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What about baryonic decays?

We've already studied the b — sé/ transition for mesons, but until now
not much for baryons.

Why are we just studying them now?

We don't find this decays in B-factories, but now LHCb can provide this.

« Different systematics from different hadrons (experiment and theory)

e Spin, an extra degree of freedom.

Where do we start?
Lightest decays:
o Np = N(— pr)lte-
o Np = N(— Kp)lT e~
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Experimental status of A, — A(— pm)l*(-

LHCb is able to test rare Ap semileptonic decays, in particular
Ap — A(1115)pp

e A(1115) is the lightest baryon as
a final state for b — s¢™ ¢~
transition.

o JP=1/2*

o Decays mainly into pm through
weak interaction
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» Branching ratio [1503.07138] : ]
1503.07138

and angular observables
[1808.00264] measured by
LHCb.
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Experimental status of A, — A*(— Kp){*(~
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Not yet measured experimentally.

We will consider the decay into KN
through strong interaction (which is the
most accessible experimentally)

A*(1520) is dominant at g7, = m7
according to LHCb study on
No = J/W (= pu)Kp

A*(1520) is also expected to be dominant
at g = 0 according to model by Legger
and Schietinger [hep-ph/0605245]

JP=3/2"
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b— sty

Effective Hamiltonian

Local operator effective theory for b — s transitions. Non-local high energy processes are
reduce to local operators as in Fermi Theory.

4G,
Heg(b— stte7)=-2F vtb Zc O
With the SM operators relevant for this analysis

) 2 _ &2 _
0, = ?mb(scfﬂ,,PRb)F“" O = ?(S’YNPLb)(f"/’uf) O = ?(SWPLb)(f’Y’WSZ)

o Wilson coefficients (C;) contain short distance dynamics.

o They are accurately computed in SM and would deviate in presence of NP. Operators
absent or suppressed in the SM, can by introduced by NP.
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cC contributions

Z/y Two contributions:
¢+ o Resonant (Charmonia, non perturbative QCD)
Cc (o}
o Non-Resonant (Approximated with perturbative
b s QCD)
W+

» This contributions go to Cg, they are g> dependent and depend on external
states.

o For now we include only perturbative QCD
o LCSR could be used to determine corrections near the g> = 0 region.

o We could also follow the strategy used by Bobeth et al. [1707.07305] to
parametrize cC contributions and obtain these parameters from experiment at
J/V and W(2S) poles where we expect NP to be negligible.
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What has been done until now?

Np — /\(—) pw)é*ff
o An angular analysis has been done by Boer et al. [1410.2115] and an
extension for polarized A, was done by Blake et al. [1710.00746]

o Form factors for the A, — A transition have been obtained via Lattice
QCD by Detmold et al. [1602.01399]

Ny — N (— Kp)lt e~
e An angular analysis as been done by Descotes-Genon et al.
[1903.00448]

o In the case of the A, — A* transition preliminary results are available
from Lattice by Meinel et al. [1608.08110]

We will explain first the analysis for A, — A*(— Kp)¢t¢~ and then show
the differences with A, — A(— pm)¢T ¢~ since they both share many
features.
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Angular analysis of A, — A*(— Kp){*¢~
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Kinematics of A, — A*(— Kp){ti~

Ab(p;sn) — N*(k, sn=)[= K(ki)p(k2, 5p)1¢7(q1)0 (g2)
Gd=q+q=p—k
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Kinematics of A, — A*(— Kp){ti~

Effective Hamiltonian Formalism
Helicity Amplitudes
Hadronic Amplitudes and Form Factors

Explicit spin 1/2 solutions Propagation of Spin 3/2 Particle
Helicity Amplitudes Breitt Wigner + Narrow Width
Interaction of Spin 3/2 with Kp
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Outline of the calculations

We separate the decay into differents steps
M(Np — N (= Kp)lT07) = (N (= Kp)lT 0| Hine| Ab)

= (KpIHIE I (sne ) (N (s )£ € [Hetr M)
k2 — m/z\* + imps T px

Sp*
o Step 1: Separation of hadronic and leptonic parts using the helicity amplitude approach.
o Step 2: Expression of A, — A* transition in terms of form factors.

o Step 3: A* — Kp decay, narrow width approximation, propagation and explicit solutions
Uy, for A* (not trivial for spin 3/2).

o Step 4: Take the modulus square and multiply by the phase space.
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Helicity Amplitudes

Separate the hadronic and leptonic parts
(NCC Her Moy = Y CxHX [~ IX v
X=V,A,T,T5

The helicity amplitude approach is particularly convenient in this case (Lorentz invariance,
physical interpretation in chain decays)

Hmv(s/\bv s/\"‘) = €Z(m) <A*(k7 S/\") §’Yﬂb|/\b(p7 5/\b)>
L%(SZJW Sé_) = 6#(m)‘7€_7ﬂul+ me {05 +7 ) t}
(N LDy, l5y" B As) = LY (s¢+, 5~ ) Hor (5n,» 5n+)

m

They are frame independent, thus we
can obtain the hadronic and leptonic
amplitudes each on the simplest
frame.
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Hadronic Amplitudes

o Written as a function of form factors and all the Lorentz tensors available.
(N153biAs) = Tnlk, SA*){P“ [Fl(q2)p“ Rk + Fa(qz)’Y“] + F4<q2)gw}u(p, o)

o Usually chosen on a base that simplifies the Helicity amplitudes.

mps

- 7 a M
(157 blAe) = Ot s {20, = ) &+ 2 ()0 = 220 = 2

My, + mp+
R
S+

.
(9 K (0, )]

“‘ Kkt mp-pt + mp, kH
+ fgv(qz) [gau + m/\*% (’Y“ - 2m7 + 2/\!’7%)] }u(p, SAs)
— A+ Sy

Ay — N* form factors
o 14 form factors in total
o Only preliminary results are available from lattice simulations [1608.08110]

o Quark model from [1108.6129] used for numerical illustration (educated guess
of the errors).
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Transversity Amplitudes

The Ap — A*¢+{~ decay is described by 12 transversity amplitudes.

L(R L(R L(R L(R
A= {B", B{", AL, AL

L(R) AL(R)
Ao Ao

J

2 /
B o (chR, (172, -3/2) - OO T a0 a2

L(R)
A”0 o

(c;ff;{_Hg‘(H /2,41/2) +

ch,(S)),Jr = (Cy F C10) + (Cor F C10)

Cé,(ﬁu),— = (Co F C10) — (Cor F Ca1v)
And their normalization is such that:

dr(Ny — N0H07) ¥

Martin Novoa Brunet

dq?

XeTA

IXP°

Rare baryon decays

2mb(C7 — C7I)
q2

HOTS(+1/2,+1/2))

sn, | Sa= | Amplitudes
£} | 2] | AP ALY
£} | 5) | AP AL
£ | 3| BU, 6L
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Angular Observables of A, — A*(— Kp)¢t¢~ [1903.00448]

o Angular structure in agreement with
Gratrex et al. [1506.03970].

o Op — Op + ™ symmetry related to
P-conserving nature of strong decays.

o HQET and SCET limits simplify the
form factors, f; and B amplitudes
vanish.

o 3 independent observables in both
limits.

d*T(As = A" (= Kp)ete=) 3

—L(q?, 8¢, 6,
dq?d cos 0,d cos Opnde 8 (@, 0e,0n, )
o Does not allow us to derive non trivial
ratios of observables only sensitive to

L(q%, 82,01, &) = cos? Op (Lic cosfp + Licc cos? O + Lyss sin 6;) Wilson coefficients

+ sin? Op (ch cosp + Locc cos? Oy + Loss sin? 61)

Martin Novoa Brunet

+ sin? On (L3ss sin? 6, cos? &+ Lass sin? 6, sin ¢ cos ¢)
+ sin 6 cos O cos ¢(Lss sin Oy + Lssc sin 6y cos 0p)
+ sin 6 cos O sin ¢(Les sin 0y + Lesc sin 0y cos 0y)

Rare baryon decays

Lic (Re(AilAﬁ;) — (Lo R)) ,

Lass o (Re(BﬁlAﬁ;) — Re(BL,AL) + (L < R)) ,
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Ao — N(— Kp)u' ™ results [1903.00448
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Differences of A, — A(— pm)¢*¢~ [1410.2115]

o Only 8 transversity amplitudes present.
o 10 form factors in total, results by Detmold et al. [1602.01399].

o A(1115) decays mainly through weak interaction.

The hadronic matrix element which determines the A — N7 decay can be
parametrized as

(p(ky, sn)m~ (k2)| [y Pru] [a" Pus] [Nk, sp)) = [a(ke, ) (§ s +w)u(k, sp)]

where we find a parity violating term (not present for the strong decay studied
before) parametrized by

o —2Re{w&}
VEIER +/E WP
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Angular Observables for A, — A(— pm)¢*¢~ [1410.2115]

o Angular structure in agreement with Gratrex

et al. [1506.03970]

W p
o\ \/ o\ /
! ':' 2 o Opn — Op + 7™ symmetry not present because
/ ! of P-violating nature of weak decays
i ! (recovered whe a — 0).
i ¢ / o Full analysis including polarized Ap, from
" T Blake et al. also available [1710.00746]
2 1 R |2 R2
Kiee(a?) = 5 [1A7, P + 14T + (R o 1)]
Kace(q%) = +aRe {Af_lA;“R +(R < L)} ,

4 +p—
s idceids = oy K00 )
K(q?,cos by, cosbp, p) = (Kiss sin? 0y 4+ Kice cos? 0y + Kic cos 6)
+ (Kass sin? 0y 4+ Kace cos? 0y + Ko cos 6) cos O
+ (K3sc sin 6y cos 0y + Kzs sin 05) sinOp sin ¢
+ (Kasc sin 6 cos 6y + K sin 07) sin 05 cos ¢ .
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Angular Observables for A, — A(— pm)¢*¢~ [1410.2115]

Exploiting Form-Factor Symmetries at Low Recoil (HQET)

Kic _ Re{p2}

X1 = =
' Koee aRe{ps}

If we assume the absence of chirality-flipped operators (including C;, — 0 in the SM), we
obtain
2 P2 chc _ 2a P2

Xy — -2 X = =
@ pP1 Kac P1

For the commonly used large recoil bin 1 GeV? < g2 < 6 GeV?, by taking CBM1 CQSM -1
and CEM! =1, we find

(X1)*M = +0.0879 33, (Xq)BME = —0.4970:07,
SM _ +0.04 BM1 _ 40.03
(X)) = +0.17%577, (X2) —0.227 03 -
2km,
= % (\Ci\z +1ck ) 3= % (|CR|2 ICi\z) Cf(L) = ((C9 +Co) + b (C7+Cp) £ (Cro+ Cw'))
1 « * 1 « . 2nm
-3 (cRcR —cLet ) p=7 (cRcR +ctek ) RO = ((c9 —Co)+ 2" (€7~ Cp) £ (Cro — cm,))
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Np — N(— pm)pt ™ results [1602.01399]

16 , . : : -1
B H
W S -2
-7 —2

2b dg [1077 GeV™7] ;

Lof S N

osk ICR S @ % ]
-5
6L 3
_7 1

L 1 1
: I = o -4 -2 0 2(:9 4 6 8

 Differential branching fraction deviation not yet statistically (1.60) but in the opposite
direction of B — Kt~ and By — ¢ut ™ deviations (could be explained by
quark-hadron duality violation or A, prod fraction).

o A negative shift in Cg alone (simplest scenario for mesonic observables) would further
lower the predicted A, — A pt ™ differential branching fraction.

o Bayesian analysis by Meinel et al. [1603.02974] shows in detail how global fits could be
affected.
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Connection with A, — AUy

The branching ratio for radiative decay A, — A*~ is proportional to

im (¢ S XP),

2
q X=A,B

At g? — 0 limit only two spin configuration

[l T T T
contributes (C?)) 3 | Sanal ]
[ LHCb ]
= 25; ---Cgr?lbinatorial ]
o Number of independent form factors reduced. @20: T A ]
(@), 11(e) = 70) g1 ]
E 105-
ngS(q2), ng(q2) 2_) ng(O) 8
q2—0 4
st .
o Possibility to extract information about the form ¥ ; . ‘l
TS R O Pt Sl N R s ST R SN |
factors normalization (multiplied by Cgl)) from this 5000 5500 6000 6500
decay. m(prry) (MeV)

The same should be true for A, — A(— pm)y [1904.06697]
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Conclusions

Rare baryon decays are another way to test b — s¢/*¢~ and exploit
LHCb data.

Sensitivity mainly for Cg and Cj.

Connection with A, — Ay to be exploited.

We hope to stimulate the study of A, — A*¢T¢~ on LHCb and by
Lattice QCD people.

Charmonium contribution is an open question both at low and high

q>.

Martin Novoa Brunet Rare baryon decays September 6, 2019 21 /22



Angular distributions of rare baryon decays

Martin Novoa Brunet

Laboratoire de Physique Théorique (UMR8627), CNRS, Univ. Paris-Sud, Université
Paris-Saclay, 91405 Orsay, France

September 6, 2019

S BAr PARIS

Comprendre le monde,
construire Uavenir

spCe LPT Orsay

Martin Novoa Brunet Rare baryon decays September 6, 2019 22 /22



Back up
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B-physics anomalies

Deviations from the SM expectations in b — s/+¢~ :
o Branching ratios and angular observables in b — suu B — Kup, B — K*pp, Bs — oup

| CSR L attice --Data A" T T T ]
o T T T T 3 B- I(\t e
> B o K*utu 5 1 SM from DHMV ]
(@) - K up . )
% LHCb F © Belle Ak 1603 bi042
< 1 L ‘
(=) u H
[=} r H
= ++ r
%_ -0.5 o =
S : t
% L L L ] L |-! 1 L
10 15 202 0 5 10 15
P [GeVe/c G [GeV?/c|
[1403.8044] [1612.03528]
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B-physics anomalies

Deviations from the SM expectations in b — s/+¢~ :
o Branching ratios and angular observables in b — suu B — Kup, B — K*pp, Bs — oup

o Lepton-flavour universality ratio comparing b — sup and b — see B — K{+(~,

B — K*t¢~
—LHCb —+BaBar —Belle
xx 2- T T T : R T T T T T T T
C LHCb Q:~10:”.” -
1,5:— ] 0sfF I T ]
1 I 0‘61' s | T ® LHCH }'
. | SM E A BIP
[ T 041 v CDHMV ]
0.5 ] 02 [ m EOS
i . E_ LHCh : féav.lc 7
% s 0T T
¢ [GeV¥/c] ¢ [GeV?/e]
[1406.6482] [1705.05802]
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Spin 3/2 Field treatement

Rarita-Schwinger Equations

Equation for a 3/2 spin field obtained combining 1® 3 =3 & 1

(O-—m)P(x) =0 9¥"(x)=0 (F+mP’(x)=0

YW (x) = 0 — Preserve only the 3/2 spin part

1 1/2
" v 1 3
U3/2,m(m = Z Z E)\(ﬁ)ul’(ﬁ) <17 A; 5, I’|§, m>
A=—1r=-1/2

[10.1140/epjc/s2002-01026-1]
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N\* propagation and decay

3/2 spin Propagator

poB _ kM (aﬁ_1 o B 2kakﬁ+'yﬁka—7“k5)
3M

7T =

RS = )2 M2 3 3M2

[nucl-th/9812043]

AKp interaction

L2 = geiB (0,0, )yahDsd + h.c.
[10.1103/PhysRevD.58.096002]

o Lowest order lorentz invariant coupling for a 3/2 spin field.
o Preserves only the 3/2 spin component.

o Done in analogy with A — 7N
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Low- and large- recoil limits (HQET and SCET)

o SCET and HQET approximations reduce the number of form factors on leading order

(o(er52))

dr/de

SCET HQET
Large Recoil Low Recoil
-~ o SCET — 1 Form factor (&)

S

C1,Go o HQET — 2 Form factor ((1,¢2)

qlGeVv?]

5 10 15

o Corrections on O(as) are computable and they don't affect the amount of form factors.
o Corrections on O (A,‘f,—cb") will add new form factors to consider.

o These limits can be used to identify combinations of angular observables with smaller
hadronic uncertanties
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Simple Observables

o Differential decay width

M CNP = —CNP = —0.62 ]

7.x107F

6.x1077F

5.x107F

4.x107F

dr/dg?/T,

3x100F eSS 2

2.x107F 770

1.x107°F

0 ‘
0 5 10 15
dr 1

quz 3(L1cc + 2(Llss + Loce + 2Lpss + L3ss))
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Simple Observables

o Forward-Backward asymmetry for the leptonic scattering angle

3(L1c + 2L25)

Arg =
2(L1<:c + 2(Llss + L2cc + 2L2ss + L3ss))
0.2 T T
SM e Gy = —Clgn = —0.62
04l cooo @Rl c=ms G = —ERE =1
0.0
[
<X =01
-0.2
-0.3
_04 . . .
0 5 10 15

» Baryonic and combined Forward-backward asymmetry
App=0 A% =0
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Simple Observables

o CP-averages and CP-assymetry

Li+ L Li—L

T A +0)/d2 T d(T+T)/dg?
Sic < Re(AFARY) — (L < R)

R(L) AR(L)x* R(L) A,R(L)*
S3ss X Z Re(B||1( )A||1( ) ) — Re(B¢§ )Al(l ) )

R(L)
S cc
S2ee = 2= o 3 1BV 2+ |BIVP
R(L)
Sssc 0 y_ Re(B[{HATY") — Re(BE{V AT
R(L)
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Simple Observables

S1c o< Re(AF1AfY) = (L < R)

0.2F

SM

---- G =-111

T
NP _
Cou =

NP _
Coy =

—Chon = —0.62

—-Cyp =1.01
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Simple Observables

S3es X Z Re(BR(L) R(L)*) Re (BR(L) R(IL)*)

it A
R(L)
T T
004l N pn— CNP C{f,‘; — _0.62 1
so=a G ool == Cyy =—Cyy =101
0.03} 1
0.02f : : : 1
901k ! : ; ]
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Simple Observables

5

4 1
R(L)
0.005 . .
—— SM e CaF = —Chr, = —0.62
Ciy =-111 —=---- Ciy =—Cjy =1.01
0.004 _
= 0.003 T
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wn
|
& 0002 1
0.001 T
0.000 . . : ]
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Simple Observables

R(L RL* RL RL*
R(D)

0.00; ' ' '
SM CNP— —CNE_ (.62 :

sccs @GPl s Cif =—-Cyr =101
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-0.04
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-0.06
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b — s¢T¢~ transition

Martin Novoa Brunet

o Consistent pattern of deviations from the SM

-
o FCNC process, which is loop supressed in the SM

ot (potential sensitivity to NP)

s o Several studies have been done for this transition

on the meson side (B — KM= By — pt+e7).

-
Z/y
0+
uct uct
b s
W+

Rare baryon decays September 6, 2019 9/11



Separating the different A, — Kpl*¢~ signals

$ T e « Highly complex to compute all different
= background . .
! (@ LHCb S P (4450) contributions, we would need to compute FF for
“w > P,(4380 .
2 e 1\((|405)) each of them and understand how they interfere
H - 1520 .
i o Aisoo) (relative strong phase).
i o A(1670)
cexee A(1690)
R o Possibility to separate the signals because of their
B different nature (spin).
ceeaee A(1890)
--sge- A(2100) ) .
A2110) o We can build observables that would differ strongly
for spin 1/2 and 3/2 (this can be used to check the

2.4 2.6
my,[GeV]  selection is correctly done)

(1507.03414]

A(1115) — 1/2+ A(1520) —» 3/2~ A(1670) —» 1/2°
A(1405) — 1/2~ A(1600) —> 1/2+ A(1690) —» 3/2~
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Np — A form factors

o 10 form factors in total
o Results are available from lattice simulation [1602.01399]

Np — N* form factors
o 14 form factors in total
o Only preliminary results are

available from lattice
simulations [1608.08110]

h 3 m 5
¢*[GeV?)
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