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1. Introduction

Why is |Vy,| important?

@ |V is orthogonal to v in constraining the UT.

@ An inconsistency between |V | and 3 could signal new physics.
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e Could a right handed current explain the |V ;| puzzle?
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1. Introduction

What makes |V | possible at LHCb.

Less final state protons + excellent proton PID (A, — pu~v,).
Use of the corrected mass and its associated uncertainty..
Effective control of g2 uncertainty.

Ability to effectively isolate our signal.

Existing measurement for B(A. — pK).
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2. Strategy

Analysis strategy

@ The strategy is to normalise Ap— puv to Ap— Ac(— pKm)uv in the
high g region.

B(Ab — puivﬂ)q2>15 GeV2/ct _ N(Ab — P.u‘ivﬂ)q2>15 GeV?2/c4
B(Ap— Acpiv)goq Gev2/ct N(Ap— (Ac— pK=mF)ur)go 57 Gev/ct

e(Ap— (Ac— pK™ 7" ) uv) o 57 Gevy et
€(Ap—> PITTp) 2515 Geveyct
x B(Ac— pK~7h)
[V |*
[Ven |2

R exp — R theory

@ Yields N fitted using corrected mass.

o Relative efficiency obtained from simulation.
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2. Strategy

Theory ratio

@ Use the latest Lattice results for these decays to calculate:

Gmax dr(Ay—=pp”vy) 2 42
R 15 GeV2/c* dq? /| V“b| dq
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3. Selection

Datasets and preselection

2012 dataset, 2fb~! for Ap— pp~ v, and 1fb~1 for Ap— Acpi™ vy,
Stripping S20r0p2 StrippingLb2pMuNuVub Module

Tight Proton PID and momentum cuts (DLL(p — K) > 10 &
DLL(p — 1) > 10 & P > 15000 MeV/c).

Trigger decisions: LOMuon & (HIt2SingleMuon || HIt2TopoMu2Body)
+ TOS on these.

@ ~16 MC samples (filtered + unfiltered for signal and normalisation)
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3. Selection

Selection

@ Isolation BDT removes backgrounds with additional charged tracks
that could vertex with pu candidate.

@ Applied also to normalisation channel (ignoring kaon and pion).

o Fit the corrected mass: Mcorr = /P2 + M3, + pr

@ Determine the corrected mass uncertainty, op,,, -
o Cut at oy, < 100 MeV/c2.
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http://www.hep.ph.ic.ac.uk/~ws08/mcorr2.gif

3. Selection

q> Selection

@ Reconstruct neutrino and hence g2 up to a 2-fold ambiguity.

e Cut on both solutions > g2,, to minimise inwards migration.
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4. Normalisation fit

Normalisation fit

e Fit pKmp corrected mass to determine N(Ap— Ac(— pKm)uv).
@ Non-A. background shape and size obtained from pK fit.
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o Rate dominated by A, — Acpv, Ap — N:(2595) + pv and
Ap — N5(2625) + pv.
o Fit yields N(Ap— Acp~v,) = 34255 4 571.
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5. Signal Fit 11/21

Data Driven Constraints

o Reconstruct a number of modes: A, — (D° — K7)pp =7,
Ap— (Ac = pKTn 7)™ 7, and Ap— (Ac = pKO)p~ 7.
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5. Signal Fit

Signal fit Model (26 parameters)

Ap— N*p~v,: K/m — p Miss ID:
RN(1440) Nyip
Rn(1520)

R (1535
Rn(1720) Combinatorial:
Ncomb
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5. Signal Fit

Signal fit

@ Measure a signal yield of N(A,— pp~v,) = 17687 £ 733
@ First observation of A, — pu~v, decays.
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6. Efficiencies

Relative efficiency

o Relative efficiency obtained from simulation.
@ Main difference due to pion and kaon reconstruction for A..

Source Relative efficiency & Slide
DecProdCut 0.645

Stripping & Trigger 8.71

Mecorr €Fror 0.228 31
Truth matching 1.04 £+ 0.001

Isolation 1.049 + 0.014 32
PID 1.173 £+ 0.002 33
Tracking corr 0.995 + 0.03 34
Trigger corr 1.032 +0.032 35
Ap production 1.073 + 0.005 36
Ac decay model 0.998 + 0.03 37
Ap lifetime 1.042 +0.015 38
g* migration 0.95 + 0.004 39
Form factor corr 0.985 £ 0.01 40
Total 1.76 +0.10
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7. Systematics

Systematic uncertainties

Source Relative uncertainty (%) Slide
B(Ac — pK) =7 arXiv:1312.7826
Trigger +3.2 35
Tracking +3.0 34
Ac decay model 3.0% 37
N** form factors 2.2% 41
Ac & Ap lifetimes 1.5% 38
Isolation 1.4% 32
Form factor 1.0% 40
N*T widths 0.7% 42
Ap production 0.5% 36
q* migration 0.4% 39
PID 0.2% 33
Truth matching 0.1%
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http://arxiv.org/abs/1312.7826

8. Results

Measurement of the ratio of branching fractions

B(Ab— pi V) ges15ceveycr N(Ap— pr V) g2>15 Gev?/cs
B(Ab_> AC/“/)q2>7 GeV?/c* N(Ab_> (AC - pK—W+)/JJV)q2>7 GeV?/c*

e(Ap— pp~vy) -+
A K
e(Ap— AC,LFVM)B( = PKTTT)

=(1.00 + 0.04(stat) & 0.08(syst)) x 1072

Result Value Slide
N(Ap— pu~vy) 17687 + 733(stat) + 408(syst) 13
N(Ap— Acp™ 1) 68510 + 1142(stat) 4
e(Ap— pu~vn)/e(Ap— Acpu™vy) 1.76 + 0.10(syst) 15

B(Ae — pKT) 0.0684"% " (syst) arXiv:1312.7826
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http://arxiv.org/abs/1312.7826

8. Results

Measurement of B(A,— pu~v,)

@ Use theory to extrapolate to a full branching fraction for A, — pp~v,,.

B(Ap— pp~7,) 2>15GeV2/ct
B(Ap— pp~7,) =Ta Vszh =9
( pu M) o Veb|“Ft eoryB(Ab_> ACMilj,u)q2>7GeV2/c4

Ty e
fBr Ex. Factor = 16,856+ 442.7 FHO BF Ex. Factor = 10.56+24;

500E Entries 10000_ 350F Entries 10000
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] SOE
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BF Extrapolation Factor HO BF Extrapolation Factor

B(Ap— pu~v,) = (3.92438) x 107*

@ Constraint on Ap— pu~ v, as a background for the decay Bs— ppu.
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8. Results

Measurement of |V |

‘Vrub‘2 == |Vcb‘2(Rexp/Rtheory)

Inclusive

Exclusive —_——

LHCb puv
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8. Results

Measurement of |V |

|Viup| = (3.2740.07(stat) +0.13(syst) +0.15(theory) +0.06(| Vep|)) x 1073

Inclusive
Exclusive —_—
LHCb puv ——

0.0025 0.003 0.0035 0.004 0.0045 0.005

|Vub|
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8. Results

20/21

Implications

@ 6.7% uncertainty on |Vyp| (8.8% current exclusive average).

@ Value obtained is 3.70 below the inclusive average.

o Can check the consistency of our [Vyb|/|Vep| with 3 = 22,5458
@ Our results appear to disfavour a right handed current.

| x10°

L
ub

\%

LHCb Ap— pp~ vy (7.4%)

Inclusive (6.5%)

Exclusive (9.7%)
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9. Conclusion

Conclusion

@ We measure the ratio of branching fractions of A, — pp~ v, and
Ap— Acp™ vy, at high q°.

@ First observation of Ay, — pu~v,,.

@ Provide a constraint on B(Ap— pu~v,) for Bs — pu analyses.

e From this we determine: | V| =
(3.27 4 0.07(stat) + 0.13(syst) + 0.15(theory) + 0.06(| Vb)) x 1073

@ Our measurement is 3.7¢ below the inclusive measurement reinforcing
the | V| puzzle.

@ Interesting prospects for exploring the implications on the UT and
right handed currents.
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10. Backup Slides

Form Factor Definitions

A. New definition (helicity form factors)

This definition is as in Ref. [1].

n

(X ()T A (D)) = Tx [fu (ma, ~ )%y

ma, + Mx 5 g
+fi——= (p“ﬂ:“— (m3, —ﬂﬁ)—g)
LR a
2 2
+f1 ("r“ Rl S ﬂp’“) ]UA.,- (1)
sy EN

. - @
T2 UA(p) = T 0 (i, + 1) 5

MA, — M , q"
+ oy X(p“w“—(fﬂia—ﬂ'&)—)
2m. 2my,
+01 (T“‘FE—XV—S—MP“)]UM, (2)
where ¢ = p— p’ and

sy = (my, £my) — ¢ (3)

LHCb Approval William Sutcliffe Vb from Ay — puv



10. Backup Slides

II. FINAL RESULTS

The form factors in the physiecal limit are parametrized using
1

fla*) = W[ﬂé +af 2(¢")], (15)
with
) = e (16)
+ =+ T+ —Tf
t= (m/\. +mx)?, (17)
tg = (ma, —mx)?%, (18)

The pole masses are fixed to the exact values in Table I. Because of the constraint (14), which is at the point z = 0 for
our choice of tq, the form factors g, and gy share the common parameter u“ 7+ The central values and covariances
of the fit parameters are provided in data files.

Equation (15) and the corresponding parameters are referred to as the main fit. To estimate systematic uncer-
tainties we also provide a higher-order fit (HO fit). The HO fit has the form

frold®) = ﬁ [ o + 8l 1o 2(@%) + el o (@) (19)

Form factor  J®  mpoie(As = p)  mpote(As =+ Ac)

feo fo 1- 5.325 6.332
fo ot 5.656 6.725
g+, 90 1+ 5.706 6.768
g0 0" 5.279 6.276

TABLE I. . Masses (in GeV) of the relevant form factor poles in the physical limit.
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10. Backup Slides

Differential Branching Fraction and Theory Systematics

‘We define
s+ = (ma, £mx)* — g% (23)
The differential decay rate is

AU GR|VulPyais (1 m? )’

dg* — T687°my, I'd

x {4 (m? +24%) (S+ lou)? +s- [fx]ll)

+2m}’;r22q? (S+ [(ma, —mx) g% + 5 [(ma, +mx)f+]2}
*6%? (5+ [(ma, —mx) fo]* + s [(ma, + WXJBOIE) } (24)

3. The final result for the observable is given by

0+ oo + max(\oﬂo -0, /|3, Ho—ag,\). (22)

stat.

syst.
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10. Backup Slides

Branching Fraction Extrapolation Factor

=14 B(Ab_> pu Vu)q 2>15 GeV2/ct
*B(Ap— Acp™Tp) 257 Gevey/ct

B(Ap— pu_fu) ‘Vcb‘thheory

o dT(Ap—s Ay T
:TLbBratio‘ Vcb‘2/ ( d QCM 'u)/‘ Vcb‘2dq2
7Gev2/ct dq
(1)
max A
0 2/ ct 7"%“ 22 /| Vip|* dg? @)
max A v
fquGeVQ/c“ b—>Pu H)/’V b‘qu
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10. Backup Slides

MC Samples

LHCb Approval

Decay Stats B Decay Model

Ap — N~ 7, AT — pX Neutral 3m filt EvtLb2Baryoninu
Ap = N~ 7, Nb — pX Charged 3m filt EvtLb2Baryoninu
Ap — N~ 7, AT — pKm Normalisation  0.6m filt EvtLb2Baryoninu
Ap = N'777, NI — pK7 Normalisation  0.05m filt  EvtLb2Baryonlnu
Ap = A n~ ™o, AT — pX 0.15m filt EvtPHSP

Ap = A7~ T, AF = pX 0.15m filt EvtPHSP

Ap = AT, AE — pX 0.15m filt EvtPHSP

Ap = N(2625) ™7, A& — pX 0.6m filt EvtLb2Baryoninu
Ap — N(2595)u~ 7, AL — pX 0.3m filt  EvtLb2Baryoninu
Ap — N(2625)u™ v, A — pKr 0.1m filt  EvtLb2Baryoninu
Ap = N(2595) ™ 7, A& — pK= 0.1m filt EvtLb2Baryoninu
Ap — Dpp~w 0.6m filt EvtPHSP

Ap = pu~ v 0.6m filt  EvtLb2plnuLQCD
Ap = N*Tpu~ o, N*t — pX 0.5m filt  EvtLb2Baryoninu
Ap — prlu T 1m filt EvtLb2Baryoninu
Ap — pu~ v 5m EvtLb2pInuLCSR
Ap = pu~ U 1m EvtLb2plnuLQCD
Ap — N~ 7, AT — pKm Normalisation 10m EvtBaryonPCR

William Sutcliffe
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10. Backup Slides

Signal Selection

Proton cuts cuts Mother/Comb cuts
P > 15000 MeV P > 3000 MeV cos 4, (puy > 0.9994
pr > 1000 MeV/c pt > 1500MeV/c  M,, > 1000 MeV/c
Track x? < 6.0 Track x? < 4.0 Vertex x? < 4.0
Min IP x? > 16.0 Min IP x? > 16.0 FD x> 150.0
ALL(p— K) > 10 isMuon = true pt > 1500MeV

ALL(p—m) > 10 Ghost Prob. < 0.35
Ghost Prob. < 0.35
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10. Backup Slides

Normalisation Selection

Kaon cuts Pion cuts Mother/Comb cuts
P > 2000 MeV P > 2000 MeV cosfp,a. > 0.9

pr > 300 MeV/c pr > 300 MeV/c cosl 7, (Ac) > 0.99
Min IP 2 > 9.0 Min IP x? > 9.0 pKm Vertex x% < 6
ALL(K —7) >0 ALL(m—K) >0 Acpi Vertex x2 < 6

Ghost Prob. < 0.35 Ghost Prob. < 0.35 2650 < Mk, < 3050MeV
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10. Backup Slides

Corrected Mass Error

N O = D
(-0 Rb et DY
(pz —(z-2) (pz(()’:_;/))21"(;()’—yl);;);r(iz(zz—/)zz)’)))Z

2 2 2
=t (5) o) (%)

2 (Opt 2 2 (Opt 2 2 (Opr 2
I < ox’ ) oy oy’ tow oz’
0 1o}

LHCb Approval William Sutcliffe Vb from Ay — puv



10. Backup Slides

Miss ID Approach

; N(P,n, TM)x — M(P,n, TM)k_rn(P,n, TM)k
P TM +1 — s s s Iy s Iy 4
(o T (P,n, TM). @

; N(P,n, TM)kx — M(P,n, TM)r_skn(P,n, TM)!

P ™ +1 _ sy Iy s 1]y , 1, T
(P T (P, TM)x ©

Pions
DLL(K — m)> 0
& DLL(K — p)> —¥
n(p,m)%

DLL(x — K)> 0

Kaons

DLL(7 — K)> 0 DLL(K — 7)> 0
& DLL(7 — p)> — & DLL(K — p)> —9
()7 s Eandidatei e nlp,mi

DLL(p — K)> 10
& DLL(p — m)> 10
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10. Backup Slides

Corrected Mass Error Efficiency

(14, 15)

31/21

e Good agreement in MC between Ap— pu~v, and BT — Jap K.

@ Derive correction to relative efficiency using Data vs MC for

B+ WK™,
0.04
0.025F T E T T T
E Simulation oossE & (%, B~ JyK*
002f —— v 003E : o, —~MC
E E o
0.015F ——Jy K E 0.025 R “‘ —~ Daa
F 002F N
o 3,
0.01f E 0015F o .
- o
E 0.01f oo,
0.005F 3 Py et
& 1 1 ! d 1 1
0 200 200 600 0 100 200 300 200
Corrected mass error (MeV/c?) Corrected mass error (MeV/c?)
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10. Backup Slides 32/21

Isolation Efficiency

(14, 15)
@ Relative efficiency almost unity in simulation.

@ Reweight simulation BDT Isolation to that of normalisation in data to
evaluate a systematic.

0.1, T T T 0.035 T T T 5
0.09F E E E
0.07F Ly o Lopy 0.025F 4 } —~ MC (reweighted) 3
0.06F- Rk ‘ oo2f ] E
0.05E RS »* L, > pHV g é data g
0.04F K s E 0.015¢ E
0.03F  eev, “oun, E 0.01F A 3
0.02F o0 ** 38, E F s E
e tete. 0.005F # . 3

0.01F « oy, E E Vom E
! 3800, 0 & ! ! Tate. . 1

1 05 0 05 1 -1 05 0 05 1
|solation response Lc_isolation
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10. Backup Slides 33/21

PID efficiency

(14, 15)
@ PID callib, Ap— Acp~ v, sample
@ Main difference in relative efficiency is due to the extra K and .
@ 100 variations of PID histograms used for evaluating a systematic

N

§48883858

Proton p_ [MeV/c]

g

60 100
Proton momentum [MeV/c]

5|

20F 3

151 -

10 =

s5F 3

0% Tl 17 1B 11 12
PID correction ratio (puvl/\cuv)
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10. Backup Slides 34/21

Tracking efficiency

(14, 15)

@ Reweight according to track multiplicity and efficiency maps from J/i
tag and probe.

@ 1.5% systematic for kaon and pion to account for material
interactions.

i
Y]

LI L A L L L L S A |

(R T T A AR PP P PP AP PO |

150 200 95 o.é_e 097 . 098 099 1
p (GeVic) Tracking correction ratio (ppv/ADpv)
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10. Backup Slides 35/21

Trigger efficiency

(14, 15)
@ TISTOS method applied using BT — J/ip K™ in pr and Mo,
@ Reweight according to this for a number of variations of the
correction histograms to obtain systematic.

2

9 1
3 8
5 18F E 5 s 3
5 16F E &
14F LOGHLTI&GHLT2 ~ —MC 3 ogh LORHLTIEGHLT2 —~Mc E
12F —— Data E : —— Daia
1F E 06F B
08F e ————
06E —_ E 04F . 3
04F - 3 —e—
02k == St
02F == 3 i
% 5000 10000 15000 20000 % 2000 4000 6000 8000
sum pp Moo [MeV/c7]
12F E
10F E
sf E
6F E
aF E
oF E
98

i 09 1 11 12
Trigger correction ratio (pu\)l/\cuv)
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10. Backup Slides

Ap Production

(14, 15)
e Use Ap — J/ pK in data to reweight simulation.
o Large effect due to tight proton P cut.

Events/ (15 MeV/c?)

5800 6000 62 200 0300 400
My gy [MEV/CT] App[Mev/id]
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10. Backup Slides

A, Dalitz distribution

E

(14, 15)

@ Reweight simulation dalitz distribution to data.

@ For systematic compare with a square dalitz parametrisation

mZ (GevAc?)

25 3, 25 3, W
m3. (Gev?/c?) mZ (Gev?ic?)
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Ap Lifetime

(14, 15)

@ Reweight simulation for latest Ay lifetime.

0.05 T T T
0.045F E
E 0.04F
- 0.035F A
o0 0.03F —puv E
P mean = 1.006 N
E 0.025F E
soof-
E 0.02F E
400
E 0.015F E
HoE
mf 001F E
wf 0.005F E
3 Tk 3% o Tos 0 1 12 14
L lfetime weight A, lifetime correction
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g®> Migration

(14, 15)
@ Correct for unphysical solutions and by (1 — mig;i,)/(1 — migoyt ).

12F : : : . 12F . : : : q
b Both solutions > 15 GeV? ] b Both solutions > 15 Gev? ]
10 mean = 1.99 - 10 mean = 58.5 -
: RMS = 0.07 ] : RMS=0.27 ]
8r - 8r -
6F 3 6F 3
4F 3 4F 3
2 = 2 =
[ \ \ ] [ A \ ]
18 19 2 22 58 58.5 59 59 5 60
Mlgratlon in (%) Migration out (%)
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Form factors

(14, 15)
@ Reweight by EvtGen probabilities to 100 variations of the form factors.
@ Look at effect on the trigger, stripping and DecProdCut efficiencies.

12 E E

F 12F 3

10F Ap— puv 3 F Ny~ Ny
E 10F 3
N E of 3
°F E of 3
4 :— ] 4f 3
2 :— — 2F 4
O E 1 1 1 E 1 3

0.96 0.98 1 8 0.995 1 1.005

form factor correction form factor correction
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N* factors

(14, 15)

@ Generate large scale variations of the form factors.

@ Run toy fits with datasets generated with FF reweighted corrected mass shapes for
N* states.

@ Fit with nominal fit model.

@ Difference in spreads in quadrature over signal yield is taken as a systematic.

g 140 g ) 0 =532+134
=17543£11.9 =17335+17.3

— 120] " — "
N N
100 =
’@ 80| ‘g
> 60| >
m i}

40|

20|

18000 16500 17000 17500 18000 18500 19000 18000 16500 17000 17500 18000 18500 19000

Signal Yield Signal Yield
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N* widths

(14, 15)
@ A factor 27 too narrow in simulations (bug).
e Use Ap — pr®ur MC to derive a correction based on reweighting the
pr® mass to different Breit Wigner shapes.
@ Use toy fits to quantify the systematic on the signal yield associated
with such corrections.
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