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Motivation from AAcp

AAcp = ACP(KJFK*) - ACP(W+7T7)

where

ACP(f’ t) - r(DO(t)_>f)+r(DO(t)_)f)

> Current value: AAcp = (15.6 £2.9) x 107* |00 0en

» This is a 5.30 deviation from SM
» What could be missing?

i Statistics
ii Big non perturbative effects
iii New physics
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Motivation from AAcp

What does this have to do with lifetimes?

> We want to constrain further the three possible explanations
» Inclusive decays are easier than exclusive ones

> If a theory is working well for the easy case then it could work
also for the complicated case - BUT this is not a proof
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Charm Baryon Lifetimes

» The last couple of years LHCb published papers on precision
ts of QU AF =+ and = .

measurements o cr»=c an [arXiv:1807.02024]

[arXiv:1906.08350]

i 7(Q0) = 268 £ 24 + 10 £ 2fs
i (A7) =203.5+£1+ 1.3+ 1.4fs
iii T(Ei)—4568:|:35:|:29:|:31f$

iv 7(2%) = 1545+ 1.7+ 1.6 + 1fs

» Theoretical predictions are far less precise

» Test framework on simpler cases (mesons) and then apply
them to baryons
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Framework

Effective Hamiltonian: Heg = % [GRL+ G+ Qe + Q]
@ =57, (1 —s) ciiy® (1 — ) d;

@ =5 (1 —5) cipy* (1 — v5) d;

Q=57 (1—7s)cly* (1 —1s) v

» @Q; involves long distance physics

» (; involves short distance physics
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Heavy Quark Expansion(HQE)

» Heavy quark momentum = hadrom momentum i.e
P = mqvH + k*

> T(H = X) = 52 S Jos(20)*5@ (b1 — px) (X [Her| H)?

» Using the Optical Theorem: T(H — X) = ﬁ<H|T|H> where

T =1mi [ d*xT [Hefr(x)Herr(0)]

» Finally expanding in inverse powers of mg we get:

[ =
Mo [C3<H|QQH> P Ul o LI RIC s +}
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Dimension 3 contribution

» The leading term comes from the decay of the charm quark
» Diagrams appear at 2-loop level
> We want to consider all possible decay channels

» By adding all possible fermion combinations: ¢3 =~ 6.5

Christos Vlahos Durham University

Lifetimes of Charmed Hadrons



Framework
[e]e]ele] Telelelele]e]

Dimension 5 Contribution

» First correction in HQE: soft interaction with spectator quark

» In the charm system c5 =~ —0.6
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Dimension 6 Contribution

SN X
N7, < A

» Next correction: Interaction involving the spectator quark (3
topologies)

» Diagrams appear at 1-loop level = enhancement by 1672
compared to previous diagrams

» Non-perturbative effects: Bj > and €1
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Non-perturbative effects

First calculation of bag parameters for D mesons was completed in

2018:

1.0

1.5 2.0 2.5 3.0 3.5

Lifetime ratio (D system)
4.0 4.5 5.0

°
AN

(D *)/7(DY)
HFLAV: 2.536 + 0.019

HQE: 2.7%3

74
.82
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Non-perturbative effects

\ Obs. P [t [P [(0=8) [T [TV [ (0= [ =
7(B*)/7(By) ++|++] 0 + |++] 0 0 wx (74)
7(Bs)/7(Ba) ++|++] 0 = [++]o0 0 xx  (6.5+)
7(Ap)/7(Ba) ++] 3]0 + + |0 0 wx (4+)

7(b— baryon)/T(Ba) | ++| 0 | 0 0 + 10 0 *  (34)

7(Be) +]101]0 + 0] 0 0 *  (24)

TDN/r@% |+ [++[ 0 [ + [++[ 0 [ 0 | (7+)

(D7) /(D) T+ 0 | £ [+ [0 0 [ (651

7(c — baryon)/T(D°) || ++] 0 | 0 0 + 10 0 x  (3+)
[Lenz '18]
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Dimension 7 Contribution
| N (¥ ,
d d /® < h u i [
» Expanding further the above diagrams one obtains dimension
7 operators = bag parameters p1_¢,01_6

» Still undetermined but use vacuum insertion approximation:
pi=1+1/12,0;=0+1/6
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Next-to-leading Order

[Hokim, Pham ’84] [Franco et al '02]
[Bagan, Ball, Braun '94]

[Lenz, Nierste, Ostermaier '97]

[Greub, Liniger '00]

[Krinner, Lenz, Rauh "13]

» Do we really need to go to NLO?
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Next-to-leading Order

» LO can give unphysical results (e.g. 7(DT) < 0) x 10070001603

» Two NLO components for a full calculation
i LO diagrams with NLO Wilson coefficients
i NLO diagrams with LO Wilson coefficients
> as(me) = 0.42 =~ 2a5(mp)

» Indications of big corrections at dimension 3

[Review by Lenz]

— NLO

3C2+2C;Cq+3C3% - lo
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Lifetime Ratios

(22) (0) o3

#w D2 <G “G 2 6,Bx Dy
T(Dl) _ W=z C +C3 2m ZBX BX +ee
’T(DQ)

D
2
u2(Dy) e w%(D1) 1 6B Dy
1_772(3)_’_%(;72_’_72}:)( C3XB +..

p 7(D1) 1 4 1a(D2) =y (Dr) | C@“%(Dl)—ﬂ%(@) T

7(D,) 2m2 c 2mg
D D.
B 55 B2
+ZBX C3m3,x +”'
T(D1) .
> 7(D2) 1+ rO
(D1)~42(D2) 2 <Dz) i(0) | o5, BY —c"l BY
1 C3M7r 12mu” 2 + cg=¢ m ¢ Z 6.5« +...
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Numerical results

> (:((DD;))> = 2.2+ 0.4(hadr.) tg? (scale) = 0.0(param.)
MS ’ [Lenz, Rauh, '13]
T(D+) B
> ( ool ) =2536+019
Xp
7(D¥)
> (%) = 1.194+0.12(hadr) +0.04(scale) £0.01(param.)
MS [Lenz, Rauh, '13]
» (72 1089+ 0.019
@0 )___ =+ '
Xp
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Conclusion

» In order to test the 1/m. expansion in AAcp calculations it's
good to verify its validity by applying in a simpler calculation
(hadron lifetimes)

» HQE is a powerful tool for the B system but it's still open to
verify how fast it converges in the charm system

» Going NLO in a5 looks to have significant effects in lifetime
calculations

» Current numerical results look to be in line with experiments
but pushing the expansion in as and 1/m¢ will help test the
validity of pert. theory and HQE near the charm scale

» Then can move to the more complicated case of baryons and
test against the new experimental values
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Thank you for your attention!
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