SYRAGUSE
UNIVERSITY

R '
o~ “'-I'l"“
— -"n--._, _ - n j

"i.f'ﬁga l

Semileptonic b Decays at LHCb

Alessandra Borgia

Syracuse University

US LHC Users Organization
FNAL, Batavia, Illinois
October 19, 2012



% Goals for Semileptonic B Decay SY USE
Measurements at LHCb UNIVERSITY

- Cross section of bb production e tei 5694 2010) 200 216

- Hadronization studies > Physical Review D 85, 032008 (2012)
BY, B*, B,, A\, production fractions

- Semileptonic Asymmetry, aS, - uchconio0i000

- Exclusive semileptonic decays
(Cabibbo favored /Cabibbo suppressed)

Composition of inclusive semileptonic width, form
factors and CKM parameters
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The LHCb Detector N TCBRGE:

Dedicated precision b-physics experiment
Covers forward region
Acceptance: 2 <1 <95

LHCb MC
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LHCDb Data Sets
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Key Elements

UNIVERSITY

- GGreat b reconstruction

Separation of primary, secondary and tertiary vertices.
Precise b-flight direction

- Excellent momentum, mass and time
resolutions

- Good particle identification

| X and Y resolution - offline, exactly 1 PV |
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b—hadron PI'OdLlCtiOIl Fractions UnivErsIY

- Many absolute branching fractions of B-
and B decays have been measured at e*e
colliders

Enough to measure the ratio of B, production
to either B- or B° to perform precise absolute
B, branching fraction measurements.
- Fragmentation processes cannot be
reliably predicted due to strong dynamics
in the nonperturbative regime

Improvement of knowledge of b production
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% b-hadron Production Fractions

Measurement of b-hadron fractions using inclusive B
semileptonic decays:

fs/(fu+fd) and fAb/(fu+fd)
where f,=&(b - B
Signal channels: D*Xpv, D°Xpv, D *Xuv, A" Xpv

Get cross feeds, e.g.:
B,— D, Xuv with D,”"—D%K*, D*K°, => must

O+
measure DK™ Xpuv. BF(%) Error(%)
DO-K-mr* 3.89 + 0.05 1.3

Other cross feed channels:
D° D*Kuv (B°,B*,B,)
D _Kuv (B°,B*,B,)
Dop(n)llV (B07B+7Ab)

D*=Kmn'n*  9.14 = 0.20 2.2
DSf—~KK*n* 5.50 £ 0.27 4.9
A= pKnt 5.0% 1.3 26
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http://prd.aps.org/abstract/PRD/v85/i3/e032008

% b-hadron Production Fractions:

. SYRASBSE
Key idea UNIVERSITY
f n...(BY— Duw) Trh + 77
5 corr\Pg M B BY

futfa| neonB—=D°u)+n.(B—=D"pn) 27

n

- = corrected yields for detection efficiencies

and cross feeds

Equality of semileptonic widths assumed and justified by HQET

arXiv:1105.4574 (hep-ph)
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Fit Method to Determine Yields

UNIVERSITY

- 2-dimensional fit in In(IP) and charm mass.
“Prompt D” separated from signal (DiB).
Fit in bins of Pt (charm-p) and n.

1000

Prompt D

= 800

600

Events/ (0

400

200

N —
~3nb! -

No pn -
requirement -

2 0 2

"~ In(IP/mm)

PLB 694 (2010) 209-216
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% Fit Results:
SYRACUSE

B*—=D%Xuv and B°—D*Xuv UNIVERSITY
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http://prd.aps.org/abstract/PRD/v85/i3/e032008

% b-hadron Production Fractions:
f s/ (f u+f d) UNIVERSITY

e o [l ;) = 0.134 £ 0.004(stat.) 2% (sys.)

LEP: 0.128 £ 0.012
Tevatron: 0.164 = 0.026 (HFAG PDG 2012)

0.05
[1] 10 —
p, (Charm + p) [GeV]
0.3y f</ (fy+f4) does not depend on 1 or Pt(charm-p )
0.5 F at this level of statistics over the limited Pt range
LHCb s inmn [3.51 ]
2§ VE=7TeVData ff, - :
0 s=he e : Systematic error breakdown
Source Error (%)
Bin dependent errors 1.0
Charm hadron branching fractions 5.5
B. semileptonic decay modeling 3.0
0.05 Backgrounds 2.0
Tracking efficiency 2.0
"I P Lifetime ratio 1.8
0 10 PID efficiency 1.5
P, (Charm + p) [GeV] §°5 DK X T +41
(B~,F") = DI KXy @ 2.0
Total t?g
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http://prd.aps.org/abstract/PRD/v85/i3/e032008

% b-hadron Production Fractions:

f Ab/ (f u+f d) [SJEII%%%ISJISI%

J/(f,1f,) not consistent with flat over p

. . . \
e If we fit with straight line, we get
LHCb ]
] f;,, 40

*e \s =7 TeV Data i E =(0.404 +£0.017+£0.027 £0.105) x
; fut Ja

[1-(0.031+0.004 £0.003)X p, / GeV]

Systematic error on the scale 26% from B(A.—pKm)

0.5

0.4 -:
03 = | | E

] :
0.2 -
—+— LHCb Proliminary 1 [2.3]

0.1 -
—}— COF [PRD 77.072003 (2008)] :

'LHCb

£,/ +,)

"I-h
\s = 7 TeV Data o, "BSI

]
0

10 - 20 ;ﬂ
p, (Charm+y) [GeV]

CDF: (0281400125001 01250 (p ) . =14.1GeV
Phys. Rev. D 77,072003 (2008)

LEP: 0.110+0.035 {pr}m =~ 40 GeV
arXiv:1010.1589
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Physical Review D 85, 032008 (2012)
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CP Violation 1n BOS Mlel’lg UNIVERSITY

Ve 1V T
T e L a a7 Measurements of mixing induced
CP violation in B, decays are
Bg W W _B_g important in probing new physics
q—» 7 T Ve ™ b g=d,s |°*Can show up in flavor asymmetries
q ' t
T T T T ee—— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
I
—0 I
:: BfL> = p‘ BSO> +q|B s> * Off diagonal terms are related to ::
|| B important observable quantities "
” 0 > = p‘ B“> —q Bg> « Mass differences ||
| sH 5 . .
[ - Width differences "

B, time dependent decays are ||

. governed by 2x2 complex Hamiltonian *Also: ::
I:

ii ii BEJ: M'fl—i%ﬂ 114’1’"2_fr§2 (Bf

ii dt| B, M}, _I.Ff ME i % 3

Alessandra Borgia 10/29/2012 USLUO 2012 arXiv:0904.1869 [hep-ph]
arXiv:hep-ph/0612167
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T S 3 >
e i, L
2 W=
7, Sl .
L=
[\.\‘)

First DO Result UNIVERSITY

002 ——
D@’s result with é
dimuon analysis: | 4%‘3
asy = (-0.108+0.72%0.17)% o} _
ad,; =(0.93+0.45+0.14)% st |
and |[AP, = (-0.787%*0.172%0.093)% -on:z_- _
=>3.9 ¢ from SM. : :i%uz'::i:jffiﬁﬂsim
0.04 - the measurements with

- [P selections
2004 002 nd' " "oinz
aﬂ ag)
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S
aS

“at LHCb SYRAGUSE

Measurement is asymmetry between D;p'v and D_11'v.

Final state included is D= ¢(1020)n* only.

Our measured
guantity

15

[eoe]

s ( s } e " cos(AMDe(1)dt

(D, u'v)—-T(D uv
(D, u'v)+T(D uv)

t=0

C2 _|W e_ncosh(gt)a(r)dt
Lo

B./B;
Production Y
asymmetry ~1%

Acceptance integral is small

in B, case because of rapid
oscillations. (~0.2%)
LHCb-conf-2012-022
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Candidatess / 3 MeV

The Measurement

Measure yields with mass fits

Fit D and D, simultaneously with double Gaussians

and 279 order polynomial background.

SYRACUSE
UNIVERSITY

Also fit in 50 muon p-px-py bins to reduce kinematic

—
=
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—
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blases
>
LHCh ﬁ )
Preliminary —_
P
iR
(a) =T
=
=,
L L . - u
[ig
[ ] » » o [ | » » » » [ »
TR50 1000 1950 000 1800

m{ K"K n*) (MeV)

LHCb
Preliminary

ool L1

L i 3 L 5 5 3 3
1850 150 1950 X000

Magnet up

Magnet down

Mass fitting
D_p* 40945 + 285
DIy~ 39849 + 239

Alessandra Borgia 10/19/2012 USLUO 2012

5H7H5 £+ 278
56447 £+ 294

m(K'Kx" ) (MeV)

LHCb-conf-2012-022




The Measurement (cont’d) SYRAUSE

Measure detection, trigger and tracking
efficiencies with calibration samples.

Jy, D™
’
w L L L LA A R LR BRI
<vent triggered by hadronic ecay N —KS I/ 7]
Event triggered by had B decay = 03 KS 1
= i, -=MS )/ -
, D E [ 7 - Signal i
"TOS” ‘ = 002 —
r; " { = '—"l? N
° ) I LHCb
Lo - - oot Preliminary
Signal b side ! L
P N p D01 =#
Opposite b side 3 B
Jhy p
“x\“ u D-.-..I...I...I...I...
~. 0 20 40 60 il 100
p(u’) [GeV]

Jh— p ' selected in events triggered by b-hadron not decaying
into a J/Ay, using only kinematic selections.
Used to determine g(pu*)/¢(n) for the muon identification algorithm

and muon dependent triggers. LHCb-conf-2012-022
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Pion Efficiency UNIVERSITY

Full Partial

3> f@ ®  wice ] 3%F <\ Hch @ -
=10° = . ]
S f [ 3 3 Jaoooof- % e .
% ; t & -/ * .
g T ° & 30000 4 -
10’k ; 2 4 T ol ‘\ .
2T ) Nt & [ :
8 g - 1 © 20000 —l L% .
1025— 1uuuuf~f \k—-—-f
r L =———~——% m
: - 7 kS .
1-;10 I 1-II15 - 1I5EI 1I55 - I160 I:'1.4(;; 150 130 170
mIr(K 3:0"1-mIK 301 (MeV) mir (K T m)l-mIK 7)1 (MeV)
LH'.':b1 02 pr[0.3-11GeV  py[1-2]GeV  pr>2GeV
. . . 1E_ + - —— - f _____ p[2-10]GeV
- From D™ calibration sample ~ 038
£ 102
- Used to measure the momentum L 1E_ y-—--p--- _{,_pm_mlﬁw

] . . +

dependent efficiency ratios. £ ose

1.02

- No momentum dependence found. 1E_ % ¥ pp0-100/Gev
0.98
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1.2

Misidentification rate (%)

Systematic Uncertainties

SYRACUSE

l.l

0.9E
0.8F
Z 07F
0.6F
0.5E

UNIVERSITY
Sources 0 (Ameas) (%)
Signal modelling in D} mass fit 0.06
Background from other b hadrons 0.05
Momentum difference between m and p 0.06
Momentum difference between the same sign and opposite sign kaons 0.02
Muon corrections 0.05
Varying run conditions between field-up and field-down 0.01
Muon mis-identification 0.01
HLT?2 bias in p-topological trigger 0.05
Statistical uncertainty on the efiiciency ratios 0.10
Total 0.16
Kand n probabllltles to be identified asap
:g: (a) LHLb Preliminary oKt —E. E —— () Lﬂcb Preliminary ot 1
4 06 7
i N: '~ 3 | Small differences
E == | |between opposite
3 04F E .
== e ERN: e 1 |signs
— 3 osf == , : '
; E : ]
) 1 ) L . T 02 . ! . ; ] L L L . L

50 100 0 50 100
p (GeV) p (GeV)
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Measured Result, A

Magnet Up
Preliminary
A .= (0.100.41+0.15)%
— P77
;E 5
~» | LHCb ]
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< ]
LS o pl—
anid ;
'ln.. P T 1 e 1

20 40 60 80 100
Muon Momentum [GeV]

20

A

F
A0

‘aLITl::;:lr'- [

meas

Magnet Down

Preliminary
meas = (-0.34%+£0.35+0.13)%
”]L" LA DL LI DL L DL L L DL
[ LHCh i
sk Preliminary (b) i
[ H ]
(D :
-5:. _
_“}'. M P 1 — 1

40 60 a0 100
Muon Momentum [GeV]

20

A

SYRACUSE
UNIVERSITY

Average
Preliminary

meas = (-0.12£0.271+0.10)%
77
[ LHCb
o[ Preliminary (c) h
of ¥ ¢ =
— ]
-5: _
_l[}'. PR TR B R
20 40 60 30 100

Muon Momentum [GeV]

LHCb-conf-2012-022
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DO Results NIV BRS T

| I I I | L

a5y =(-1.81+0.56)% | M, DODmin\ gy i
+ady=(-0.22%0.30)% | AT\ AL e

Preliminary

DO &,
[ DO o
e A:{IF‘ﬂ ) 68% C.L.
0.04 gz AZ0P_ ) 68% CL
B Combination
* Standard Model | i
-0.04 -0.02 0 0.02
adsl

arXiv:1207.1769 [hep-ex]

» 21 Alessandra Borgia 10/19/2012 USLUO 2012



e

LHCb Preliminary Result

as, = 2A

meas

as, = (-0.24 = 0.54 x= 0.33)%

Most precise measurement of
aSsl
In agreement with Standard
Model’s prediction
(Lenz, arXiv:1205.1444)

as, = (0.0019 = 0.0003)%

ad, = (-0.041 = 0.0006)%

22
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LHCb, 1.0 fb™

Y(4S),
HFAG

SM
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% Towards CKM
1 SYRACUSE
Parameters StlelGS UNIVERSITY

- Ultimate goal: measure V_, and V, in B, and A,
decays

- On the way: form factor studies and hadron
mass spectra

HQET validation in B, and A, semileptonic decays
- Better modeling of B, semileptonic decays

- Understanding the Cabibbo favored
semileptonic width, may allow V_
determination from B, —-K(K")uv

23 Alessandra Borgia 10/19/2012 USLUO 2012



B, and A, Semileptonics
- B,—DXupv Exclusive

Only two final states have been observed

Measurements of DK will constrain
B,—D.,"1v

. . _O ——
First observation of B > D, 1™V | pLB 698 (2011) 14-20

D«’, D" = DOK, small D" nz

. Abo—b AC+ Xu‘ Vv contribution
Several exclusive | Dy = D" n 70y
measurements exist,
but no inclusive. 62  g-ud qmuds  g=s
— K EI) . +
AP= A Xpv form factors | g o1 T Dy,
- 162"
measured at DELPHI: w 60l 5,
O
£

| A - Sawave D-wave b 1E
p2 = 2‘0310.5i1.0 5.9_ v ;b
: 5 -
o —
o A L

Ac+ I'v = (50 +1.9 _1'4)0/0 L A :ff =p

ASTo v - (5.6 + 3.1)% sl ||| 7

A(2595) Iv = (0.6*9% ;5)% geivs

A(2625)" I'v = (11700 4 )% 567 bl blgw  blag by bleg

mass GeVY
r r
&) [# 4]

ra
o~

g
b

SYRACUSE

UNIVERSITY

— predicted (Godfrey-Isgur model)
*+  observed

semileptonic decays D*Kp-v

X

Only state to be observedto ——

i D, Da
i -~

I )

L / DsJ

oo 1~ o 1r 2r F

S-wave P-wave
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% How We Infer the
Neutrino 4-vector  Unversiy

Neutrino information and |pB| in semileptonic decays
can be determined with a two-fold ambiguity.

B direction determined from vertex displacement.

arXiv:1102.1160
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-{ Ip, 10ow)
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]
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Example of g2 Fits SYRACUSE

0 ST
B, ->D" ‘pv
L L T T = — | L B
= 600 — —
LHCh e T E F LHCh ] . PR
V& =7TeV Data F+-l'"_-+_-t 3 500 "—{—‘_{_. VE=7TeVData ] Signal pI'e*d.lCthnS for
& et i 3 3 M .i*w,q ] D,and D" based on D
S . data : £h 3§ woped i T E and D™ form factors.
ﬂ —o_ H _— I E ~ Ir- g ]
:a-. __ DS+ r---- -ll-l: i _: :ﬁ. 3”0F........=....:.-..=llll‘. . 1F*_lll _:
w4 I | = o= mmem,  fmmn - . .
§ 30p g% o hed 0§ s N W I Relative fractions
z —- D, + == ey 3 tmm e 1 immmEgaaRs ] * —
-- background | i_ 3 “ 100E 1u-----l:....'l.l . based on D /D - 242
. = Sk LLCC
ﬁﬁ_ﬁ N - ob - vy .
-5 0 5 10 3500 4000 4500 5000
m(D, 1) (MeV)
0
Ab L BN | T T -¢- data
450 o0 L VBT Tov |- A
400 - A (2595)
— At (2625)
— 350 — - — (¢}
> > 400 -- background
< 300 =
E 250 E 300 - — N N
e S _ A (2595) / A (2625)
Y 1s0 g 200~ 7 ratio fixed to its
100 [ 100 _ predicted value.
50 R
e T Phys. Rev. C 72 035201 (2005)
3500 4000 4500 5000 5500
m(A*,110)_(MeV)
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http://prd.aps.org/abstract/PRD/v85/i3/e032008

e

Conclusions UNIVERSITY

- Measurement of the b-hadron production
fractions done to very good precision.

f/(f, +f,)=0.134 £0.004(stat.)S5:: (sys.)

Ay

f, +f,

=(0.404 £0.017 £0.027 +0.105 )x[1-(0.031+0.004 +0.003) x p, /GeV |

- Using similar techniques from previous
measurements, LHCb is able to measure as:

as, = (-0.24 = 0.54 = 0.33)%

More data to be added as well as more D, final states

Studies of exclusive semileptonic B, and A,

decays in progress
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Thank youl!
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BACKUP
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b-hadron production fraction

Further Fit Results: SYRACUSE
UNIVERSITY
0 + A+
B/~ D =Xpv and A, A F=Xpv
D, ~KK*m |
Signal

-~ = . i ~ 500l LHCh -
S ook TE=TTY i E (s=7TeV
:u:a A background =
§ 300 Combinatorial - :Gf ™ (2010) background
“ 200= Prompt - E

0
1900 1950 2000 2050
In(IP/mm) mKTK-H (MeV)
+ I
A= pKm
L B L L A R — T T 1
500 - | HCb . goo |- LHCb ﬂ |
s =7 TeV W5 =7 TeV
—~ 400 - 700
a =
= 300 =
F =
= =
$ 200 :
L
100
ol i
6 - -2 0 2 2250
In{IP/mm) m(pK'r*) (MeV)
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woF :
c =y, &
-~ ¥ =
.7 W oL
- ',E!
S
= ¢
!.‘

Pion Tracking Efficienoy Method Universmy

- Data driven method
- Applied for the first time to measure | |

the production asymmetry of DS -D.
% |

|Ap=(—0.3310.2210.10
~ 1 (a) LHCb 1 = T (b) LHCb
9‘:1 - ys=7TeV 1 3; - Vs=7TeV ]
< 0F - < IJ-— | % i :
-1 ® tup 3 '1'_+—' ® Magnet up h
L m Magnet down E - m Magnet down
® MethOd 1_ # Average | 1_ & Average
* . - . = 1 -
D™ —n DO, with D= K- n* " [ —— - T+ !
° -1r k A -
Partially reconstruct decay ] R
ignoring a m ’ P, GV

Examine mass difference:
Am =Mz K 727" ) -m(K 7" 7")
Fully reconstruct decay
Amg, =Mz, K z°n z")-m(K 7"z 7")
_ NFun(DO”:)
reco N DO7Z'S+)

&
partial(
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