% UN
Ok \’l‘,,.
‘k ll’l“; Q"5\\\.4‘
X 0e “ens
-~

=0 :
0@ _svos v -
P o CULTORRY ~
© Of Sciwna 00 =
_, B coronar g

B Physics In
the LHC Era

Madison, May 9, 2011



22 ]

Q23

¢z7., Physics Beyond the Standard Model
L2

‘ m Baryogensis: From current measurements can only

generate (ng-ng)/n, =~10-<°but ~6x10-17 is needed.

Thus New Physics must exist

s Dark Matter

Observed vs. Predicted Keplerian

Fl T T T T T T T 1
g [ _ ,
E 10 L4 JEPEP 4 N s : G I I
X P -'\'-_\I‘.-"'",‘,:'A'u"J;.;" O L R raV|tat|0na|
= N ' -
e . - lensing
D g . Keplerian _
§ = T~ Prediction
5O e~
8 o L T
0 10 20 30 40 50

Radius from the Center (kpc)

= Hierarchy Problem: We don’t understand how

we get from the Planck scale of Energy ~107°
GeV to the Electroweak Scale ~100 GeV without
“fine tuning” quantum corrections

Madison, May 9, 2011 2




d o General Justification for Flavor

ﬁ’/ Physics

‘ s Expect New Physics will be seen at LHC

= However, it will be difficult to characterize
this physics. How the new particles
interfere virtually in the decays of b’s (&
c's) with the SM W’'s & Z's can tell us a
great deal about their nature

= NP models must conform with severe
constraints from flavor such as &(b—sy)

Madison, May 9, 2011



’/ Quark Mixing & CKM Matrix

‘ = In SM charge -1/3 quarks (d, s, b) are mixed
m Described by CKM matrix (also v are mixed)

(v, v,
V(E,_EJ = Vcd Vcs Vcb u Gt
AV e )
(- a2 A AN (p-in)
= ) 1-A*/2 AN +0(2)
AN (1-p—in) -4’ 1

\
m A=0.225, A=0.8, constraints on p&N

1

ds b

m [hese are fundamental constants in SM

Madison, May 9, 2011



234

‘4  Limits on New Physics

‘ m It is oft said that we have not seen New
Physics, yet what we observe is the sum of
Standard Model + New Physics. How to set
limits on NP?

s Assume that tree level diagrams are
dominated by SM and loop diagrams could

contain NP
wo, orT %
E’&V W b)f’-wﬁ's.
L(.\Ycoru 2 “eD S I L2
q W* HZ
_Tree diagram example Loop diagram example

Madison, May 9, 2011 5



What are limits on NP from quark

P
ij decays?

‘ = Tree diagrams are unlikely to be affected by physics
bevond the Standard Model

E VI

ICHEP 10

0.6

0.5

0.4

=
0.3

excluded area has CL > 0.95[

0.2

=h IIII|IIII|IIII|IIII|IIIIIIIIIIIIII

-0.4 -0.2 0.0 0.2 04 0.6 0.8
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s?’/ CP Violation in B° & K° Only

= Absorptive (Imaginary) of mixing diagram should be

sensitive to New Physics. Lets compare

0-7 | 1 | I | 1 | l 1 1 I I Ll 1 I I I 1 1 I 1 I 1 I 1 I _
0.6 =) Y €k %%l% =
C O | i
- H= : -
0.5 g Sin 2B I —
L : sol. w/ cos 2B < 0 —
: 8 : (excl..at CL > 0.95) ]
0.4 _—% : —]
I= C 3 : o _
0.3 ' —
- &k -
02 — =
0.1 — =
E (04 | Xl

0.0 - — — T —
-0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.

ol
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g@ They are Con3|stent
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= But consistency is only Bt the 5% level

Same for B, — CP violation in J/y ¢ (not
including DO A, ) =limits on NP are not so strong
Madison, May 9, 2011 8
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j”‘“‘) Limits on New Physics From B° Mixing

| | excluded area has CL > 0.68

‘ s Is there NP in B°-B° 2r

mixing? :

m (BIHB) =AY (B HS)[B)
A" =ReA +ilmA,

ImA,

s Assume NP in tree
decays is negligible, so
no NP in [V,|, yfrom
B-—D°oK-. ?

x Allow NP in Am, weak

1
—r

Re A,

phases, Ag, & A" Room for new physics, in fact

SMis only at 5% c.l.

Madison, May 9, 2011 9



§§6j Limits on New Physics From B¢ Mixing

N Similarly for' BS | [ excluded area has CL > 0.68

o One CP Violation
measurement
using Bg—J/y ¢

= Here again SM

Is only at 5% c.l.

m Much more room
for NP due to
less precise
measurements

Im A

Madison, May 9, 2011 10



gffj New Physics Models

m There is, in fact, still lots of room for “generic” NP

s \What do specific models predict?
o Supersymmetry: many, many different models
o Extra Dimensions: 7
o Little Higgs:
o Left-Right symmetric models ”
a 4t Generation models 7

= NP must affect every process; the amount tells
us what the NP is ("DNA footprint”)

= Many interesting cases exist

V{4

Madison, May 9, 2011 11
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s CMS & ATLAS largely in central region,n=-In
(tan6/2) between -2.4 & 2.4, LHCDb 2<n<5

Madison, May 9, 2011 13



‘§ ffm% - - =
® | uminosities
‘ s Luminosities — LHCb limited to ~3x1032/cm?-s
s LHCDb luminosity is now being “Leveled”

LHC 2010 PROTON RUN (3.5 TeV/beam)ATLAS

LHC 2011 RUN (3.5 TeV/beam)

10° ¢

"o .
2 .o li.  PRELIMINARY. | _ . | CMS E
z o é é i LHCb & 102}
= 3
2 1 z
£ nw 107 F
@]
ER O
- 10 =
g _ 5 100 |
2 10 g / |
2 = . o OHIOCCHIMOOOT
£ s 10 B/ ﬁ ;
3 10 2 <
°>> ~ 102} ] |
= - k o —@— ATLAS |3
S 10 5 A~ CMS
i i i i i ; 10-3 3 [j ~O— LHCb
10 Vb ] a L o ALICE
_@ i i i i S PRELIMINARY
'4 ol 1 1 1 1 1 1
1000 1100 1200 1300 1400 101600 1620 1640 1660 1680 1700 1720 1740
fill number Fill number
(genera ted 2011-05-03 11:44 including fill 1755)
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bTEACLlEQ

‘Y

o(pp—bbX) using 15 nb-’

‘ s b—DXuv, D°—K-r*, ~280 events

Wrong Sign

Events /(0.5)
N 8 &S

Events/ (4 MeV/c?)
&

Right Sign

LHCb

JS=7TeV Data

1800 1850 1900 1950 R T

. A
1850

1900

1950

m(K*) (MeV/c?) m(K ) (MeV/c?)

E~ T~ T T T T 3 50; T T 3
£ LHCb 3 __ F LHCb (d) 3
E 40 40F 3
E- \S=7TeV Data 42 E (s=7TevDat 3
3 4 o 30F 3
4t E E

18 0F E

3@ 20F 3

;

6 2 0% 2

In(IP/mm)

In(IP/mm)

- In 2<n<6, (75.315.4+13.0) ub LEP frag = 284+20+49 ub
- In 2<n<6, 89.6 ub Tevatron frag = 338124458 ub
Also measured charm cross-section, ~20x b

Infancy

S—

\\-______\\‘-____’/ pr—

_ #of detected D'y~ & D’

L x efficiency x 2

~
~
~
~
~
~
~
~
o
~

LHCb

+

x -Untriggered  --- mcrm
e - Single Muon Trigger

Average — FONLL

Error
on theory

Madison, May 9, 2011
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%j B, Semileptonic Decays

. . 160
‘ - *(2536) LHCb
= First Observation of _.t aseen s%) LMo
- = 120 A
Bs—Ds, XuvDecays ¢ & 20 pb
m Look at D°K* mass g *f
@ 60 "t
in wevents G gof. y s (257
—0 N L 20
BB, = Do Xu¥) _ (33410404)% oban o Aty -
B( Bs - X #—7) 2300 2400 2500 2600 2700 2800

m(K *K*)-m(K 7*)+m(D° (MeV)

B(B. — DLXu7) PDG

B(B. - Xu )

m First step in measuring structure of By
semileptonic decays, fractions to D, D.*, D,
etc..

= (54+12+05%

See Carson’s parallel session talk

Madison, May 9, 2011 16




‘% b Fractions (LHCD)

= Important to set normalization scale for &'s

» f/fy using hadronic decays =Using Semileptonics:
By—DK*, B.—D, ", B.~D " b—(D°, D*, D, A,) Xuv

£/ f,=0272+0.008%

LHCDb Preliminary

-1 =independent of p,

o
>
s 80 La-35pb" B s DT K
8 d o5—mm8m8 ™44/ ———
— 60 -aB,— DK E .
2 F & e B, DK 0.4 | fAb/ (fu+fd) e
g --w By— Drt [ I : N
2 —=— Combinatorial 03[ 1 I =
..... Bd—;. Dp - = I .
0.2} -
0 - : = — L —'— LHCb Preliminary 1 (2,3] -
5000 5200 5400 5600 5800 0.1 -
Mass (MeV/c?) C —|— CDF [PRD 77,072003 (2008)] ]
= + + + % ' ' '
f./f;=0245%0017£0018£0018 ; oo %

Theoryerror | £ /(f,+ f,)=0401£0.019+0.106
Madison, May 9, 2011 ~-(120+£2.5+1.2)x107 X p, (GeV)
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S 10 =LHCb 25<y<30 G S 25<y<30 73
S oL 3<p,<4GeVic] < 4000 3<p <4GeVic
a % E .2 3500 —;
§ 103 - E g_ 3000
3 g ] 8 2500
"é 107 3 E S 2000
S c ] ;"‘23 1500
10 ¢
? i ; 1000
\ 1 : 500 ....................
)] ST I A
10! B A S A i 3000 3100 3200 3300
tZ [pS] .: 103E T T T T T I T T T T | E
o — =
> - —e— LHCb, J/y fromb (2.0<y <4.5) ]
— X M 0 - ]
fo— (ZJ/‘V zpv) Iy SN FONLL 2.0<y <4.5)
< p_ —8 107 M. Cacciari, M. Greco, and P. Nason, J. High Energy _g
< — Phys. 05 (1998) 007. -
g = ]
~ =
'1 Bl 10 =
m Here use 5.2 pb g

T IIII]II

s 0= 288+4+48 b 1

T IIIIII|

\s=7TeV

10-1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I

-}
N
[
-}
ot
()]
3}
-

Madison, May 9, 2011



g % ATLAS o from b—>J/\|’X

- AR RN RARRE RN ILRRE LN LR IR~ et A
> 160 ATl:jgs TV = 10°atLAS . : I‘“‘.Vpdg.‘:a 3
C 7 Te ’ C bia ]
O 140 [ = 244 5 1 & | R e
- ~ — --- Signal Prompt Component
?5 1205_ ® 7TeVdata _g s 10 = E
~ 100:_ = Total PDF E = - =
-~ T ameas T @ = -
2 80 - Background Component : L[ T
o 60F = -
> - | L - ]
w40k E I ]
20F R 10 SN L o
bt el T an e Tmanin -8 10
0.25262728293 3.13.23.334 3% pseudo-proper time [ps]
M(uu) (GeV)
= = T 5
' S 10E ATAS 0.0Kly 075 B
- v 0= yJ,.-,‘, <0. 3
0 AT LAS aISO I n g E-:—-:!‘:’- B Spin-alignment envelope -
" z 1 e £0103 FONLL B— J/wX =
agreement with & * e E
£ 2 T R
FONLL for p>5 © | " 4
Cb - L1 E
%N a3l ]
GeV/C o 10° E ATLAS Preliminary t N E
o _4: \s=7 TeV 3
;10 EJLdt~227pb
= r !
s

-
<
&
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. ‘gad thic
g IN '\'EACHEQ

CMS ¢ from b—Xuv

x10° 14) B - o = 1.32 4 0.01(stat) £ 0.30(syst) & 0.15(lumi) ub
123_ n ----------::+Iight 1 omcanpo = 0847715 (scale) + 0.08(my) £ 0.04(pdf) b opyrHIA = 1.81b
%10‘_“ Vs=7 TeV ;‘ L L N N A N '3'1200_1"-'|""|""|""|_
CC\DJ 8t o L=8 b 8 - —— Wcento (CTEQ6M, m, =4.75 GeV) E o — MC@LO (CTEQEM, m_=4.75 GeV)| -
I e S 103k | ----- MC@NLO total uncertainty - < 1000 -----. MC@NLO total uncertainty 7]
Q 6_ b =) === FUINANEEL ], CIFGOT) . ;_ | | —~—— PYTHIA (MSEL 1, CTEQ6L1) ]
_.(L) :"' ? F Ve=7TeV muoninl<21 1 800 \s=7TeV muonp >6 GeV_|
GCJ Al B -5 102;- L=85 nb"' | < L=85 nb™'
> . 1 - ‘;’ 600 ]
2F + = z m
ok " 12 10 - S 4001 4
0 Ll B o ot | T E - B _85 B F;::!:'iﬁﬂﬁtﬂ:.__l-- _—
c 1 2 3 4 5 6 g [ = B e —
muon pf [GeV]  gld" L fremsmpeenees e :
“i0 15 20 25 30 R R R 2
muon p_ [GeV] muon n
= |n all cases generally good agreement with
NLO calculations, within large errors
See parallel session talk of S. De Visscher
Madison, May 9, 2011 20



Progress on “Key”
Measurements

Madison, May 9, 2011



/é W you

" d;\(ead thic
TEA

! S

‘v B.—utu
‘ = SM branching ratio is small, NP can make
large contributions.

b MSSM

HYA®

0

\|

~ tan®p

= Many NP models possible, not just Super-Sym

Madison, May 9, 2011 22



§§w% _
9 Bs_)u-l_u Current Status

Upper limits at 90% c.l.

106
» -CDF
—~ ¢
=
=. 2 -DO
7
T 10 S =
) % -LHCD ¢
LHCDb 1 year ® = ¢ -
old, 37 pb1
108 '
0 1 2 3 4 ) 6
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B.—u'Ww Short Term Projection

- B 9“ pL qbservatmn . CMS is
| LHCD projection also
from 37pb-'Ns=7 TeV interested
© — in this
E E measure
Ai " i el 7x109 Ty ment
= 11 o
- f=sh PRED. RS
b ; 56 y discovery .
N BN ;30 evidence
0.0 0.2 04 0.6 0.8 1.0 1.2 1 4 1 6 1 8 2.0
Luminosity(fb™)
Madison, May 9, 2011 24



‘g§ EA% | ]
¢ CP Violation
‘ = CPV in appears in the difference between
B—f & B—f; for CP eigenstates f=f
s CP asymmetry, e.g. B® decays is given by
['(B°— f)-T(B° - f)
F(EO af)+F(BO af)
= Y depends on decay mode, e.g. for o
Bo—Jhy K, ¥ =. e

= Need two interfering amplitudes ~__ ..
one can be provided by mixing

A = sin(2¥)sin(Amt)

cp

Madison, May 9, 2011 25



Lgd“ EACHEQ

‘®) Measurement of Am,

15—  LHCb preliminary

o.s%— llll : _g 02f :E

Y ™
I [] | . :
- v\’ F ¥ 0.4F .
05 = E' LHCb prelimina ry

= Amplitude Scan A

||||||||||||||||||||||||||

| yellow band = 10 stat |: L B I ]
A N B 0.8F 3
L 3 0.6F 3

\s=7TeV

0.4F

~ 1 - -0.6F ~35 pb! 3

35 pb ’ ] _ogf_ Ns=7TeV p 3

IIIIIIIIIIIIIIIIIIIIIIIII E L . L L L L L 2 L 1 . L . L 1 2 +
25 0 0.1 0.2 0.3

Am,[ps™] t modulo 2r/ A m [ps]

= Use ~1400 fully hadronic B, decays >°¢ parallel session

talk of Furcas

a LHCb: Am_ = 17.63 + 0.11 + 0.04 ps™

s CDF: Am_,=17.77 £0.10 £ 0.07 ps
(PRL 97, 242003)

= Now ready for time-dependent CPV in B_

Madison, May 9, 2011 26




% CPVinB_—Jyo

‘ m B, is complicated because AI" # O

Nye=t/7(Bs) ATt
Ip,_s(t) = JZIT(B ) [cosh (T)

+Sy sin(Amst) — Cy cos(Amt) + A}" sinh (AF t) ] ,

2
Nye=t/(Bs) ATt
Cp,.f(t) = JZLT(B) [cosh 5 )

— Sy sin(Amst) + Cy cos(Amst) + AF" sinh (ﬁ) ] ,

2
s Here S=sin(2B,), C~=0, AA'=-cos(2p,),
m 3, = arg (—ViV,i/VesV;) In SM B.=-0.018, thus a
good place for NP to appear

m Jhydis notaﬁamgﬂnsmmmujnajy&i

Madison, May 9, 2011
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Figure 6: Angle definition: 6 is the angle formed by the positive lepton (£*) and the z axis, in
the JA) rest frame. The angle ¢ is the azimuthal angle of £* in the same frame. In the ¢ meson
rest frame, 1 is the angle between p(K ™) and —p(JAb). The definition is the same whether a
B or a BY decays.
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gnals: ATLAS & CMS

(g (— ; _I T 17T I T T 17T ' L I T Trrr l L I L I Trrr | T 1 rr | T 17T I_
L220F - i
3200 = CMS Preliminary § 250[— ATLAS Preliminary mg_ = 5363.6 + 1.6, MeV
© \'s=7 TeV, L=40pb’ ® - \s=7Tev Ng, =413 + 36y, .
5180 ct>0.01 cm A - fL dt=40pb” 0=21.9+19,,, MeV
S1e0F- =~ 2001 No < cut —
2] — . — -— .
E1405 Signal =549 + 32 S .
1205 > @ 150 E
100 ]
s0F 100 + ....................... .
= - + .
4005 A 50~ =
20 o T m— - =i C 7
g"—;suzsqsgﬁsgssl;rgzgstsésslssss N T T T TN T T
) ' i . ' ’ Io invariant mass ('GeV,cz') 5200 5300 5400 5500 5600
my, kx (MeV)
—~10%
g g ; L s L B B B p
g - CMS Preliminary 2 o0l ATLAS Preliminary My = 5364.0 = 1.4, MeV ]
= \'s=7 TeV, L=40pb’ © - \s=7TeV Ne, = 358 = 22) .
ig c — all contributions (solid line); Z 100 fL dt =40 pb'1 0=26.6+154,, MeV ]
L Y - W signal (dashed); > - ©>0.40 ps 5
w10 = . prompt J/y (dotted); and = C ]
- .. = non-prompt J/y (dot-dashed) g 80H —
- w - _
10 60— .
1 40 =
20 -
1014 : .. R S S Errs SR §
0 oé' |- 6 - 655I L1 10111 11 Io 1151 L1 1°|2I 1L IOTZA; 11 10 5] L1 635 O _I - | L | T‘I_‘ . I T T | T | L I R | I_‘T !
e - ' ' : : ctau (cm) 5200 5300 5400 5500 5600

my, kk (MeV)
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& pTEACHEQ
Wy

| Reconstructed B, mass | Proper timet | ~—}— data
0 70— » - sig. component
c r s | i
2 [ |fom LHCDb preliminary s LHCb preliminary Cp-even sig. component
® ol ©10?
2 B0 | em \s=7TeV b \s=7TeV — — cp-odd sig. component
- componen A ——— bkg. component
sof [ orcomeenent R\
o 1>0.3 ps ) N + complete pdf
a0l 860 events e ~~ .\
. b 10p~
30| - ~ ~N N *
r 9 p B ~ \\\
- B ~N - \
20— - ~N "L [N
- \
C 1=
101~ - \ |
YN0 SN S’ a ""il‘ — L ol v by 1Y PRI B AT I N S O
00 5250 5300 5350 5400 5450 5500 5550 1 2 3 4 6 7
B, mass [MeV] proper time t [ps]
Transversity angle cos9 | [ Transversity angle ¢ | [ Transversity angle cosy |
g ssf £ s £ 0
3 f LHCDb preliminary 3 F HCb preliminary 3 LHCDb preliminary
= 30:— \s=7TeV * 30f s=7TeV # 35 \s=7TeV
St gy :
20ft l u» i | 205 25
;>| 0I -+ 4 - l«» | R I [ 200
15[ A | 15
o T L o 2 i s
L . $ _____________ 10ft .
s = == 5 f—_\__—_m;_/_ 5
C -~ ~ F
c‘(.l...lt..l..,l‘.Al..tl.,.l,..l...lh*r s’lJlAAlllljlllAAll P 1 1 0 T by e by e by o by e Ve by s by by 1 T
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5@ LHCb ¢, Measurement

= Confidence  Zosf = z'e"rginérv‘ )i\
Level scan %"::5\ i A / N\

s 1.20 from SM 0.2558.321 /// \\\

= Using o0 ﬁ/ w\g\\
opposite side % P
flavor tagging -0z} S\\\\\ %’/
only oaf \\ (/

Madison, May 9, 2011 31



ﬁj Comparison with CDF/D0

CDF Run Il Preliminary L=5.21b"
0.6 — 9%CL :

Preliminary
— 68% CL

E_ D@, 6.1 fb'l 51 =-0.42+0.18

: S,= 3.01:+0.14
- B> J ’
- By — /%9 AM, = 17.77+0.12 ps*

'
- § B
5 @« =
= 0.2F 5 021 — 68% CL
s | | g — 95% CL
0.0 < S S— 0.0 o e

0.4- —— SM prediction

0.6 o N N S
. _|1 L 6 L ‘II - ¢s/¢¢[rad]
B (rad) =
Bs - q)s
Signal yield (lumi) ¢§/‘f"f> (rad) Ref.
CDF 6500 (5.2pb~") —0.54 + 0.50™*) CDF Note 10206
DO 3400 (6.1b~") | —0.761G % (stat) + 0.02(syst) | DD 6098-CONF

HCb 860 (37 pb') -2.7< 6. <-0.5 @ 68% c.l.
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5% / - 1t Observation of B.—J/y 1,(980)

= In B.—J/yo there is the possibility of an S-wave
contamination under the ¢. If this existed it could
manifest itself as a 0* wtn~ system. [stone & Zhang PRD

79, 074024 (2009)]. As a CP eigenstate could be used
to measure ¢, without angular analysis

JIyf f,—>n

= Found by LHCD. [ J/w¢¢%l<l<))~0'25}

(J/\|m+7c )W|th|n 90 MeV of 980 MeV m(ntn”) within 30 MeV of B, mass

©E |HCb 1 ©FTHCL ] E
_. 35 \s=7TeVData B 36 pb S 35F- Vs =7 TeV Data f (980)
3 30 If S 2 30 0
= | E |
% 25 “. 0 25
£ 20f g
q:) 20 I 1. 2 2
a s LA ‘. g ° } E
: ' o 2 -
10p-jeilll] | )| 10 ) y
irw) v | | | e || 3 el - |
sEITE T M~ — TR L sEL i Lt 1
i \.\ n l ..............................
o e VAP Lttt bt el { sl —Tx=0 0 Bldicczenyereey @ { T T ST N
0 5200 5300 5500 600 800 1000 1200 1400
m(u*un n) (MeV) m(n*m) (MeV)
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® v Projections _
= Important goal.

m Expect error on y of 3-4 using a combination
of DK and DK modes in current LHCDb

= Desire error of 1°, to be pursued by LHCb
Upgrade, & Super B factorles |

g | (oMM
& ICHEP 10

i A & Am
0.6 W Amy md
0.5

0.4

IIIIIIIIIllIIIllIII

0.3

0.2

0.1

=i HlllIIII|IIIIIIIII|IIIIIIIIIIIIII

0.0 1 1 1 1 1 1 1 1 1
-0.4 -0.2 0.0 0.2
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| ﬁ"#" Measurement of y using B-——D°K-

3

‘ = One of several ways ¢ R

to determine y % - Preliminary
= Uses several modes t

with different D° % 60 rrno_=2?2;21_51i512.:;emsv
decays into K", K*n- @ * e
(doubly Cabibbo BT e
suppressed), K*K-, e " " e (MeV/c?)
T

See parallel session talk of Whithead

s Here D°—Kr*
= Can also use B—hh coupled with SU(3)

Madison, May 9, 2011 35
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= 35 pb, “loose cuts

= LHCDb will get as many

Krtin 0.5-0.7 fb1 as
Belle in 1000 fb-?

B(B—*m)=5x10

;180_ O + -
S0 LHCDb B a JC'TU
o [ Preliminary

rot 275 events
=120

%100'—

@

80_

60—

40—

205

95 5 514 52 53 54 55 56 57 58

n*x invariant mass (GeV/c?)

Madison, May 9, 2011

a

0o
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Events / ( 0.0225 GeV/c?)
(4,
o
o

- LHCb 4T
6005_ Preliminary BO_) K‘TC+
- 1447 events
4005—
- Sum of
300 : . —
- reflections. Bs_)K T

140 events

100
QT 5 53 B4 BE™5sTT 57 5s
K= invariant mass (GeV/c?)

.:‘:180_—
2"t LHCb o N
8150 preliminary B S%K K
8140F- Vs=7TeV Data :
d L
1200 333 events
S 100
@

pll BIllglllglllgll

9 5 5.1 5.2 ' .3 .4 55 5.6 - 57 58
K’K invariant mass (GeV/c?)
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Events/ ( 0.0225 GeV/c?)
N N w w
o (42 o (32
o o o o

ey
(42
o

' Preliminary

LHCb

\/s = 7 TeV Data

Bo—K*n-

54 55 56 57 58
K’z invariant mass (GeV/c?)

Events / ( 0.0225 GeV/c?)
—
(2]

IIIIII|IIIN.

O N & O @

©

5

5.1

5.2

.
.
0

53

LHCb
Preliminary
Vs =7 TeV Data

B.—Kmt

. | THHT
54 55 5.6 Jgi i.B

7*K invariant mass (GeV/c?)

vauaioulr, iviay 7, cull

BonK: CPV

L350
>
8 s0oF- ‘ LHCb
wn . .
Q& F Preliminary
N -
_Sasol \s=7TeV Data
o F o0 K-
£ 200 Be—Km+
@
150

Q9% 51 52 53 54 55 58 57 58
K z*invariant mass (GeV/c?)
— m -
"2 18
>
3 LHCb
4 16 Preliminary
g 14 y \s=7 TeV Data
= /]
% 120 +ar-
g oA | BS_)K TC
2 10
W- - - - - ==
8
.=
a ) l _
2F-
- > e ) g 1
2.9 5 51 5.2 53 54 55 .6 57 58
~K*invariant mass (GeV/c?)
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mQPAsymmej:ugs

= Obvious CPV in both B, & B°
» Using loose cuts A-p(B°)=-0.074+0.033+0.008
o (HFAG: -0.098x0.012)
= Using tight cuts A p(B,)=0.15+0.19+0.02
(CDF: 0.39+0.154+0.08 in 1 fb1)

s [hese asymmetries are sensitive to new particles
In loops

See parallel session
talk of H Cliff

d(s)
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> =
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L2

BO_) K*O u+u_

» Measuring the angular asymmetries in Be—K*utu".

Sensitive to the presence of new particles

(a) W !
b-—@s

———
,d u,d

(c) W

(b) X1 !

"-‘Crf t
b # - * S b
\ i S
../
———
u,d u,d

Madison, May 9, 2011
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Belle has 250 events in 605 fb-!, CDF 101 in 4.4 fb-’

IICTEUT

| COF e

as May

05_._4: __j_:_,:_.:...:- : -

o2 4 6 8 10 12 14 16 18 20 0:/1‘ :

GV R
= Hint of NP, but lots more QE """" Ly
luminosity needed $% e
= LHCDb: First signal seen Sq :
2316 events, S/B = 5 i 3.
Madison, May 9, 2011 w T ..ﬂ;;joo_ H,\i,i!;sl‘(’f\’,:://;)



S}ﬁﬁ Signals Seen in Other Key Modes

~ 22F
‘ = Two examples § " oo 14.71.4
. 16 =7TeV
= 1t Observation of 2 M rens
. ~ 12t
B, —K*oK*o 5 |

_ _ W gF

= Branching ratio =2x10- :_ﬂ 1 M 3 MH Hlu @&

= Will be used to measure ° 20005200 J '54;;(;:1 | 1--5-%%61'-111@ 5800

m(K'tK*) (MeV/c?)

CP violation in B, gluonic

Penguin modes
B! { —<—®—>—}K*O

—\\d}K*O

Madison, May 9, 2011 41
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m(K'*) (Me_y/cz)
g

g

LHCDb
Preliminary
NS =7TeV
-~ IR TN I RIS —

750 950 1000
m(K*r) (MeV/c?)
m(K™rtt) m(K*m")
§ =f 2
i ie
8 18 ll;l:alcu?nmry 3 "5_ _ lﬁrugnury
g“f‘ B NE=7TeV g“:‘ L NE=7TeV
= u;—
12 12
105— ‘°;—
- L=y
- g |
4 | | a4
o ] gt g
Yso 500 50 500 %0 1000 G50 800 8S0 900 @80 1000
m(K'=") (MeV/c’) m{K'x) (MeVic’)
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= Looking %
forward to 8
B—oy

& &

N
0

S

BO_)K*OY

B,— K'(Kn)y
LHCDb Preliminary
le = 26 pb-1

= + 2
M ik 5295 + 44 MeV/c

Gy = 133 = 55 MeV/c?

Nyignar = 49 + 17

| ey L 1 l Jd 1

4500 000

6000
m(K*y) (MeV/c?)

Madison, May 9, 2011
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gf*é} Future Acts

‘ s LHCb Upgrade: run at 1033 cm?/s (x5),
double trigger efficiency on purely hadronic
final states

= Super B factories
= [ime scales are on the order of 6 years

Madison, May 9, 2011 44



(PP

® Conclusions
‘ = B physics at the LHC is still a baby, perhaps we

will reach adolescence this year

o b cross-section has been measured & agree with
expectations (with large errors)

o fractions of b hadron species have been determined

= Well known decays have been seen, & LHCb
has already observed new B, decay modes

0 B,—D,(2573) X v, Jhy £,(980), K*oK*, DOK*®, y'¢

= We are ready to search for and limit New
Physics with the 2011 data

Madison, May 9, 2011 45
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120
100~

80

40

20

60

ATLAS Preliminary mg_=5364.0 = 1.4, MeV
\s=7 TeV Ng, =358 = 22
det 40pb” 0=26.6=15, MeV
©>0.40 ps

II|III|III|IIIIIII|III|III

Events/(0.018 ﬁe",/gz)
88533808

N[ T

|,
5200 5300 5400 5500 5600

my, kk (MeV)

IIIIIIlIllIIIIII]IIII]IIIIIII]IIIIII

CMS Preliminary
\'s=7 TeV, L=40pb'
ct>0.01cm

signal
non-prompt background
prompt background

PP T o N I L7 VN A P U B
5.25 53 5.35 54 545 5.5 5.55 5.6 5.65
J/yé invariant mass (GeV/c?)

ATLAS B G’s

CMS Preliminary,\N's=7 TeV Spring 2011

value = stat. = syst. = lum. error
(integrated luminosity)

pp— B X
Pr>5 GeV, lyl<2.4

2832420 =1.1ub
(6pb”)

pp— B® X
Pr>5 GeV, lyl<2.2

332+25+31«13ub
(40 pb™)

Events / (18 MeV )

pp— B, X = Jhp ¢ X 690605 =03nb

8<P,<50 GeV, lyl<2.4 (x1000) (40 pb”')
Theory: MC@NLO
CTEQ6M PDF, pz(n§+p$)"2, m,=4.75 GeV
| |
0 50

B-Meson Production Cross Section [ub]

Madison, May 9, 2011
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Events / (0.3)

Preliminary —o,»'"

Prompt D94 FakejD*

4« LHCb 3
\ Prellmlnai)/
WA

X W .

ln(lP/mm)

LHCb
\s =7 TeV Data
100

500

400

300

200

100

In(.IP/mm)

Events/ (4 MeV)

Also D?

T T T T T

T T T

S2000t L HCb * D* —>Kn T 3
Preliminary | ° E

Dfb: 9406110

1900

700
600 \s = 7 TeV Data
500
40 " Dfb: 2446+60
300
200

100

m(K*K ) (MeV)

Madison, May 9, 2011

48



&
J

“# Extract B_ fractions

‘ = Crucial to set absolute scale for B, rates,

since not given by e*e- machines.

= Must correct for B,—D°K*Xuv, also

Ap,—D°PpXuv
b _ +0.012

03T (NEE I B LR R °-3"'I"'l"'l"'l"'l"'l"'_
025;— ff:,f inn[2.3] —; 025 -

- o . - s inn[3,5] -
02— — 0.2 futfy —

3 — d st [ I : } =
0.15Ig — I | . 0.15;_ :
0.1 i =L .
F Vs =7 TeV E3 Vs =7 TeV E
F LHCb Preliminary ~3pb" | 1 " f LHCb Preliminary ~3 pb’

AT N T S S S S S S ST -, Ly Ly Ly L Ly I

LI R R R P Charm 2w GeVl' 0 I pllo(CharmtlE W) [GeV]

Madison, May 9, 2011
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‘% B_ fraction - hadronic

= Also can use hadronic decays + theory ~35 pb-’

Vs =7 TeV
LHCb Preliminary

- ~ 140 T ——— [T T T 7T
2 600 ©
S LHCb Preliminary E 120 LHCb Preliminary 100 LHCb Preliminary
T 500 Vs =7Tev - Vs =7TeV
S = L35 pb’ @ 1oc 80 B —)D+K-' L 25 pb*
w400 Bd_>D II & w d . .
. 60 + » B~DK
.w- B> Dx 60
. 40
200 --#- Combinatorial
w- B> Dp 40

100F....... ¢ 20 n ]
B Y. . 0 e 5000 52;6- 5400 5600 5800
5000 5200 5400 ssgnoass (Me?lgm 5000 5200 5400 SGR:ass (Me\5,8)00 Mass (MeV)
\ ' J \ ' J
% = 0.249 4 0.013%%2* + 0.020%°t £ 0.025 " % = 0.242 + 0.024%%2% 4+ 0,018 + 0.016he",
d q

Semileptonics: s / £, =0.272 £0.008°%
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‘ = Significant p, dependen
06— T T T T T T T T T T T
0.5}
0.4f
0.3}
s =7 Tev ]
o1F | LHCb Preliminary ~3 pb-"! =
S S S R BT

12
p. (Charm + u) [GeV]

A, Fraction

ce

06— T T T T T T T T T T T T T ]
055_ f:':;d inn[3,5] _5
0.4} -
03% —f

5 ——
02— —

- Vs=7 TeV ]
*'E | LHCb Preliminary ~3 pb" E

10 12 14
P, (Charm + u) [GeV]

[fas/(fu + fa)] = 0.401 £+ 0.019 + 0.106 — (0.012 = 0.0025 =+ 0.0012) x p,(GeV)
= In general agreement with CDF measured at

<p>~10 GeV/c fa,/(fu+ fa) = 0.281 + 0.012F5 05610 626

Madison, May 9, 2011
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gﬁﬁj 1st Observation of B,—D°K*°

‘ b—c , #3(38_, DOK*O) B
B(Eo_, DOpO) =1.39+£0.31+£0.25

(BY— D°K*) = (4.44+1.00£0.79)x 10
s

e | = 0.0088+ 0.0045
LHCb i =173 8.0 (GeVicy"
Preliminary "

Vs =7 TeV u,, =5.3629+ 0.0015 GeVic®
Liw =357 3.6 pb” Ggeys = 0.0137 £ 0.0012 GeVic?

. -
“ N.._.“p =345+869
T Npws =188+ 11.2
I | Nops =30.5£ 8.8

1N, = 0.41

i+ [IN=3454-69

4

L 2 :: i . L E 2
T L T T 2 s 1 I
it 2 S RNKDANNND

5 4 5.4 .

5.35 5. . 5.
mass (GeV/c?)
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@ Exclusive B— J/y h

Events /( 0.005 GeV/c?)

LHCb
Preliminary
Vs =7 TeV Data

B*—J/hy K*

.,
.
0
D

‘e

1400 —_
- b LHCb 8 SE
1200 Preliminary g 10E
- s =7 TeV Data (<) =
- < 10
- B*—J/y K § _.f
L > 10°
800 & =
C 2
600 0
400:_ 10_5 ..........
200 ey e
1075 0 2 a4 3
9.15 5.2 5.35 54

JAp K* invariant mass (GeV/c?)

L P ] AR
8 10 12

14

JAp K* proper time (ps)

Channel LHCb yield LHCDb “lifetime”(*) stat. and sys. (ps) PDG (ps)

t - JWKT | 6741 + 85 1.689 4+ 0.022 + 0.047 1.638 £ 0.011
B’ — JWK*® | 2668 + 58 1.512 + 0.032 + 0.042 1.525 4 0.009
B° — JApKY 838 + 31 1.558 + 0.056 + 0.022 1.525 4 0.009
B? — Japo 570 + 24 1.447 + 0.064 + 0.056 1.477 4+ 0.046
Ao — JRpA 187 + 16 1.853 + 0.108 = 0.035 1.391174%S

Madison, May 9, 2011
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gij B.—ufuW longer term

= Will take Upgrade to reach SM senS|t|V|ty

lllllllllllllllllllll

v ‘ -.-30
‘ \ T \ \ L L =
| Limjt of | Roadmap | =
a.; 104 \\ current LHCb..... For14.TeV - -
" ESEs
= 1 | | 1 l
X 1 . o S S : !
=% - i : 1 | e i e i * i I
N\ % R SM pr {/CZ‘IOH RRIRAR ;
S . T ' ' , P‘ ~ -
= . ; ; ; B s e i ot el
Q i i i i i i i E N _--——
L]

L (b
s Reach SM sensitivity and beyond with Upgrade
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v BC—utL”

= In fact correlation between B, & B, ut u could
be crucial [

MSSM-LL

ot et
o [

10° x BR(Bg — p*u™)
ot
L

0.0

0 RSe 10 20 30 40 50
10° x BR(B; — ptpu™)

= This can only be done with the LHCb
Upgrade

Madison, May 9, 2011 55
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K2 Upsilons too

8000

LHCDb ﬂ mass (1S)=9449.2 + 0.4 MeV/c?
Preliminary || °© (1S)= 52.4+= 0.4 MeV/c?

- Ngignai (1 S) = 34429 + 261
Ns=TTeV Nsignal (2S) = 8800+ 181
1) Nyigna (3S) = 4419+ 147

fL =324pb" F:
,

R .
.g-L'lll'jllnlL\rJL‘«LLJJLlJJLLIllll

8000 8500 9000 9500 10000 10500211000 11500 12000
M(uu*) (MeV/c?)

7000
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i

5000
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3000

2000

1000

Candidates/(25 MeV/c?)
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. ﬁ@ Exclusive semileptonic decays

m Accurate measurement of B-flight direction
allows missing neutrino reconstruction

Events/2 GeV?/c?

2 D 0.26%0.06
0 D% 0.4920.069| systematic

No

errors yet

o D 0.25+0.12
o LHCDb preliminary
Madison, May 9, 2011 57
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i‘“j CP Vlolatlon in B,

‘ m Will try & measure
d.=-Bs in SM without

SS tags

Events/ ( 0.007 GeV/c?)

20 B — e

LHCb
Preliminary
V& = 7 TeV Data

t>0.3 ps

55
JI\M mva'lant mass (GeV/cz)

| Roadmap (36 pb”') | LHCb (36 pb-) CDF 5.2 fb-"

#Jyo
o(t)(fs)
OS tag power

SS tag power
Madison, May 9, 2011

1050
38

6.2%

50
(2.2+0.8)%

working on

6500
100
(1.240.2)%

(3.5£1.4)%
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5&@ Great Prospects in Charm

L B S e S B S S S S B S e B S + Ny~ + + _
D KK - D - K T Ds_ - K+K 1T+
= 35000 s IRTT 3 e : .
- 3
30000 63402 287 - 2 About | 1/pb
E:; 7.04 00 MeVicd  wgm 3 ]
u>J 25000 88563+ 331 _: 2.5 ]
20000 7.0+ 0.0 MeVic 3 4 -
15000 = 2 4
10000 _E 1 -
4 15
5000 — i
1 1 - k;-c
1800 1850 1900 1950 2000 M2 KK) -

Mckr) (MeV)

1 —rrTrTerTT T T T T T T T T T T

LHCb
Preliminary
\'s =7 TeV Data

LHCb
Preliminary
\'s =7 TeV Data
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§ﬁ@ Bo_,K*o u+u‘ U PO rade

‘ . Other better anqular Correlatlon variables

s Need 50 fb! to reduce errors below
differences in SM - NP

Madison, May 9, 2011 60
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B-—D°h-

B(B—De°m)
e B(D°—n*K")
=1.9x104

Events /( 11.8 MeV/c?)

~12 pb!

Events/ (11.6 MeV/c?)

B-—Don, Do—K-rt*

I ! -
500 LHCb E
Preliminary 3
400 Ns=7TeVData
200 3
2431 :
B events E
100 =
0: L -:f":-...... N 3
5200 5400 5600
mg (MeV/c?)
)|
F B—Dor, Dot —
- Ll'le -
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- Vs=7TeVData —
15E 55 =
1o events E
Tt } { :
5 e 18 —
i ) sypand ]
L1t T il
5200 5400 5600
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Events /( 11.8 MeV/c?)
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3 T T 3
oF LHCb E
. Preliminary 1
40'5— \S=7TeV Data _f
30 162 E
2 events E
10F Tt ;
(|=F _
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25§
126
N events
10
5 .
. . ol i
5200 5400 5600
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"% Electroweak Physics

s LHCDb can make unigue measurements of many
Important quantities

o W* & Z° cross-sections at 1 > 2, allows access to

precision PDF measurements necessary for precision W
mass measurement. Data from 16 pb-’

— g IIIIIIIIIIIIIIIIIIIIII
- T |¥ - —
= 120 B8 B —4— ]
% 100F- LHCD preliminary Es‘:é 0.2F -
> 2 f ]
W g0 5 L of LHCb preliminary ]
60 -0.4- 3
0 -04~ MCFM NLO\/s=7 TeV L4
20 - MSTW2008 PDFs g
-0g -
......................

%o 80 100 120 0 1 2

M) Invariant Mass (GeV) Lepton Pseudorapldity

0 Measure Agg In Z° decays, determine sin?6,,; to
+0.00010 in 50 fb-1, -discrepancy between LEP & SLD

Chicago, April 11, 2011 (0.23221+0.00029, 0.23098+0.00026)




