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A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays

Naive factorization approach to DT — 7t xtK— decays

__ Naive factorization for D* — 777K~ decays: recipe

o Based on BE!: The weak effective Lagrangian

Lot = —FViaVa[G(1)O1 + G(1)O2] + e, Oxa) = 4[5iy" V@ o),

e Their contribution from Oy > (each with O(N}, N2) hadronization modes)

e Can be expressed as [a; = C1 + N va =G+ 2]

IM = iS5 Via V5 [ay (K | 577(1 = 1) ID*) (f | B(1 — 2°)d 0) +

a (K™ |59"(1 = 4°)d [0) (w3 | Gyu(1 —+°)c \D+>] + (& 7)),

1D. R. Boito & R. Escribano, PRD80, (2009)
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Naive factorization approach to DT — 7t xtK— decays

__ Naive factorization for D* — 77+ K~ decays: recipe
e Can be expressed as? [a; = 1.2(1), a2 = —0.5(1)]

M= iS5V Vs [a1 (K= 57"(1 — 7%)c |D*) (w3 | Gyu(1 — 7°)d |0) +
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A combined description of D™ — 77T K™ and Ds — KTK" 7~ decays
Naive factorization approach to DT — 7t xtK— decays

__ Naive factorization for D* — 77+ K~ decays: recipe
e Can be expressed as? [a; = 1.2(1), a2 = —0.5(1)]

IM = i ViaVis[an (K™} [59(1 = 1) |D*) (mf | G(1 — 4°)d [0) +
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Isospin Symmetry!
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A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Naive factorization approach to DT — 7t xtK— decays

__ Naive factorization for D* — 77+ K~ decays: recipe
e Can be expressed as? [a; = 1.2(1), a2 = —0.5(1)]

iM=—iSE VgV [31(77‘7, (K™ 7] 8,57"(1 — 7%)c |D*) +

b
([ B + (] > 73)

Isospin Symmetry!

e Factorization: Dt — 777" K~ ~ semileptonic decays 4 spectator 7

2A. J. Buras, NPB434, 606 (1995)



A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Naive factorization approach to DT — 7t xtK— decays

__ Naive factorization for D* — 77+ K~ decays: recipe
e Can be expressed as? [a; = 1.2(1), a2 = —0.5(1)]

iM= iS5 ViV, [al(fﬁJK’ﬁﬂ 8,57 (1 — +%)c |DH)+

([T, + (rf & 77)

Isospin Symmetry!

e Factorization: Dt — 777" K~ ~ semileptonic decays 4 spectator 7

e Requires a closer look into D — 77K~ fv decays (interesting per se)

2A. J. Buras, NPB434, 606 (1995)
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Section 2

Interlude: DT — 7" K~ {Tv decays




A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

__ Dt — 7K ¢*v decays: general features

e The matrix element reads
GE . = _
M = ==ZV5 (m K759 (L = 4°)e |DT) [@yu (1 — %) vel,

V2
e The involved form factors

(K™ aT| 59" (1 —7°)c|DT) = iwy p" + iw_p" + irg" — he"%P
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Interlude: DY — 7T K~ £7 v decays

__ Dt — 7K ¢*v decays: general features

e The matrix element reads

GF | - _
M = —7gvcs (T KT[57"(1 = 7°)e DY) [@u(1 = 7°)vil,

e The involved form factors
P

r -
? q" —hetPP

q

- s ; PAy, i (5 p-
(K™t 5y"(1—~%)c|DT) = 1w+(p”—q“?)+lw_(p“—q“?)+

o With divergence 0,57 (1 — v®)c appearing in ¥ alone

F=—(me+m) (K n|5iv°c|D”)  lim [(p- q)ws + (- q)w— — F] =0
q2—
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e In terms of (exp. used) helicity form factors
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q®—0
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Interlude: DY — 7T K~ £7 v decays

__ Dt — 7K ¢*v decays: general features

e The matrix element reads
GE . = _
M = ==ZV5 (m K759 (L = 4°)e |DT) [@yu (1 — %) vel,
V2
e The involved form factors
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r -
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e In terms of (exp. used) helicity form factors

_1

F=s(Xwi+lpa)(p-a)-d(pplw-) R=. BR=. F

lim [F1(q* p*,5-q) = Fa(q*, P>, 5~ q)] = 0
q®—0

e It is the divergence (7/Fa4) that we need! Irrelevant for my = 0, but...



A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

__ D" — ntK~¢*v decays: model (I) P-wave

o If mediated by a narrow-width(NW) single resonance 3
(TTK7189" (1 = 7°)e [DF) [pwave = (1" K™|K™) Pgo (K*[57"(1 —4°)c| D)

=x8 (px — pr)*eaPi- (Ae’“""’ —i[B(g’“’ - L;g” )+Cq" (p" — %q’*)-ﬁ—q%q“q”])mmau

3D. R. Boito & R. Escribano, PRD80, (2009)
4R. Escribano et. al JHEP 09, 042 (2014)
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A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

_ Dt = 7t K~ {"v decays: model (1) P-wave
o If mediated by a narrow-width(NW) single resonance 3
(T K| 59"(1 = 7°)c|D*) |p-wave = (1" K™ |KS) Pr; (Kg| 57" (1 —°)c|D*)
=X (pk — pr)*ea Ff”(p2)(A6“”"" fi[B(g“" - L)+ Cqv (Pt - %q")Jrq%q”q”])mweu
e The form factors (using lim,2_,o[F1 — F4] = 0 and high-energy behavior)

X2C(0) + (g p)B(0)
1-q?/mp,,
N(p?) B(O) + "B57 C(0)
2 1-q?/m},

F1 = — X~ F£™ (%) Brcr cos Oxr , Fa=.., Fs=..

Fa = — Xi+ FX™(P%)

3D. R. Boito & R. Escribano, PRD80, (2009)
4R. Escribano et. al JHEP 09, 042 (2014)
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__ D" — ntK~¢*v decays: model (I) P-wave
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(T K| 59"(1 = 7°)c|D*) |p-wave = (1" K™ |KS) Pr; (Kg| 57" (1 —°)c|D*)
=X (pk — pr)*ea Ff”(p2)(A6“”"" fi[B(g“" - L8+ (P - L)+ 5 q”q”Dmk*eu
e The form factors (using lim,2_,o[F1 — F4] = 0 and high-energy behavior)

X2C(0) + (q- p)B(0 ).

Fi=—xg« Ff”(pz)ﬁ/(n cos Ok r . 2/mD1 For=.., FR=..
~ 2. N(p?) B(O +Mc(o)
F4:*XR*FJ}: (P2) (5) (iiqzjma
e From analiticity unitarity* (A1 = 0.0025)
Sl R e ()
= = — dn—t—"_.
e =en 46|, =5 [ e

3D. R. Boito & R. Escribano, PRD80, (2009)
4R. Escribano et. al JHEP 09, 042 (2014)
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__ D" — ntK~¢*v decays: model (I) P-wave

o If mediated by a narrow-width(NW) single resonance 3
(T K| 59"(1 = 7°)c|D*) |p-wave = (1" K™ |KS) Pr; (Kg| 57" (1 —°)c|D*)
=X (pk — pr)*ea Ff”(p2)(A6“”"" fi[B(g“" - L8+ (P - L)+ 5 q”q”Dmk*eu
e The form factors (using lim,2_,o[F1 — F4] = 0 and high-energy behavior)

X2C(0) + (q- p)B(0 ).

Fi=—xg« Ff”(pz)ﬁ/(n cos Ok r . 2/mD1 For=.., FR=..
~ 2. N(p?) B(O +Mc(o)
F4:*XR*FJ}: (P2) (5) (iiqzjma
e From analiticity unitarity* (A1 = 0.0025)
Sl R e ()
= = — dn—t—"_.
e =en 46|, =5 [ e

o Get xfff&c = xig+{A, B, C} from semileptonic decays

3D. R. Boito & R. Escribano, PRD80, (2009)
4R. Escribano et. al JHEP 09, 042 (2014)



A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

_ DT — 7t K~ ¢"v decays: model (II) S-wave

e If NW singly resonance mediated

(TTKT157"(1 = 9°)c [D) |sowave = (77K |KS) Pis (K5|$7"(1 —~°)c|DT)

. R* q-pPig* SKg (42
= iXgs Pry {wﬁ (¢*) (PE; -2 q") +qr =) )]

5V. Bernard et. al PLB638, 480 (2006)
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Interlude: DY — 7T K~ £7 v decays

_ DT — 7t K~ ¢"v decays: model (II) S-wave

e If NW singly resonance mediated

(T" K159 (1 = 7°)c D7) [swave = (17K |KG) Prs (K5|57"(1—~°)c|DT)

72

e ™ Ks q-Pi= e (o2
= ISR (p?) |:W+o (¢?) (p% - qu> _‘_quw}

5V. Bernard et. al PLB638, 480 (2006)



A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

_ DT — 7t K~ ¢"v decays: model (II) S-wave
e If NW singly resonance mediated
(T K™187"(1 = 7°)c |DF) [sowave = (77K |Kg) Prs (K3|57"(1 —~°)c|DY)

#s (qz)}
2

. off pKu kg a'PRs
= ix$"Fe™(p?) [Wﬁ (a%) (PE; - q“) +q"

e From which the form factor with std (charmed) res. saturation assumption

o ETX kg 2 _ xS mE—p?) fKn 2
Fi= 1—‘72/"%51 FO (p ) Fa= 1_q2/més FO (P )

e Where use of limgz_,o[F1 — Fa] = 0 and high-energy behavior has been made

5V. Bernard et. al PLB638, 480 (2006)
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A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays
Interlude: DY — 7T K~ £7 v decays

_ DT — 7t K~ ¢"v decays: model (II) S-wave
e If NW singly resonance mediated
(TTK7|57"(1 = 7°)c|D") |sswave = (1" K™ |K5) P; (K5|57"(1 —°)c|D*)

. e L Ky 7 9PRy #5 (42
= ix§"FS™ (p%) [Wﬁ () (P, = Tq") + @ )}

q
e From which the form factor with std (charmed) res. saturation assumption

eff eff( 2 2
Fl — 2x5 X ,_—OKW(p2) F4 _ Xs (mp—p )Féﬁr(pZ)

l—qz/mgsl 1—q2/més
e Where use of limgz_,o[F1 — Fa] = 0 and high-energy behavior has been made

o Based on unitarity + analiticity®

. S[In Cren+Gols Ay (s—Dyr o 61/2(7)
FE™(s) = exp [ Szt @olll] | Go(s) = Banle—tua) [0 gyt

e But not NW dominated — same phase-shift, different subtractions!

FOKT(S) — FOD“(S) (e.g.,In Ckxr — InCp,,)

5V. Bernard et. al PLB638, 480 (2006)



A combined description of D™ — 77T K™ and Ds — KTK" 7~ decays

Interlude: DY — 7T K~ £7 v decays

__ DT — 7K~ {Tv decays: results

e Data not available — fit to BES-3 model for FFs®

Scalar:  x&" = —2.23(16) GV ' In Cp,, = 0.152(11)
Vector:  x&' = —3.52(16) GeV > X&' =8.87(23) GeV ' X&' = —1.72(12) GeV *

Events/ 0.02 GeV
1 As(My,) 1 (Gev™1)

08 10 12 14 16
my, [GeV]

M, (GeV)
e Our model could be used to improve exp. description

e Ideally preferred option: fit data (not available) rather than exp. models

e Model for F; form factor ready: go back to D — 777" K~ decays

BES3 Coll., PRD94, 032001 (2016)
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Back to DT — 7t 7x T K™ decays

__Results for DT — 77T K~ decays

e We first compare to P-wave BR (1.06%)

= Consistent within errors; matching central value requires Dy4 input rescaling
1.24(6)B3(3)Po6 (12)a; (16)a2 (5) rox [21] Totar
e For S-wave, some additions to fit data and full BR:

= Extra (180 — 65)° phase as in BE/exp?
= Additional Dy4 S-wave rescaling
1.55(10)83(6)P(2)8r(0)a1 (26)22 (5) ror [30] Totar

“D. R. Boito & R. Escribano, PRD80, (2000); CLEO Coll., PRD78, 052001 (2008)



A combined description of D™ — 77T K™ and Ds — KTK" 7~ decays
Back to DT — 7t 7nT K~ decays

__ Results for DT — 777K~ decays

e Data from E791 Coll., PRD 73, 032004 (2006)

30 30F
25 25
& 20 a o 20f
=3 -
[} o
<] &)
N o
wg 15 we L5)
H H
10 Lot
0.5 0.5
0.5 1.0 1.5 2.0 2.5 3.0 0.5 1o 1.5 2.0 2.5 3.0

mg, [GeV?] mg, 1GeV?)



A combined description of DT — 7 7" K™ and Ds -+ KTK" 7~ decays

Back to DT — 7t 7x T K™ decays

__Results for DT — 77T K~ decays

e Data from E791 Coll., PRD 73, 032004 (2006)

Number of events
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Bonus: Ds — KTKT 7~ decays

— Naive factorization for D7 — KT K*7~ decays: recipe
e Connected to DT — 777K~ via d <+ s exchange
IM = —i % Vi Ve [y (K™ | 57(1 = %) D) (mf | 87, (1 — 2°)d [0)+

a2 (K™ ﬂflsv“(l— ) [0) (w3 @yu(1 = 4*)c D) | + (nf & )
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(mTK{ [ dy (1= ° Kzl”'Yul*'Y)CDJr) +(K1 < Ky)
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A combined description of D™ — 77T K™ and Ds — KTK" 7~ decays
Bonus: Ds — KTKT 7~ decays

— Naive factorization for D7 — KT K*7~ decays: recipe
e Connected to DT — 777K~ via d <+ s exchange
IM = =i Vo Vi [ (7 K[y (1= 17)e D) (K | ayu(1 = 2%)s[0) +

a2 (K | Ay (1= 7%)s10) (K3 | @yu(1 = 4°)e ID*) | + (K« KS)

Isospin Symmetry!

e Changes: B B
o fr = fx (exp/latt) o D° — 7 v = Ds — K%v (exp)
o Dt —» ntK 4y = D, — m~ K*4v (U-spin symm/exp)



A combined description of D™ — 7K™ and Ds — KTK" 7~ decays
Bonus: Ds — KT KT 7w~ decays

__ Naive factorization for D7 — Kt K*n~ decays: results

e We obtain for the BR 1.44(13) x 10™* vs exp 1.28(4) x 10™*

e Bottom-left depletion in Dalitz plot: correct S- & P-wave interference

D S e e e e e
22af s
N LHCb
> b ;
9, 2: \;' o
sk A 35
MoTr
B 16F 30
£
14F 25
12F 20
1 15
08F 10
0.6 5
0_4' ISR N SN SR S S SN SR SR SR S TS 0
0.5 1.0 1.5 2.0 0.5 1 1.5 .
- 2
m¥, [Gev? 5o(TK") [GeV7/eT]

e Data from LHCb Coll., JHEP 03, 176 (2019)
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Bonus: Ds — KTKT 7~ decays

__ Naive factorization for D — KT K*n~ decays: results

e We obtain for the BR 1.44(13) x 10™* vs exp 1.28(4) x 10™*

e Bottom-left depletion in Dalitz plot: correct S- & P-wave interference

100 [ ‘
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2
> [
1S s0F
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3 Z 25k ]l .
z 185 1
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& 1% of * P’ 1
25 1 ! [P | ‘
075 1 1.25 1.5
My [Gev] m(K'n) (GCV/CZ)

e Data from BaBar Coll., PRD 83, 052001 (2011)
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Conclusions

__ Conclusions

o Investigated naive factorization in D™ — 77 7tK~ & D — KTK*n~
e Result in terms of semileptonic decays form factors

e Improved D™ — 77 K~ Zv description as necessary ingredient

e Studied DT — 7Tt K ™ first

= Nice “out of the box" description for P-wave BRs

= With relative S/P-wave phase and S-wave rescaling nice Dalitz Plot
e Imported to D — KTK* 7™ : nice predictions

e Nice naive factorization prediction



	Naive factorization approach to D+++K- decays
	Interlude: D++K-+ decays
	Back to D+++K- decays
	Bonus: Ds K+K+- decays
	Conclusions

