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Motivation
Vi o
Q Studles of 'semileptonic baryon decays such as
— Al Vv, can be used to make precision tests |
o1pthe Standard model and possibly find evidence 3
for new physics. W m
* Heavy-flavored S.L. baryon decays are well suited to study
CKM parameters, such as |V, | and |V ]| T ENN—
alsgur and Wisel!l provided the framework of Heavy g ‘ d
Quark Effective Theory: - et
* S.L. baryonic decays are generally described by 6 = '
individual form factors
W = va UAC
0 In the “static approximation” my, m, — oo, form s 5 23 /(9m2 1?2
factors can be described by a single function E(w) = (Myo + myy — q°)/(2myomy.)

[1]

1 Recent Lattice-QCD calculations! predict *V/,
which can aid in a precise determination of |V |
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Neutrino Reconstruction
Drpy A
2 Missing neutrino track requires special treatment: A% momentum can be
calculated up to quadratic uncertainty by using vertex information and
conservation of energy and momentum
- Lowest value solution of ﬁAg is the correct solution for a majority of events
* Differencesin w,.,and w, . arise from limited detector resolution and choosing the
incorrect p 4o solution.
b o 01: L L L s
2 009F LHCh -
0.08 E =
O Wyes = W — Wyen, fit 3 :
res — YWmeas gen 0.06 - 3
with Crystal Ball function o ——
for each bin in w. 339:—-— E
0'.015— —
0_: S S A S S E S =
‘ 1 1.1 1.2 1.3 1.4 .
| W I
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Analysis Strategy

1Measure the raw inclusive yield A} = Afu™v, X with A - pK~n™*, and
subtract contributions from ALt modes to get the exclusive yield.

* Correct the exclusive A(,), — AL u-v, yield for selection efficiencies using simulation
0 Do the neutrino reconstruction
0 Unfold the spectrum 2N/ = to the true distribution
0 Fit the spectrum 2N/ using HQET prediction for &(w)

0 Repeat the procedure binning in g? to compare with Lattice-QCD
calculations
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Mass Spectra B2
Ly
DEp AV
x10°
0 Full 2011 + 2012 datasets corresponding to 3fb! integrated luminosity N jgg A9 5 Aty X H LHCb
Q Slmultaneous fit to m(pK ") and In(IP/mm) to determine the inclusive 2 o T
/lb - Atuv X Yield, including prompt & combinatoric backgrounds A 500
o At andldates within £20MeV of mppg(A%) are combined ¥ 7™ tracks to " I
determine yields from AL modes o
0 Subtract A% yields to obtain the exclusive /10 — Atp~ Vv, yield, binned in w. 100 4 \,
0= 22I50 . —--23JOO- § -2;50-
m(pK'n™) [MeV]
_ . §' 8000 | /,; N ' .
Final state Yield 2 o0 £ 2500F Ab - /1+1r T TL LHCb 3
A.(2505) 7, 8560 £ 144 g e W i SN
A.(2625)Tp" v, 22065 + 266 o = 1500 :
A (2765)TuD, 2075 £+ 225 2000 1000 —
A (2880) u" v, 1602 4+ 95 mi 5002_ &
AT p v, X (2.742£0.02) x 105 [Z 25,0 snatenateretnentst® ogue et eanens® - L L
2600 2620 2640 2660 2700 2800 2900
M)A m (A7) [MeV] mpK 7wt m)-mpK ) tm (A [MeV]
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Determining the Unfolded Spectrum =50
DEp AY
2 In order to compare with theoretical models, it is
necessary to unfold the w,,,,,s to the true distribution to 5
account for smearing induced by the finite resolution. : [ ]
= - —— -
. . . . . 15k e — LHCb
2 Unfolding procedure is based on the SVD regularization —— == §
method!*?], accomplished using the RooUnfold package ~ ===
* Full covariance matrix is produced, used in subsequent fit of ==
Isgur-Wise function e Revonstructed -
* R; gives the fraction of events in bin w; 4., that end up in bin e Retntoldsu ]
Il.lll - I1|.2III Illjll Ill.l4l

Wj,meas

aUnfold from 14 bins of Wy, ¢4 to 7 bins of wy,,

=
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The Isgur-Wise Function Shape

0 In the static approximation (m, & m_—> o), the
6 F.F’s describing A, ° decays are characterized
by a single function §(w)!!]

dN ., | dw

0 Function is /4N /.. divided by a kinematic S
factor K (w)

0 Theory-motivated expressions for E(w) are fit S0l
to the data to determine slope at zero recoil I Taylor Expansion
(p?) and curvature (o): Exponentiall3! and dl ]
Dipole!*! | ) | w

2

2 Also perform a Taylor expansion to study the Ep(w) = 1 — p2(w — 1) +%(W _1)?
kinematic limit (w = 1)
* Only minor corrections in (}/m,,, 1/m_) expected!®
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% Comparison with Theory Predictions =%

Theory Prediction for the slope of §{(w)

QTaylor expansionis in - | ™" S

good agreement with 1.35+0.13 QCD Sum Rules [6]
theoretical predictions: L2 Lattice-QCD (static approximation) [7]
1.51 HQET [8]

* Bound on p? > 3/, from Ref.9

Our Fit Results for the slope and curvature of {(w)

Curvfatu re W|.t:|:1 uncegtam(tjl.es p2 o2 Correlation 2/DOF
consistent with lower bouna: Coefficient

2 3 2 232
o° = + from
Ref. 10 /slp (p7)7] Exponential* 1.65+0.03 2.72 +£0.10 100% 5.3/5
Dipole* 1.82 £0.03 4.22 £0.12 100% 5.3/5
Taylor Series 1.63+0.07+0.08 2.16+0.34 97% 4.5/4

*Only p? is floating in the fit, 02 determined from the fitted slope
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Comparison with Lattice-QCD

"1 Recent Lattice-QCD calculations!?! predict the 6 F.F.s for
A} decays in terms of g2

» Simplest check on the theory: Compare measured dI'/dg?
with predicted spectrum

 dI'/dq? related to dN/dq? by a constant term including

|Vep |2
0 We derive dN /dg* exactly as we did for w, and perform ">t Single z-expansion :
a x2 fit to this distribution using the function described I . e T
in Ref. 2, with only the overall normalization floating. @ ogoiges [GEV]
Q Lattlce—QC'D caIcuIatlons.do. ngt allow for a simple m
extrapolation to the static limit:
*  We check the consistency with the static approximation Bl (tefinalzEen deaiis) —
assuming all 6 F.Fs are proportional to a single z-expansion Single z-expansion 1.85

function!1]
* Resulting fit yields a P-value = 87%, static appx. is OK
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Conclusions
A 02,2

0 A precise measurement of the Isgur-Wise function shape for the decay A(l’, - Afuv
has been performed.

0 The slope and curvature of £(w) are consistent with theory predictions from:
* QCD sum rules

* Older Lattice-QCD calculations with large uncertainties
 HQET

0 Study of dN /dg? is consistent with Lattice-QCD calculations, which will allow for a
precise determination of |V |

Thank You

References and backup slides follow
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Isgur-Wise Shapes

‘ 2 IThe differential decay width is related to the IW function &(w) by:

ar _ 2
dw — GK(W)EB (W);
where G is a constant term including |V, |? and K(w) is a kinematic function.

0 The IW function is fit parameterized in 3 ways:
Exponential: Eg(w) = EB(l)e[‘pz(W‘l)]
Dipole: E5(W) = (¥/y+1)?"
Taylor Expansion: §g(w) =1 — p?(w—1) + 072 (w —1)?

0 Curvature is a free parameter only in the Taylor expansion. It is extracted by &' (w) for the
Exponential and Dipole fits.

‘ .
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Single z-expansion

5 élfé _ G%lVobli;\/i+S— (1 _ @)2 Nominal Function
adI'/dqg~ is expressed in terms of 6 ! oy ‘
independent form factorsi2!: f, , , and X{*l('m?”qz} (54 (P + 5 [12T)
g+’O’J_ +2 ;2[} (S+ [(-m,a;g - mx) g+(q2)]2 +s_ [(mﬂg + mx) f+(q2}} 2)
- Form factors are expressed in terms of ﬁ;*;? ( (g = mx) 2oe®)] + 5 [(maag + mx gg(qz;f) }
the z-expansion!11l:
f(qz) = 7 X [Clg + afzf(qz)] ar G|V /o75- 2 2 Reduced Function for
1-— qz/(m )2 19 = T —eo3 3 (1 - _;) 9% (¢*§ingle z-expansion
pole dg (68 Ml q
0 ag and a{ are allowed to float in our fit. x{d(.m.§+zq2) (++5)
—|—$ [5+ (mﬂg — mx)z + s_ (mﬂg + -m.x)z} [QmE + qE] }
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