + Piph — 8"Pr -Po = €7D pPrs)
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1
‘ [ [ o ° 4 2 2
Differential decay width: dI = Sy E 65 (pp— Py — @ | (X, Hweak | B) |"dq“dE/dE,

o) 9) g H _%Gry, P b)Y Ly P
—1 BIJHIXMIX.|1JY|BS*
sz ; < ‘ ‘ C>< ‘ c‘ ‘ > (pB _pX _pf _py) Lep‘l‘onic Par'l-

L' = 2(pyp, + ool — 8 Pr - Pu — €7Dy D)
Related to /m part of transition matrix element:

T = — in4xe_iq'x(B | T I_Qy”PLc(x), cy'P,;b(0)} | B)
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‘ ° o o ° — 4 — — 2 2
Differential decay width: dI" = - E 0" (pg — P — DXV | Hyyoq1 | B) | dg dELdE,

2 2 2 4GF _ /,{ —
=2G2|V,,| g*dE,dE, (Hyeak = 5 Vater PNy, Py
b BIJ*IXMIX . |JY|B)YS*

L' = 2(pyp, + ool — 8 Pr - Pu — €7Dy D)
Related to /m part of transition matrix element:

T = — in4xe_iq°x(B | T I_Qy”PLc(x), cy'P,;b(0)} | B)

® Differential decay width is related to imaginary part of transition matrix element (consequence of Optical Theorem)

dr ~ Im|(B| Jd“xe-“mb"-@-xn by, Pre(x), €0)y,Pyb,(0)} | BY| L
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| B) |*dg’dE dE,

1
® Differential decay width: dI" = Z 0*pp—p.—q) | (XCv,|H

8mB weak
) 5 ) AGp _
=2G2|V,,| g*dE,dE, (Hyeak = 5 Vater PNy, Py
o, Z (B|JF| X )| X, ‘]U‘B>54(p3 —Px — Pz — PJ) Lepfonic part

= 2P, Py + PPy — 8" Dr D — 1€"°Pp, D)
Related to /m part of transition matrix element:

T = — in4xe_iq°x(B | T l_oy”PLc(x), cy'P,;b(0)} | B)

® Differential decay width is related to imaginary part of transition matrix element (consequence of Optical Theorem)

dl’ ~ Im

Jd“xe—“mb"-q)-xn 5, ()7, Prc(x), €0)y,P,b,(0)} | BY

Transition operator

Where, b(X) _— e—zmbv ‘b (x) <T(Q - X - 0) = Z Ci@l.)

(QCD) (HQET)
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® Operators at linear and quadratic order in 11 :

byr"b, b,y,(iD,)b,

(dim 3 operator ) (dim 4 operator: does not
contribute )

b (Db,

and

[ —
—b
2

(dim § operator)

V(G,uvalw)b V
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® Operators at linear and quadratic order in 11 :

_ _ I _
_ : 2
b,y"b, b,y,(iD,)b, b,(D-)b, and Ebv(Gﬂvgﬂy)b\/
(dim 3 operator) (dim 4 operator: does not
contribute ) (dlm 5 Operator)

® Considering leading and next to leading order in 11 :

dr Gz ‘ Vu ‘2m5 X A /1 A /1 . Vg
= ————{[120 = (1 +§* = ) + M@ ) + —5 M@ »)10G)

dydg? B 19273 m; m’
’ 7 / 7 ! 4 ” E cu
+8Q—M3(G% y) + =M% V)] + 8(2)—=Ms5(G% y)) 7 t
mb mb mb (Z — 1 n éz y)
y
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® Operators at linear and quadratic order in 11 :

_ _ I _
_ : 2
b,y"b, b,y,(iD,)b, b,(D-)b, and Ebv(Gﬂya””)bv
(dim 3 operator) (dim 4 operator: does not
contribute ) (dlm 5 Operator)

® Considering leading and next to leading order in 11 :

dr Gz ‘ Vu ‘2m5 X A /1 A /1 . Vg
= ————{[120 = (1 +§* = ) + M@ ) + —5 M@ »)10G)

dydg? B 19273 m; m’
’ 7 / 7 ! 4 ” E cu
+8Q—M3(G% y) + =M% V)] + 8(2)—=Ms5(G% y)) 7 t
mb mb mb (Z — 1 n éz y)
y

® Non-perturbation parameters :

1 _
b ~ = =(B|5,D%,|B) 2, ~ %a(,u)(B 15,40,,Gb, | BY

Where, a(u) = 1+ O(a,(my))
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® Operators at linear and quadratic order in 11 :

_ _ I _
_ : 2
b,y"b, b,y,(iD,)b, b,(D-)b, and Ebv(Gﬂvgﬂy)b\/
(dim 3 operator) (dim 4 operator: does not
contribute ) (dlm 5 Operator)

® Considering leading and next to leading order in 11 :

dr Gz ‘ Vu ‘2m5 X A /1 A /1 . Vg
= ————{[120 = (1 +§* = ) + M@ ) + —5 M@ »)10G)

dydg? 19273 my my
ﬂl AD /12 A9 / i1 A E cut
+0()|—=M5(q". y) + —=My(G", y)] + 0(2)—M5(q", y)} &
", ", mg (z=1+¢° y)
Y
® Non-perturbation parameters : A
| 1 _ No first principle method is |
~ o 2 o af P P Y
A~ =5 {BIbDb,|B) b~ 5 @ B1b\goy G0, | B) |available to calculate heavy |
Where. a(u) = 1+ O(a(m,) Liuark parameters A, and /12.
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® The Relevant Feynman Diagrams are

Dayanand Mishra GDR-1inf Intensity Frontier [P2I, Lyon 8



® Matrix element

4G 1 &p, [ dp, [ d%
_F>2|Vcb|2_J o L <B|Imﬂ(n;)g(nz;l)|B>
V2 (27)32E, ) (27)32E, | 2n)* Sl

o
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® Matrix element

4G 1 &p, [ dp, [ d%
_F>2 | Vcb |2 J o L <B | Imﬂ(nvfl)g(nvfl)
V2 (27)32E, ) (27)32E, | 2n)* Sl

® Numerator part
M) = 2=igby” (1= p) iy . (pp + = q)(=ieQ)y% (y . (p, + L = k = q) + m,)

(—ieQ )iy . (v.p,+ ML —q) " (1 =) b

/%=( | B)

L) = (27 =Pw,) (D71 = 7))

Dayanand Mishra GDR-inf Intensity Frontier [P21, Lyon



® Matrix element

4G 1 d? d? " d%
= (=) Ve |2—J : 7 (BI 1l 2, B) .
V2 2mg | 27)32E, ) 2n)32E, | (2n) v ( | ( %
® Numerator part |
_ Ci
M) = 2=igPby* (1 =7) iy (pp+ T = q)(=ieQ )% (y. (P + M=k =) +m.) b . b
I
(=ieQ )iy (v-pp+TL—q) ¥ (1 =7°) b |
Ly = (Er' (= Pwg) (0701 = p)F)
® Denominator part
_ -
I I L g 2((-9).1)

k2 ((pp+ 11— @2 —=m2) ((pp + L — g — k)2 —m2) ((p, + 1 — q)2 — m2)

1

k2 ((pp— q = k)? — m2)

2p. .11

k2 ((pp — q — k)2 — m2)

2

(pe- K2

4(p,.1

- - +
(p. . k)? (P - k) (p.. k) (p.. k)*

D)(p, —q) .11 [1?

(p.. k)

(pe k2

_I_

1 2(p, . I1)?

K2 ((py— g — k2 —m2)” (Pe-K)”

® It is the consequence of expansion of denominator in the power of Il up to square order.

Dayanand Mishra
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1 dl'y

rg dy

0.00025 |
0.12; . Z
: : .00020 |
0.10 | ] 0.00020
0_083 : g 2 0.00015;
: : — = :
0.06 - —  0.00010}
0.0 | j 0.00005 |
0.02} : 5
: : .ooo0O f —7 b
0.00 — 0.1 0.2 0.3 0.4 0.5
0.1 0.2 0.3 0.4 0.5 0.6 v
Figure : Plot of differential decay width (B — X _uvy) with lepton Figure : Plot of differential decay width (B — X, uiy) with lepton
energy in the rest frame of B meson energy in the rest frame of B meson

> X,;, define hardness of photon

> Decay rate is sensitive to energy of photon.

> As photons become soft, decay rate increases as expected.
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0.0030F
0.0025;
0.0020 |
y : * For hard photon : decay rate
sl © 0.0015]
- @ ~ @(aem)r B—>X v,
0.0010 | :
: > For sufficient low photon the rate for
0.0005 ;- radiative mode reaches to non-radiative
0.0000f | I — mode
0.3 0.4 0.5 0.6 0.7 0.8
X
Figure : Plot of differential decay width with photon energy in
the rest frame of B meson
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® One of the most important application : calculation of non-pert parameters of B — X .Zv,,
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® One of the most important application : calculation of non-pert parameters of B — X .Zv,,

® Now, we have two eqns with two unknown parameters

0.2 dl_'}, 0.5 d dr
R IO dyd_y A B/Il Cllz R. — 0 Y dy . P+ Qlll + R/IZ
— — 2 Y / /
TS A T A B, + Ol v PO+ RY
fo Yy d

Solving above two eqns provide value of A; and4,
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® One of the most important application : calculation of non-pert parameters of B — X .Zv,,

® Now, we have two eqns with two unknown parameters

0.2 dl_'}, 0.5 d dr
R IO dyd_y A B/Il Cllz R. — 0 Y dy . P+ Qlll + R/IZ
— — 2 Y / /
TS A T A B, + Ol v PO+ RY
fo Yy d

Solving above two eqns provide value of A; and4,

® Hence, it motivates to calculate | experimentally.
B%XC(M)KUK}/
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® One of the most important application : calculation of non-pert parameters of B — X .Zv,,

® Now, we have two eqns with two unknown parameters

0.2 dl_'}, O.Sd dr
P IO dyd—y A+ BA + CA, R.— 0 Y ay P+ 04+ R4
— — 2 Y / /
TS AL+ [y dvss PO+ R
0 dy

Solving above two eqns provide value of A; and4,

® Hence, it motivates to calculate I’ B—X,,tvy,y @XPerimentally.
cl\u

® Further it may provide input in the hadronic mass parameter calculation.
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® Now, we have two eqns with two unknown parameters

0.2 dl_'}, O.Sd dr
P IO dyd—y A+ BA + CA, R.— 0 Y ay P+ 04+ R4
— — 2 Y / /
TS AL+ [y dvss PO+ R
0 dy

Solving above two eqns provide value of A; and4,

® Hence, it motivates to calculate I’ B—X,,tvy,y @XPerimentally.
cl\u

® Further it may provide input in the hadronic mass parameter calculation.

® It can also provide input on CKM element |V , |.
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® One of the most important application : calculation of non-pert parameters of B — X .Zv,,

® Now, we have two eqns with two unknown parameters

0.2 dl_'}, O.Sd dr
P IO dyd—y A+ BA + CA, R.— 0 Y ay P+ 04+ R4
— — 2 Y / /
TS AL+ [y dvss PO+ R
0 dy

Solving above two eqns provide value of A; and4,

® Hence, it motivates to calculate I’ B—X,,tvy,y @XPerimentally.
cl\u

® Further it may provide input in the hadronic mass parameter calculation.

® It can also provide input on CKM element |V, |.

® Considering higher order in HQE will provide calculation of other non-perturbative parameters.
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'I:h_ank you
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Backup



® Why the B — X v,y mode ...?

> How the on-shell hard photon may impact this process
> What are the relevant operators

* Can this process help in determining non-perturbation parameters
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® Why the B — X v,y mode ...?

> How the on-shell hard photon may impact this process
> What are the relevant operators

* Can this process help in determining non-perturbation parameters

® General form of decay width for B = X £v,y

AN

LB — Xtv,y) =T(b — qfuy) + @(
my,
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* Can this process help in determining non-perturbation parameters

® General form of decay width for B = X £v,y

AN

LB — Xtv,y) =T(b — qfuy) + @(
my,

® Analysed the gauge invariance for B — X v,y e
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> How the on-shell hard photon may impact this process
> What are the relevant operators

* Can this process help in determining non-perturbation parameters

® General form of decay width for B = X £v,y
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LB — Xtv,y) =T(b — qfuy) + @(
my,

® Analysed the gauge invariance for B — Xcz,”vfy _» No contact term arises
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® Why the B — X v,y mode ...?

> How the on-shell hard photon may impact this process
> What are the relevant operators

* Can this process help in determining non-perturbation parameters

® General form of decay width for B = X £v,y

AN

LB — Xtv,y) =T(b — qfuy) + @(
my,

® Analysed the gauge invariance for B — Xcz,”vf}/ _» No contact term arises

—> Free from UV divergences problem appear in exclusive decays.
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® Cutkosky Rule

» cut divides diagram into four body decay processes.
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® Cutkosky Rule

» cut divides diagram into four body decay processes.

2Im >/&J\M%\< = | d(PS)
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® Cutkosky Rule

» cut divides diagram into four body decay processes.

2Im >/W\< =

® Expanding delta function in 11 :

5(pb+H—q—k)2 = 5(pb—q—k)2+2H.(pb—q—k)é’(pb—q—k)2+l'[2<5’(pb—q—k)2+2(pb—q—k)zé”(pb—q—k)2> + ...
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?

® A bit of kinematics
2 d 2

dqg” dr
do,(py; g, r)dp,(q; pi, p,)Addy(1; D, k)

a(bs) = 2T 2w
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?

® A bit of kinematics

dq? dr’
d(PS) = dd(pys q, 1)dps(q; p, P AT Py, k)
2 2n
1 1 dE 1 d
dpy(pp; q, 1) = 1 ] dpy(q:ps»Dy) = - dep(r; pys k) = t (1 =y = 00> = m )

7y 7 4 B |
Kallen
Function
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?

® A bit of kinematics

dq? dr’
d(PS) = dd(pys q, 1)dps(q; p, P AT Py, k)
2 2n
1 1 dE 1 d
dpy(pp; q, 1) = 1 ] dpy(q:ps»Dy) = - dep(r; pys k) = t (1 =y = 00> = m )

T mp 3T ( 8
RGED
Cos(0,) <1 = OQRE/E, — g> — 2qE, QEL%) Function
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?

® A bit of kinematics

dq? dr’
d(PS) = dd(pys q, 1)dps(q; p, P AT Py, k)
2 2n
1 1 dE 1 d
dpy(pp; q, 1) = 1 ] dpy(q:ps»Dy) = - dep(r; pys k) = t (1 =y = 00> = m )

T Mp 3Tt ( 87
G
. .
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® Theta function provides lower bound on energy of neutrino in B — X ‘v,

how does it modify in the case of B = X fv,y ?

® A bit of kinematics

dq* dr’
d(PS) = dp,(py; g, A (q; p p)AP(T; Py k)
2T 21
I q 1 dE 1 dt
débz(]?b; q,1) = d¢2(q; Dy pn) — 4 do,(r; p,, k) = t = (p, — k)% — mb>
47 mp 3T ( 87
Cos(0,) <1 = OQE/E, - q° — 2qE, 2E§) Provides lower bound on £ Function
2, 2 .2
q= A(q - mb) qo = I —> Provides neutrino energy E,
4mb 2mb
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