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Pﬂ The [HCF Collaboration
= 80

0 Physicists
= 54 Institutes e

i! X _{_QL‘_
= 15 Countries ‘h M

o 1 Group from USA sl
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= Basking in light of 2008 &
Nobel Prize to
Kobayshi & Maskawa, “for the discovery of the
origin of the broken symmetry which predicts the
existence of at least 3 families of quarks”
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P] @W% /%9//(;/ & the CAM Matriv

» [MNAass

S b
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1- %kz A AN’ (p—in)
C = vy 1-lx2 AN’ }
2 m
t AN (1-p-in)  -AN] 1 2
S
S

\

A, A, p and n are in the Standard Model
fundamental constants of nature like G, or agy,

n multiplies i and is responsible for CP violation
We know 1=0.22 (V. .), A~0.8; constraints on p & n

Ui, af Fenn, /fjﬁﬁ// 7, 2070 3



LHCD
|- )

Current Status af CP & Other Measurements

SM CKM
parameters are:
A~0.8, 1=0.22, p &

N

CKM Fitter results

using CP violation

in J/y Kg, ptp~, DK,
, & & AM,

The overlap region

includes CL>95%

Similar situation
using UTFIT

Measurements
“consistent”

Ui, af Fenn, /fjﬁ/‘// 7, 2070
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What don T we Know: /Dé%@/é& Ba%wm/
the Standard Model
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ek /Déff/&& gaywm/ the Standard Moded

s Baryogensis: CPV measurements thus far indicate
(ng-ng)/n, = ~6x10-1%, while SM can provide only
~10-?°. Thus New Physics must exist

s Dark Matter

Observed vs, Predicted Keplerian

o)

B Gravitational
lensing

100 200

Prediction

Fotation Speed (kmise

o ] ] ] | ] | ] | ]
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 ~101°
GeV to the Electroweak Scale ~100 GeV without
“fine tuning” quantum corrections

Ui, of Fern, Apr 7, 2070 p
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Flavor Frobloms

= Why do the fermions have their specific
masses? Why are the masses in general
smaller than the electroweak scale?

= Why do the mixing angles (the CKM matrix
elements) have their specific values?

» Is there a new theory that relates the CKM
matrix elements to masses?

= What is the relationship between the CKM
matrix and the neutrino mixing matrix?

Ui, af Fenn, /fjﬁ/‘// 7, 2070
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Linite on New /Dé%f/&f

s \What we observe is the sum of Standard

Model + New Physics. How to set limits on
NP?

m Assume that tree level diagrams are
dominated by SM and loop diagrams could
contain NP

- s b, W
q - t,cu t,c,u- t]

coru Uy
—4-\ 0 5 b 5 i
q +

Tree diagram example Loop diagram example

Ui, of Fern,, April 7, 2070
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Tree Loved Okl

s Tree diagrams are unlikely to be affected by physics
beyond the Standard Model

fitter

Beauty 09

0.6

has CL > 0.95
-2
———
K
S

0.5

0.4
1=
0.3

excluded area has >

0.2

= IIII|IIII|IIII|IIII|IIII|IIII L1l

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

<l
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I=

CF Vietation n 5 & £° &/{Zy

= Absorptive (Imaginary) of mixing diagram should be
sensitive to New Physics

0-7 I I I 1 1 I | 1 | I 1 | 1 I 1

- (8 : KM =
o 1

— I fitter =]
0.6 = A v 1 Beauty 09 -

C O ! -

L o -
0.5 o _ : & =

— | ® sin 2'3 : sol. w/ cos 2f < O —

il 1 (exclial €L > 0.95) -
0.4 (—S —

3 —

C o -
03 — SK —
02 — =
0.1 [— —

= oo, \
0.0 1 1 [ [ [ [ L [ L [ L 1 1
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<
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// éef are Consistent

3 ! il
(= .
— A N fitter -
0.6 = é / ! v(o) Beauyes
- |8 X -
05 ¢ _ l €k —
— @ SN 2 : sol.w/cos2f< 0 -
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04 3 —~—= =
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Linits on MNew /Dé,&/&/a& /[M/r( 5 /%w//(y

| cluded al eah CL >

s Is there NP in Bo-B° 27

mixing? :
m (B°H"B°) =AY (BOHYL,[B°)
A)" =ReA, +ilmA,

F

£ [

m Assume NP intree
decays is negligible, so
no NP in [V;], y from
B-—D°oK-. ?

m Allow NP in Am, weak
phases, Ag, & Al

1
—

Re Ay
Room for new physics, in fact

SMis only at 5% c.l.
niv. of Pern,, Aprit 7, 2070 y ° 72




Lach Linits on New Péym@ From 5 /%o/,,ﬁ

= Similarly for Bg Jernres

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,

Unii. of Fen,, 4/7/‘// 7, 2070 73
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New Péf&/'a@ 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
ao Extra Dimensions: "
o Little Higgs: "
U
U

Left-Right symmetric models ”
4th Generation models ”

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

= Lets go through some examples, many other

interesting cases exist
Unii. af Fenn,, /fjﬁ/o// 7, 2070 74
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§ uperSymme 5/%' MNSSH

MSSM from Hinchcliff & Kersting (hep-phooo3o90)
Contributions to B, mixing B.—J/yf, or ¢

b 5, s Db > W_._}S }J’w measures
z teu A t’C’UB 5 t Xt ; CP violating
KA ot <k B I 22

2

CP asymmetry ~ 0.1sin¢ cos¢,sin(Amgt), ~10 x SM
Contributions to direct CP violating decay

B"—¢K" "'%;E § *

Asym=(M,/mg,,n)°SiN(¢ ~O in SM
niv. of Pern,, #Aprit 7, 2070 5
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Degenerate Non-degenerate U(2) FS
SUS)+ = 4x10° SU(S)+v - . — 4x10™
015 o desenerue = 4107 GeV 015 e nomdegencrnte = 4107 GeV UES
L tan =30 ] [ tan B=30 - ] 01577+ 11—
010i ] 010: ] b tan f=30
10 B 0L 1 0.10F .
0.05F . 005 . .o s
- ] ~ E : .- .. L v ]
_ZB oF _: T 0.00F
S s I S
©".0.05 :_ T ..-yW E’-0.0S - A s
il - 1 . :
-0.10F ] -0.1o:
. ] 045F ' : E : ]
-0.15:— g B : 1 0.15[ .
B _0_20- IR U N SR SR N AN TR TN N SR SR N SR L
,O'20|..I..|\|\|I\|.I.\| S | | L
0 200 400 600 800 1000 -0.20
0 200 400 600 800 1000 m (1) [GeV] 0 200 400 600 800 1000
mp(Hg) [ GeV ] e m (1) [GeV]

O —2 can deviate from the "SM” value of -0.036 in
%) GUT non-degenerate case, and the U(2)

model. From Okada’s talk at BNMII, Nara Women’s Univ. Dec., 2006
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2k C{’ Lutra Dimensions

= Using ACD model of 1 universal extra dimension, a
MFV model, Colangelo et al predict a shift in the zero
of the forward-backward asymmetry in B—>K*utu-

m /nsensitive to choice of form-factors. Can SM
calculations improve?

0.3 5
= Input AFB (S) L
0.2E- —— LHCb expectation 2.0 fb™' [
B = C—1 1o LHCb 4t
0.1E- - TN [ 2o LHCh —_—
s ~ o [
[,'I:— — >’ 3:
Ars N S |
0. b — DL
E H"'\-c‘\_ [ :
-0.2— e, 2] :
E ~o 1l
0.3+ i [
0.f - : : : : :
= | | | | | | | | 0 200 400 600 300 1000
0o 1 2z 3 4 5 6 7 8 9 1
¢ [GeV¥c?] E (GeiV)
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The [HOF Detector
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LHCD [etector /@7«/2&%{@/{ 08 - &/f(@/‘d /

s Every modern heavy quark experiment needs:

Q

Q

Vertexing: to measure decay points and reduce
backgrounds, especially at hadron colliders

Particle Identification: to eliminate insidious
backgrounds from one mode to another where
kKinematical separation is not sufficient

Muon & electron identification because of the
importance of semileptonic & leptonic final states
including J/y decay

o v, m° & n detection
o Triggering, especially at hadronic colliders
o High speed DAQ coupled to large computing for data

Q

processing
An accelerator capable of producing a large rate of b’s

Ui af Feu,, /fjﬁ/o// 7, 2070 79



5N dz Basics For Sensitivities

m # of b’s into detector acceptance
= Triggering
= Flavor tagging

= Background reduction
0o Good mass resolution
0 Good decay time resolution
o Particle Identification

Wi, of Fern, April 7, 2070
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LHCD The Forward Direction at the [HC

= |n the forward region at LHC
the bb production o is large

= The hadrons containing the b &
b quarks are both likely to be in
the acceptance

s LHCb uses the forward
direction, 4.9 > n >1.9, where
the B’s are moving with
considerable momentum ~100
GeV, thus minimizing multiple
scattering

s At £=2x103%%/cm>?-s, we get 1072
B hadrons in 107 sec

Ui, af Fenn, /fjﬁﬁ// 7, 2070

. Pythia production cross section
£ ATy
j ' .
W, ATLAS/CMS
< U E
- 100 pb e
Pr 230 b
10 = i
]. | | I“.i | [ | | ;I-
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Production
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The [HCh Detector

mq M5
2 M3
SPDI/EPS LHC’L
B T3 RICH2 M1

Vertex I
Locator [ [\ >
el ==
/ a{rq‘f:' : ;-.'_ ; ‘ .

—S5m

Ui of Fem., ffjﬁ/‘// 7, 2070 22



L H Cb ’e L“w toﬁ /t/amg//y&

LHCb detector ~ fully installed and commissioned > walk through the
detector using the example of a B—~D/K decay

Unii. 0f Fen,, ﬁZ//‘// 7, 2070




B-Vertex /%eafa/‘e/fre/(t

Example: B, > D, K

800 _I_Double Gaussianfit | O = 33+1fs
G, = 6713 fs (31%)

600

47 um 144 1m K+ G(T) ~40 fs
SEeNnsors| / K+ 400_
K= i
_ D, \ 200
=" T I
“TdvIem 40 um

| —900 —-200 -100 Q 100 200 300
troc— Lyye [15]

—5m —

Vertex Locator (Velo)

Vertexing:
* trigger on impact parameter
* measurement of decay distance (time)

Silicon strip detector with
~ 5 um hit resolution

—> 30 um IP resolution

Wniv. of Pern,, Apr 7, 2070 24



LIC b %ﬁw/{fm Mf/ /%&2? measurement

Momentum meas. + direction (VELO):
Mass resolution for background suppre

5m —/
Mass resolution

N i mBs = 537 GeV/c?
c ~14 MeV /\ i — 13.8 MeV/c?
2000~ . Bs— Ds K

X :;._r-m—lq-ri =

Bs 2Ds
1500 } .
() : """"""""""
- @ -
1000 _
I mp= 5.42 GeV/c* 3
i 24.0MeV/| K
Prfimary vertex soof (I

btag

Wiv.



LHCD

Hadron (dex t/f/aa Lion

RICH: K/m identification using Cherenkov light emission angle

vagneic | ——
shiglding _//\
— I =
Bs > DsK Kaon identification performance -
SS flavour tagging F100[ ey e erese e T =
s L T Y i =~
s & it =
E 80__ + + ++ ++H_ =
~—L i =
> i
60/~ K=>K:96.77 £ 0.06% ] |
. n—=2>K:3.94 £ 0.02% i |
i 7 | W
B +++++‘1‘
20— 4414 —
:+ e +**s _
IR *oﬂ"wﬂw“""’ +%e
]t E—— | | R R SO N SRR TN NN SN SR SR T R S S |
20 40 60 80 100
Momentum / GeV/c \

RICH1: 5 cm aerogel n=1.03
4 m3 C,F,, n=1.0014 RICH2:

100 m3 CF, n=1.0005

i, 0f Forn., ﬁZ//‘// 7, 2070
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LHCD Fuarticle ident;

1'. v

-

N

WY ‘-\\_

|
|

o
|
A

)

ulligln

/]

—5m —

Calorimeter system :
* |dentify electrons, hadrons, t°,y |
* Level O trigger: high E; electron an hadror17

Ui 00/ Fem,, /fm/ 7, 2070



NUSRy Partiole identifieation and LO tripger

,’ -
%/,
== 74 N
AN
- ! ! \r
A "//:, I \ 1
I5m 20m z
Muon system: B K+
* Level O trigger: High P, muons _— - +
* OS flavour tagging - D, K:

Ui, 00( Fen., ﬁ/lﬂ/‘// 7, 2070
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7;7}@/‘/}(}

Trigger is crucial as o is less than 1% of total
o 40 MHz 1 l inelastic cross section and B decays of
! interest typically have £< 10°
)
> e,y had o Hardware level (LO0)
-
Search for high-p; U, e, y and hadron candidates
« 1 MHz
)
S — o Software level (High Level Trigger, HLT)
= = Farm with &2000) multi-core processors
F>J HLT1: Confirm LO candidate with more complete
9 30 kHz Global reconstruction info, add impact parameter and lifetime cuts
%I;, HLT2: B reconstruction + selections
‘— N
2 '% gL0)  gHLT1)  &HLT2)
Electromagnetic 70 %
Hadronic 50 % > ~80 % >~90 %
2 kHz
l Muon 90 %

Storage: Event size ~35kB

Unii. of Fenn,, /fjﬁ/‘// 7, 2070 29
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&/f(/ﬂ/&&/'wﬂ}y with Cosmics

= Challenge: LHCb is NOT|
suited for cosmics

o “Horizontal” cosmics well
below a Hz

o Still

(July — September 2008 )
recorded for Calorimeters

& Muon
= Alignment in time and space was done
m LO trigger parameters were set

Ui, af Fenn, /fjﬁ/‘// 7, 2070 37



IS A First (limpse of LHC Protons

LHCb@LHC Sector Tests < W
0 Beam 2 dumped on injection line beam stopper (TED) = %%

4 m tungsten, copper, aluminium, graphite rod in a 1m diameter iron casingw_~
340 m before LHCb along beam 2

>
“Wrong” direction for LHCb

Centre of shower in upper right quadrant
High flux, centre of shower ©(10) particles/cnill

Vertex Locator ©(0.1) particles/cm?

-3000 L H

-2000

-1000

0

1000

. . . . . L 2000
35000 30000 25000 20000 15000 10000 5000 0 5000 -10000 om
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KIS A First (linpse of LHE Brotons

Scintillator Pad Detector
Spd 20 view 24 (T0) with 1 event (30767,4058,2688)

Entries 99703
Meanx -492.5
Meany  B81.26
RMSx 2013 ¢
RMS 1739
0.8

o,

4 i
. \ x Locator
f \ ha ) ;
4 "-.." L ! ;

Muon : 70 candidates in average pe

| s W W [ Wi by 3
oo " o
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RTesiduals

——&— 2008 Blazed Residual

}

------- Binary Resolulion

)
o

= = 2006 Test Beam Resolution

=  The detector displacement from metrology usually is
less than 10 um

R Res. [um
(5] ()
o 3]

W]
o

T T T T T[T T [T T [T T [ TT VT[T oroT 7o

= Module alignment precision is about 3.4 um for X and
Y translation and 200 urad for Z rotation 20

Preliminary

¥2 1 ndf 5.856 /7 AT RRTT PN FREEE FRRTY

% a0 50 60 70 8 90 100
Prob 0.5566 Pitch [um]

Constant 1253+244 @ residuals
Mean -0.2845 + 0.4893

12

—®— 2008 Biascd Residual

10

[ mL
a

B
(=]
T

====«== Binary Resolution

Sigma 3.353+ 0.491

= == 2006 Test Beam Resolution

<% Res.
(7]

w

T

(3]
=]
T[T

Preliminary

d T R TTTY 5:_

IIII|I|
920 15 -10 -5 0 5 10 15 20 g‘....l...l...l...l...l.

AT AT
Diff. of Align. constants [um] 0 40 %0 60 70 80 pn?;?; [pnli]u_
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KGR (HC6 Data

m A few glimpses of real pp collision data (0.9 TeV

g N

R THHANE IR S b +

+++ ;: e 1"’
* *“ ;*t#*' "I%

e o —___VELO partially closed

11.12. 2009 5:50:50
Run 63691 Event 472 bld 2209

VELO nominally at ~8 mm from beam
kept at 15 mm due to beam hazards

Ui, af Fenn, /fjﬁ/‘// 7, 2070



Tracking & Calorinetr

| m,... (LHCb 2009 data, preliminary) | ‘ m.... (LHCb 2009 data, preliminary) ]
> annf Integral 2510 =0l Integral 2504
23001 2 et e 2160F ¥ | mdf 11275/ 82
o Frob 0.0020102 - L Prob 0.013755
% N constant 19,06+ 1.41 E'MU - T constant -295.3+ 152
2250 KO slope  -0.027018 & 0.002655 < u j\_L siope 027991t 0.01366
3 [ S L. 13207 + 413 T120F ﬂ Mg 411,39+ 2596
T m 496,86 + 0.14 T m 1115.7= 0.1
et 41479+ 01311 r Ll 14381+ 0.1143
g200 - 8100 -
150 — 80|
% 100[- u
c - 10p
E oF 20—
# = I TR A TR TR G, t t . !
Q TR A i e RAT o T A L I | I PP P
— qlﬂl] 420 440 460 480 500 520 540 560 580 qIOB'IZD 1090 1100 1110 14120 1130 1140 1150 1160 11[?.:‘] V]
Q_ " [ LAY, m..._. 2
0 E"ﬁée'“ ‘;%?I po 154,14 22.7
(_) = E:.ll:dr w2l C pi S46.0 = 4.7
- ol L7201 100 — 2
5 z 5 oo
asof- 0 & Pl anf— pd 14.48+1.19
E n £ b1 s Bltens = ]] ps 01303  0.0019
200 -|-J[ {_T]l ml ﬂt} . - pé 9127605+ 271306
250f f 1 t c
- HH# g 70
200— -
= t 601
150— F
100 “J(
sof | 40 §
E +T£++ | | 1 | | I
1 1 et 1 Ll 1l L 1 1 L Al L | 1 1 L 1 1 1 1 1 A 1 1 L
% 50 100 150 200 250 300 . T T B ' '

200 300 400 500 600 700 300 900
di-photon inv. mass, MeVic*2
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LHCDb data
(preliminary)

LHCb data
(preliminary)

RICH

Kaon ring

Puarticte (dentification

6000

Entries

5000

4000

3000

2000

1000

Events/( 1.56 MeV/c?)
N 8 2 8 8 B B
IIlIIIllIIIIIIIIIlIIIIIIIII

o

LHCH

Preliminary
450 GeV Data

® > KK ? s

No PID 3

1 i i L L 1 i i i i 1

1000 1050 1100 .
m,, [MeV/c]

with PID

LHCH
Preliminary
450 GeV Data

Cgauss = 1.75 £ 0.32 MeV
m = 1019.61 + 0.22 MeV

Nsigna = 574.4 £ 35.5

® - KK'!

Gedssve
980 1000 1020 1040 1060
m,, (MeV/c?)
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Interaction

N, N region
yo— A f Bunchl —"~—~  Bunch2
Aen e, S, |
1 / 2 D
A - f g (z,y) g2(x,y) dx dy N Effectivearea A  ~— N,
eff N Y

overlap integral

m Profile from beam-

=  Gaussian shape beams: £ =

gas collisions

N, N, f

Amo .o,

%
4 ES - 'lt'-‘_. . . |
T A '1,_ - ) .' ; .. ,,_.:p—.f::f".':*—_f
2+ L 1 e . - . !‘gp:-—-r;:u-: - .
3 ¥ . .
E O ee 3
K - -o:.-
-2:__#4————"*_ .
6, -0.002167 +-0.000015 #, 0.001913 +0.000069 | LHC“])
-4r 5, 0.55310.009 s, 0.489 10.051 : =
-1500 -1000 -500 0 500 1000 B 1500 >
Z (mm)
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Bean Sizes f/ﬂm Bean- fa&

Beam 1 =

Entries 312
A 348+ 2.1
70} p 0.507+0.021
- . - o . 1.1 o 0.257 £0.021
Fit with VELO resolution added 6ol ¢ 135
in quadrature for every bin
. U 50}
in Z and #tracks .
o X
20}
10
!I 1L
0 = = = il gt ®
an ; . -1.5-1.0-05 0.0 05 1.0 15
Green - overall VELO resolution X (mm)
60 —
Entries 313
341+ 2.1
50+ 1 -0.347 +£0.023

o 0.321+0.020
A 18.4

X

th

Y (mm)}

1.5

20} °

15¢

15+

| =z10f

Entries 56

A 78+ 13
p 0.495 +0.065
o 0.323+0.072
)(2 11.3 I

X

0 L L 1
-1.5-1.0-050.0 05 1.0 15

X (mm)

LHCH preliminary Entries 57

85+ 14
1-0.407 £0.062

o 0.315+0.053
X B.0

Y

-1.5-1.0-05 00 05 1.0 15
Y (mm)

— Beam 2

Unii. of Fenn, /fjﬁ/‘// 7, 2070

39



Events

-
=3

Size af Luminous /@fz/m

Two Cglliding bunches

Entries 19919

A

Entries 16434

3000+ A 1160.1+ 8.2 1 2500} A 9525+ 75 -
u 0.548+0.002 u 0.543+0.002
2500r 7. 0.185 +0.001 2000} o 0.188-+0.002 i
2000} X | ¥ 110.9
9 oo z i 1500} -
_— 1500
beam— beam oi+al fO.’" X > Y 1000 X 1000 X 1
/ 500 4 300r !
correlated 0 15100500 05 10 L5 0 353 0-0500 05 1.0 15
3000F X (mm) X (mm)
Entries 19925 LHCb preliminary Entries 16436
A 1163.0+ 8.3 A 9558+ 7.5
. 1 2500 1 -0.397 +0.002 1 2000f 1 -0.386 +0.002 1
Lumi o . ; 2000 7,02280.001 7, 0.249 +0.002
| 2 2 | 2 2 ? #§7.9 1500 ? #52.0
2 Ty le+ UZx V Uly+02y Z 1500 =
1000
1000
. _ 500 500
Strong constraint on o o
O-Ve]."l‘dl:) illteglli’tl —-15-1.0-0.5 0.0 0.5 10 15 -15-1.0-05 00 05 1.0 15
Y (mm) Y (mm)
i 16007 Entries 10885 1 1400 Entries 16409 i
H geam 1 1400F A99144.1+ 705.1 1 1200} AB15392+ 6395 i
Bt besms 1200k u 3.824+0275 u 4.48010.297
} 7,38,438 +0.198 1000} 0,37,66160221 .
1000} X : . ;
‘ Z gool = 800 E
| sool 7, | soor 7 :
p];ﬁ[‘l‘)” J] 1.| 400k | aoof i
HI‘ L]JI,I',HLU L 200 { 200} -
Hﬂ’%'P / ]h ]|ﬂ] 050 —1o0 50 ©0 50 100 150 -150-100 —50 0 50 100 150
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Cross-sections reasonably
consistent with PYTHIA predictions
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Some ﬂ(i@/‘e&f/}gx /% easaremenls

& Sensitimitios

LHCb expectations: > 300 fb-1 in 2010
~ 2 fb! for nominal yr
~ 10 fb-1 for “1st run”
~100 fb-1 for upgrade

Ui, af Fenn, /fjﬁ/‘// 7, 2070 4
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(O L a/ﬂ/}(m'ty /Dﬁg/'ea Lons

s [Two years at 3.5 TeV

= 2010: should peak at 1032 and yield up to 0.5 fb-"
s 2011: ~1 fb-'at 3.5 TeV

m 2012: splice consolidation (and cryo collimator
prep. ) Aggressive

m 2013: 6.5 TeV - 25% nominal intensity

2010 8 35 25 7610 - 05(05) 0.5(0.5)
2011 8 35 25 7el0 1  08(0.8) 1.3(1.3)
2012

2013 6 65 1 11e11 720 14 1.1 7(2) 8 (3.8)

2014 7 7 1 1.1eM1 1404 30 2.3 16 (2) 24 (5.8)



ﬂ(c(e/ﬁe/m/e/(t estimale

Courtesy of a rather pessimistic but perhaps
more realistic Massi Ferro-Luzzi

2010 7 €10 - 01(0.1)  0.1(0.1)
2011 9 35 25 9e10 720 12 01 1.0(1.0) 1.1(1.1)
2012

2013 6 65 1 9e10 720 9 045 27(2)  3.8(3.1)

2014 9 65 1 9e10 1404 17 06 53(2)  9.1(5.1)

At least in the same ball park

Ui, o[f Fen,, 4/1/‘// 7, 2070 45
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&//(Wa/ Stra L‘ef%

s Measure experimental observables
sensitive to New Particles through their
Interference effects in processes mediated
by loop diagrams, e.g. _ _ . -
o CP violation via mixing qu W+§ et % W- qg

o Example b__ {n r:"} J/W

W ,
S
Unii. af Fenn,, /fjﬁﬁ// 7, 2070 E} q) ’
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CF #«%/ﬂ/ﬂéf/‘% w5 5—)(7/ | (I)

= Just as B°—J/y K measures CPV phase 23
Bs—J/yv ¢ measures CPV Bg mixing phase -ZBS

= Since this is a Vector-Vector
final state, must do an angular
(transversity) analysis

= The width difference Al'g/T'g
also enters in the fit /

s Combined current CDF & DO 5 COF FunllP, 530700 288
results

= LHCDb will get 131,000 such

events in 2 fb-!. Projected errors *°|
are £0.03 rad in 235 & £0.013 in_22

E

95% CL

0.4

=

0.2}

AT [ps™!]

» 16 LHCb in 2 fb”

Univ. of Pean., Apredl 7, 2070 08510 05 00 05 10 15

ﬁj/ G [rad]



§SY B, deig B~y fol 980/

s Problem with J/w ¢: S-wave = [ s ]

m Stone & Zhang estimate 10%,
can be dealt with, but increases
complexity and error (axiv:0812.2832) * |

= CLEO also measures ,.,,.. wd
B(DY — fo(980)e* v, fo — 777 7) = (0.20 £ 0.03 £ 0.01)% MKk
B(DY — ¢etv, ¢ — KTK™) = (1.16 £0.11 £ 0.06)%
m Estimate: 5(B.—»J/vy f,—>J/y ntn)/B(B—~>Jdy o—
Jhy K*K") =20-40% [Note M(B,)-M(J/y)=M(D,)]
= This is a CP Eigenstate, so can get independent

measurement of somewhat worse accuracy
Unii. af Fenn,, /fjﬁﬁ// 7, 2070 48
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CLED Data 00907 3207
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Wi af Fonr,
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+
D .—f,e*v
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n
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o
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120 |

[]
=]
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5_) (I)Y A7 Phi- ~Handed carrents

s Define - ABo=2"%| 7arg in SM
A (B = 0y) | -
Alst A® sinh Al

m Theory 1y g () ~ [APe ™ (cosh = 5)
taeers (0~ Tmae () where A2=sin2y

m Sensitivity (assume Al'g/T's=0.12)

s o(sin2y)=0.22 2fb! "

= o(sin2y)=0.10 10fb" *

s o(sin2y)=0.02 100fb" * == 1Al

1 ‘ [ — Bl 1 | —e— AA=O
O.QS?TjT—‘—':T: T r ‘ ‘
0.9;

1.25

ary [ 1
500 fs

1.2

1.15

—0.4 AD =0
SN

A8
A
]Nclata

0.857||\||||\||\|\\|\|\||||\|\||\|||\\l
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5 e M+ L & S upersymme L‘/y

. . B ey o H.+
= Branching Ratio very
sensitive to SUSY
= In MSSM goes as tan®p
1L e s e BB
CMSSM, n >0
. e tanf=10
° e tanf=50A =0
: tanp = 50, A, = +m
107 = ".l'. tanf = 50, A: = -m:: _
:;:. - % .'. o tanf =50 A =+2m,,
= iu oo o tanp =50, A,=-2m,,
Q'_J,m 'o..
& : Bos
- 10° e.“::.ﬁt'z.... =
C T %®o0 5 % o
e aeee——memm——aeee .
, ——— 1 SM
J. Ellis et al., hep-ph /0411216 |
S N RN N B ARV B
200 400 600 800 1000 1200 1400
m,, [GeVl  Gaugino mass

Unii. af Fenn,, 4&%// 7, 2070 57
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and

= With 10 fb-? barely able to make significant
SM level measurement

m Precision measurement requires 100 fb-"

— = —=—---. CDF+DO0 expected

\ 9 for

: SMp;redchf.lr_m DRI : 56 measurement

-
o

l"‘-.-'!q“

| i iy |
~J_ " “~=—=—=g—_ 35 measurement

N -

BR(B->u'u) (xI0)

Unii. af Fenn,, /fjﬁﬁ// 7, 2070 52
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B>t

W- Vi

s Standard Model: b

m Supersymmetry:

Ui af Fenn,, /fjﬁﬁ// 7, 2070 53
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—A

m Described by three angles °
(0,, ¢, 6) and di-u invariant

mass g-?

o Forward-backward asymmetry

Arg of 0, distribution of particular mterest
- Varies between different NP models —

- At Az =0, the dominant theoretical
uncertainty.from B ,—K”* form-factors cancels at

LO
N. —N
AFB (qz): NE "‘Nz

Wi, of Fern, April 7, 2070
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i B
s State-of-the art is recent Bf,}le . 8

625 fb-' Belle analysis  ~ ~'3f o

E CCw=—C
M_ Jt

14]
12§
1

250 K*// arxiv:0904.07701 <+ Ljij—
= CDF have ~20 events B Sairen B H
in 1 fb-1 arxiv:0804.3908 T aiﬁi ﬂ;}z PR
m LHCb expects ~750 in BaBar (ICHEP 08)

300 pb-!(with p*u-only) Eam 1 L] 2
= ~7k events/ 2fb" with B/S % EE7cbs ————

~ 0.2. After 10 fb-'zero of “ﬂz:} e ' . \E

Arg located to £0.28 GeV?  —""".. 5 _

Ui of Feu,, /fjﬁ/‘// 7, 2070 55
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Other #/(0@«%2/‘ Variabtes in £ *]JJF L

s Supersymmetry (Egede, et al... arXiv:0807.2589)
m Use functions of the transverse polarization

( 2 e e
Ap p=V2ZNmp(l - 3) {c’g -:mu)+—[c”“+c ()] ¢ (B,

AT NP 2 feff)  (eff). ]
Ajrp=—V2Nmp(l - &) | (5" F Cio) + —2(CF° ¢l W e (Bx.). & are form factors

N my f e +le e
Ao p = —— ﬂlBT(l — Sﬁlzliff £ e0) + 21, (C B l‘ ) ]fn (Erc+ ),
Qrmgcs V' 8
Agr At — A A 6. 10 fb’ LHCD. assuming -
A~ Boedle Shecirl 0 LGy iy
[ASL AL +AGRA||R| A(4) j
T o
With more JL can distinguish between b
different SUSY models in some cases = E=m ¢y &

Wi, of Fern, April 7, 2070 @ [GeV¥ci] 5
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Lootic Searches

s LHCb complements the ATLAS/CMS solid
angle by concentrating at large n and low p;

= Sensitive to “Exotic” particles decaying into
lepton or quark jets, especially with lifetimes
in the range of 500>t>1 ps.

= We will show one example, that of “Hidden
Valley” Higgs decay

Ui af Fenn,, /fjﬁﬁ// 7, 2070 57
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Search faﬁ Hdden Va/é%&

= New heavy Gauge sectors can augment the
Standard Model (SM) as well SUSY etc..

m These sectors arise naturally in String theory
m |t takes Energy to

. LHC
excite them VAR
= They couple to SM \ hiden
] , LEP | valley
via Z' or heavy FERNE
particle loops I
s From Strassler & <7

Zurek [hep-ph/604261]

Ui af Feu,, 40/‘// 7, 2070 53



LHC b &a P é fwc E%’Z/‘/& # f/f/‘f ﬂ@&df&'

= Recall tension between N =
predicted SM Higgs mass | \:: ‘2,;2;;;_3325372 '
using Electroweak data & . | \i = _
direct LEP limit o _
= Limit is based on SM 1]
decays, would be void if o Excluded o g Prelminen]
there were other modes m,, [GeV]

= Hidden Valley provides <
new scalars 7°,, allowing ”an»<ﬁ
Ho— n°, m°, — bb, with h
long lifetimes possible.
i of Pen,, #Apri 7, 2070 59




/%&s’ Fesolutions

~ 14k Higgses in LHCh acceptance for 2fb-1
~ 30-35% trigger efficiency

5 I = ~ 4-5k Higgs decays (low bckgrd)
' ]l before offline analysis

s
=
]
(mass)
3
!

dN / d(mass)
|

o] II _____________ my=120, m,=35,1,=10ps

IRELEENEEEN
sui_........| """"""""""""""" i """"""" 3,];_ .......... l ................. T{ .................................................................................................

dN/d
II!III!III LB

100 S | R D m,=120,.m,=35,¢,=10ps ...
|

80

40 — ------------------------ }HI{| --------------------------- -------------- -------------- -------------- 40

" 5 I : B
20 -_} ., ............ T"‘ ........... * : |*T++ + + + . 20 - | | i

L i : * B i i AR H L,
-ltl [ | IIII:IIII:III i +II *ﬂ+ i *lf:l ﬂ u-lal 1l I L1 1 1 l L L 1 1 11 lT r +*‘i* +1?I'Tlila
0 20 40 60 80 100 120 140 160 180 200 0 100 200 300 ¢DU 5[10 600
Di-jet invariant mass [GeV] Four-jet invariant mass [GeV]

J—
=
——
——
——
——
——

o Expect a few thousand reconstructed decays in 2 fb-

Ui af Feu,, /fjﬁ/‘// 7, 2070 60
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How We Can @/ﬁ}/‘aa(e

= Run at higher luminosity

= Improve efficiencies
o especially for hadron trigger
o Photon detection
o Tracking, e.g. reduce material

= Improve resolutions
o Photon detector
o RICH

= Basically build a better magnifying glass!

o New VELDO, etc...
Unii. af Fenn,, /fjﬁ/‘// 7, 2070 62




LHCD
|- )

Current ﬂ@}}eﬂ Eff/&/@/{&%

by trigger / # of events found after aI ot

= As usual define trigger e= # events accepted
ner

analysis cuts

m LO typically is 50%
efficient on fully
nadronic final states

LO efficiency (%)

= HLT1 is 60% on DgK
m HLT2Z is 85% on DgK
m Product is 25%, room for improvement

Univ. of Fern., April 7, 2070
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Ow Goal

m To collect signal at >10 times current rate,
then we will possess the most powerful

microscope known to man to probe certain
physical processes

2 We will use specific channels and show rates
can be increased, but the idea is to be able to
iIncrease data on a whole host of channels
where new ones may become important

s We are taking into account possible
changes due to the LHC schedule...

Wi, of Fern, April 7, 2070
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Pﬂ Current /@f(/{/}y CondlCions

Luminosity 2x1032 cm?/s at beginning of run
s Take o = 60 mb, [o(total) - o(elastic) - o(diffractive)]
= Account for only 29.5 MHz of two filled bunches

= Most xings don't have i
an interaction

= Need 15t |level trigger
“LO” to reduce data by |
factor~30 to 1 MHz

s Higher Level Triggers
reduce output to 2 kHz

Bat )
0.6

Fractlon

0.2

| A &

® L=2x10" cm¥s

|
| 0

Ui 0f Fern, /fjﬁ/‘// 7, 2070
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Number of Interactions/crossing

| |
4 6 8 10
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é//agma/e /@/{/{//y fw(aft/w(@

m First step run to 1033
increases average # of
int/crossing to only ~2.3

m Second step to 2x1033
Increases to ~4.6

m Trigger change: will
readout entire detector
each crossing & use
software to select up to
20 kHz of events

Fraction

06

2
.

0.2

0

® L=2x10"* cm¥s

® L= 10°
® L=2x10%
o ©
. 2
@ O ®
@ @
@ o ° 0
[ ] Y W ® a ® &

0

2

4 6 8

Number of Interactions/crossing

Unii. af Fen, /fjﬁ/‘// 7, 2070
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LHCD Ove Lo [HO Sensitivitios fc’ﬁ 213

0.3 fb-1 2.0 fb- 10 fb- 100 fb-1
Error in -2, +0.08 +0.03 +0.013 +0.004
#o wrt SM 0.5 1.3 2.8 8.8

value: -.0368

= With 100 fb-! (LHCb upgrade) error in -2f3«
decreases to £0.004 (only «
iImprovement), useful to distinguish among
Supersymmetry (or other) models (see

Okada slide), where the differences are on
the order of ~0.02

Unii. of Fenn, /fjﬁ/‘// 7, 2070
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1.2e-08

= New heavy t' quark
= Changes many rates

1e-08 |

=1
& CPV in many £
modes w
= Ex. Mg-
= Soni et al 1

arXiv:1002.0595

= Likely to need 100 fb-"
to distinguish among
models

4% &//(e/‘a tion Model

E600 GeV |

Wi, of Fern, April 7, 2070
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Conclusions

Upgraded Sensitivities (100 fb-)

= We hope to see the

Observable Sensitivity
effects of new CPV(B.—>b0) 0.01-0.02
particles observed by  cpPv(B,—»dK,) 0.025-0.035
ATLAS & CMS in CPV(B.—J/yd) (2B.) 0.003
“flavor” variables in 10  ¢PV(BJivK) (2B) — 0.003-0.010
fh-" CPV(B—DK) (7) <10

CPV(B,—~D.K) (y) 1-20

= Upgrading will allow B(B. ) 5-10% of SM
us to precisely Ara(B—K* ) Zero t0 +0.07 Gev
measure these effects CPV(Bs—d) 0.016-0.025

Charm mixing x'2 2x10-°

Charm mixing y’ 2.8x104

Charm CP yp 1.5x10+

Unii. of Fenn, /fjﬁ/‘// 7, 2070 69
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[he Fulure

= Yogi Berra: “lts difficult to make
predictions, especially about the future”

m Possibilities:

ATLAS
CMS BSM Only SM BSM
high p; physics

LHCD
flavour physics

Particle Physics @ @ ©

Only SM BSM BSM

= Fourth possibility too depressing to list, but
LHCb measurements could set the scale of

where we would have to go next
Unii. af Fenn,, /fjﬁ/o// 7, 2070 70
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LHCH Erpectatins 300 pb”

= Upper limit on Bg—ptu-

100 ] T L) L] L4 L l
_ _ COF&DOEf") ]

og xpected CDF & DO (9 fb™) .
r L] L] L] s T A S aE - 4
<
~  10-
3
+
1 -
;I‘ B sm prediction

(/)]
&9 190% C.L. exclusion limits at8 TeV CM
(a8

1 ; ; ; : ;
0.0 0.1 0.2 0.3 0.4 0.5
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/Dé%@/'a@ Case faﬁ @/ﬁyﬁaa(%’

= One view: Most major discoveries have been
not “planned.”

4/‘6}0@ Jé-(/'&@ eeeeeeeeeee i
Household Cleaner
— Vinegar
' sl Works:
Wonders:
| Left

Left
undisturbed —» = &

pa—
-
e

d
.- undisturbed - ) m

R

Unii. of Fenn,, A/ZM// 7, 2070 73



2 C{? Eva//(/ﬁ/e&' af feﬁe//(c///b/l‘aa@ Diseoveries

Device User date Intended Use Actual use
Optical : o :
Galileo 1608 Navigation Moons of Jupiter
Telescope
C(_)mpound Hooke 1650 Magnification Bacteria, Cells...
Microscope
Optical Hubble | 1929 Nebulae Expanding
Telescope Universe
Radio Jansky 1932 Noise Radio galaxies
: Penzias, : : : 3K cosmic
Micro-wave Wilson 1965 | Radio-galaxies, noise background
Super : Neutrino
Kamiokande Koshiba 1996 Proton Decay oscillations
Spear, BNL Richter, Ting | 1974 Hadron production Jhy
Tevatron CDF, DO 2007 Find Higgs Boson Bsoscillations

Unii. af Fenn,, /fjﬁﬁ// 7, 2070 74



el 7;4}}@/& r.gﬂ@&/f/'&dt/'ﬂ/(f
= Projected online farm is 16,000 cores. Original
spec was 1 GHz, but now getting 2.8 GHz

s For 16,000 processors we have 25 ns *16,000 =
0.4 ms to make a decision (probably will have
>10 GHz cores)

m We need a trigger strategy that executes in (0.4
ms) that is maximally efficient on signal and
reduces the background to an acceptable level
2 Minimum bias must be reduced from 100 MHz

interaction rate to <10 kHz, reduction factor is 100,000
to get 1 kHz background rate (~same as now)

o We specify g;,,,>50% on hadronic events, but aim
higher

Unii. af Fenn,, /fjﬁ/‘// 7, 2070 75
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We are sensitive for
lifetimes shorter than
a few hundred picoseconds

s ATLAS/CMS are designing
triggers to see these

Pﬂ ﬁm/a/eme/(fa/‘/by with # f A f/ f/% f

SV reconstruction efficien
= o = =

..............

.............................................................................

0
D t

lllllllllllllll
00

t PV [mm]

decays if they occur in their calorimeters or
muon system, sensitive to much longer

hep-ex].

ifetimes. See S. Giagu “Search for long-lived
particles in ATLAS and CMS," arXiv:0810.1453v1

Ui, af Fenn, /fjﬁ/‘// 7, 2070
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SR tipgs Studies
= Many different kinds of exotic decays
possible, but we have studied only two so far

m WWe know H° production cross-section as
function of H° mass, e.g. gg — H° is 30 pb for
m(H)=120 GeV at 14 TeV

= WWe must show
o Efficient triggering
o Efficient b-jet and mass reconstruction

0 Sensitivity to short & long lifetimes of the =°, or
other intermediate objects

o Background rejection, e.q. 4b o i1s 5.5 ub

Ui af Fenn,, /fjﬁ/‘// 7, 2070 77



S d\? Hardware & 77 Lovel 7;‘4}%6/"

m LO is hardware
trigger, uses
calorimeters &

m HLT1 is 1st level
software

m Efficiencies are
quite high, as
expected

1.05

Efficiency

0.8

—
| n L] ] L] | ]

0.95
0.9

0.85

Myigqs = 120 GeV

HLT1 normalised to rate after L0

10 100
v-pion lifetime [ps]

Wi, of Fern, April 7, 2070
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7‘//}@/‘ Level 7;?/}@/‘

= More software cuts. Also high efficiency

Egeom (Y0)
14

14
14
15

m Also reduces 4b background to a negligible
level, since the energies of the b’s are much
lower

Ui af Fenn,, /fjﬁ/‘// 7, 2070 79
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~ from trees

Current experimental status in key channels:

1 LphhK ~ 2k

Mode BABAR Belle CDF
Yield [ Ldt Yield J Ldt Yield [ Ldt
(fb~1) (fh~1) (fh™)
BT — DK* GLW 240 351 143 252
B+ — DK+ ADS 370 212 1220 602
Bt — DK™ Dalitz 610 351 756 602
B® — D*r¥ 15 x 10 212 26 x 103 353
BY — DEK¥ 7 22 (at T(55)) 109 1.2
D(hh)K 4.8k
LHCb expectations with 100 pb" — D(Kgnm)K 340
(but including no HLT, and Dn 80k
assuming 14 TeV xsec) DK 450

Totals

> DO(Khh)K®)  ~ 2k

80
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[ e L[/(Q//rm af 5 aﬁ%y@/{a&&

= When the Universe began, the Big Bang, there
was an equal amount of matter & antimatter

= Now we have most matter. How did it happen?

s Sakharov criteria

o Baryon (B) number violation

o Departure from thermal equilibrium
o C & CP violation

» C is charge conjugation invariance (particle — antiparticle)
= P is mirror reflection P[y(r)]=twy(-r)
= S0 one way of viewing CP violation is left-handed

particles behave differently than right-handed anti-
particles

Ui, af Fenn, /fjﬁ/‘// 7, 2070
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ek Saktaror Criteria AV faf/{?f/éa/

= B is violated in Electroweak theory at high
temperature, B-L is conserved (need quantum
tunneling, powerfully suppressed at low T)

= Non-thermal equilibrium is provided by
electroweak phase transition

m C & CP are violated by weak interactions.
However the violation is too small!
a (ng-ng)/n, = ~6x10-'°, while SM can provide only
~10-20

= Therefore, there must be new physics

Ui, af Fenn, /fjﬁ/‘// 7, 2070
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Hoerare éf Froblon

= We don’t understand how we get from
the Planck scale of Energy ~101° GeV
to the Electroweak Scale ~100 GeV
without “fine tuning” quantum
corrections

Ui, af Fenn, /fjﬁﬁ// 7, 2070

8¢



LA C {9 fe/(em/ (ﬁmﬁéat/m fo/o Flavor /Déy&/é&

s Expect New Physics will be seen at LHC

a Standard Model is violated by the Baryon
Asymmetry of Universe & by Dark Matter

a Hierarchy problem (why My;i,0s<<Mpjanc)

= However, it will be difficult to characterize this

physics

= How the new particles interfere virtually in the
decays of b’s (& ¢’s) with W's & Z's can tell

us a great deal about their nature, especially
their phases
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b5 Decay Diagrans

N
: Uceut ;

m a)islargest Yols g's” 5 b w cor
“tree” level L\coru L\“Q d's
dlagram a) simple spectator \ b) hadronic: color su%pressed

O e) & f) b>w"l’,;\<f7“’ b W i »-COr U
contain . Vs
“loo pS,” c) annihilation d) W exchange
other _

. . W
intermediate Juct? b & tou %sd
partiCIeS €) box: mixin v%\y‘g
; g :

could f) Penguin
contribute b s b, W s

z t,c,u‘ W lteus - 7!<t 5
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Flavor in the Standard Model
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el Conclusions

s While much has been learned about flavor in the
last decades, even more questions have been
raised including:

o Why 3 families?

o What is the relationship between quark mixing & neutrino
mMIXing

o Why haven’t we seen the affects of new heavy particles?

m Flavor decays are an essential way of establishing
the identities of anything new that is found

s Congratulations to Kobayashi & Maskawa for their
Noble Prize!

Unii. of Fenn, /fjﬁ/‘// 7, 2070
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LHCD The Standurd Model

= Theoretical Background
o Physical States in the Standard Model

uy (c tj
ROV § P S S - SRR IO o
o) e

o The gauge bosons: W=, vy & Z° and the Higgs H°
o Lagrangian for charged current weak decays

I N V7Y VA RPN

cC \/ECCy

a0 Where (e ) (d,
Jie :(_67‘//191/ )y#VMNS Hy +(UL?€L9t_L)?/ﬂVCKI\/I S
7L ) D)
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The CAM Matris

(Vud Vus Vub \
VCKM — Vcd Vcs Vcb
N th \4 S th Y,

t
m Unitary with 92 numbers — 4 independent
parameters

= Many ways to write down matrix in terms of
these parameters

Wi, of Fern, April 7, 2070
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[ e é//(/'b‘aﬁ/f% ﬂ/&/y/e

= Divide by V_ V. * to get a triangle in the
complex plane whose base is 1

(p.M)

ViV VaVie | o1V
Vca’ Vc}{; Vcd ‘/c;; A Vts
i\ All side & £
Vay measurements can be
(0,0) (1,00 | expressed as functions
of p&n

97
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The ol of QCD
run f

m Interpreting fundamental quark decays
requires theories or models than relate
quarks to hadrons in which they live and die

= In some measurements the QCD effects
cancel completely, in others QCD accounts
for small corrections, and yet in others it is
the dominant error

s Some experimental studies in b & ¢ decays
serve to check the theory
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5&/&’5/@ Constraits on 0D d&n

= Consider V,/V,, =A(p+in), Ve Or;’ub w- FEH
we measure the ratio of rates q—*"’"\&,c \;ru
b—ulvib—clv o« T~ g
IV o/Vel? =A%(p?+1?), a circle
o Unfortunately, there are theoretical errors due to
the fact that the b quark is paired with a light
quark in the B meson, so error on |V /V | is ~ 5-
10% & is fiercely debated
= Another important ratio is |V 4/V,| which is
related to the ratio of the frequency of B°/Bg
MIXiNg. The dominant error here also is theoretical

Wi, of Fern, April 7, 2070
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/%/‘6 on 5 /%//v//y
u.c.t b"d

= B° mixing measured by ARGUS ; Efé EW;(-E
in 1987 -

1 [ T T T | T T T | T T T | T T T | T T T | T T T

s Am=0.507+0.004 ps! os} BABAR

5 06 - _

(current world avg) s °¢¢ R
o5 0.2 ’ 3

2 2 L + d ]

£ £ 0 : | 1z :

DTI = 0.2 F -

= 04Ff ;

O oef E

08 [ P(t)~1+cos(Amet) E

What we are P T R R
interested in _| 0 2 4 6 8 10 12

O Am  G*%

Tg =

|At] (ps)
T ; mth( 1[ )IPQOD

Univ. of Fern., Apihéoféfiéally determined parameters ¢
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//Wa on 5 ¢ /%/,v//y

s Measured by CDF in 2006

P(t)~1+cos(Am.et). A=1 is signal, A=0 elsewhere

[*]
™

=Y

23 Ve

: %
o 1F 2 f
T [ - N
2 | g0
L = 1 \
< -1} s —e— data }
| | | | 2_ —— cosine with A=1.28
G 5 10 15 20 25 '30 0005 61 015 02 025 03 035
Am [ps'] Decay Time Modulo 2r/Am [ps]
4+0.33 - 1
Amg = 1731775 £ 0.07 ps
2
AL (o1 =
’V B. f:m, 7
ts Bs Bs Bs Bs

a circle in the p—m plane centered at (1,0)
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Ky sattioe QCD & Determivatin of 5

Cannot measure fgo & fg,
We can measure fp+ & fq

Ved or CS +
C
+ W+ e
D gluons

CF y

fo+ CLEO results
fy+=(205.8+£8.5+2.5) MeV

Calculation of Follana et al
208+4 MeV

Excellent agreement!

Wi, of Fern, April 7, 2070
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Froblem with f D 7

s Weighted Average CLEO + Belle:
fps=270.4+7.31£3.7 MeV

m Follana et al: 241+3 Mev

s May be a problem here, but errors still
large

= [n any case take f3;=268+17+20 MeV &
fa/fg=1.20£2+5 from average of several
results (see Tantalo hep-ph/0703241)
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#@ﬁé& %m\QP i B8 Dec ays

u.c.t

= For CPV we interfere two decay b - -
amplitudes, one the direct decay 5__ % EW.‘.b
and the decay via mixing. 0,c,t

Consider what happens if Be—f
and Bo —f, with f=T

= The mixing amplitude for B,
generates an asymmetry
~sin(2[3), where

sin(2B)=—2(1-p)n/[(1-p)*+n’]
o Asymmetry means I'(B° — f)_l"(EO — f)

° ['(B° - H)+I'(B° — f)

Wi of /De/(/( /w// 7, 2070 98
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CP i Dec ay

= Must also consider effect of } v,
CKM matrix elements in —»—dZ
specific decay channel ——‘\ }

m For B°—J/y Kg, this phase = 0, since the
decay proceeds via V , & V

m Theresultis a;(t)= —sin(Z,B) sin(Amt)

Unii. af Fenn,, /fjﬁﬁ// 7, 2070 99
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What we don ¢ #now aboul
Flavor
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Flavor as tool fc’/‘ a/(c/e/‘@fd/(c//}g/
NP

Future Experiments
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Pi 5 50/0%/}1(@/(&‘@
= Recently = New

Completed 2 LHCDb @)
a1 CLEO o BELLE Upgrade
10 BABAR = Proposed
aBELLE 0 Euper It3 (gt

= Ongoing higher Ui Belle
21 CDF @y Upgrade
aDO @y 2 LHCb Upgrade

(Bs)
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L{ICI\? Littls 7‘//}}& Model with | /Da/‘/?y

= There exist regions of parameter space consistent with
measurement where large ¢g is predicted & AMg is found
somewhat smaller than in the SM.

= In particular, significant enhancement of ¢5 & the
semileptonic asymmetry Ag, ©®) relative to the SM are
found

From Blanke & Buras, N
[hep-ph/0703117]

[y}

sNeed precision %q
measurements of CP f —10}
asymmetry in Bg—Jhyd & .7 _
8Bs—Ds"/"v)- B(Bg—Dg
*v)
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Cuwrrent Status

s Combined data
are 2.4c from
SM prediction

(" We shall see...

m From Jérome
Charles, Capri,

all
}\‘ cos(p.) x A"

June 2008

| | = Similar results
_0,5__ E New Physics in B.-B, mixing from UTflt
2 o . e Silverstrini
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Fgﬁ% Fhysios Goals of B Decay Studes

m Discover, or help interpret, New Physics

found elsewhere - There is New Physics out
there: Standard Model is violated by the
Baryon Asymmetry of Universe & by Dark
Matter

s Measure Standard Model parameters, the
“fundamental constants” revealed to us by
studying Weak interactions

s Understand QCD; necessary to interpret
CKM measurements.
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LHCD CF wiolation using CF egenstates

= CP asymmetry _ (t):F(BO(t)—) f)-T(B°®) > f)
o T(B(—> f)+r(B°() > f)

= forg/p =1 (1—Wz)cos(Amt)—2Imlsin(Amt)
CY (1) =

lJr\/I\2
= When there is only one decay amplitude, A=1
then a. (t) = —Im Asin(Amt)

= Time integrated

a, (t) = ———Im A =—0.48Im A
1+ X

good luck, maximum is —0.5
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CF violation usiny CF egensiates /!

. 2
m For Bd’ ﬂ:(v th) ) (l_p_in)z o
p[viv,[ (I-ptin)(1-p-in)
Im( j 20-p —=sin(2p)
Q) (1-p) -+’ n
= Now need to add A/A 0 B 1
p

o for Jiy Kt

Ui of Fen,, 4/1/4// 7, 2070



%KQF &‘00//% See fmaté/}y

ot e 1 05 using all (s, Al ) inputs,
e | &s = —2Bs is excluded at 2.4c,
04l | while the 2D hypothesis ¢ = —2p5,

\ ATs = ATM is excluded at only 1.9¢
M' sm (wrt to 1.40 from FC treatment by
Als 0 I\ cosige) X AL ‘ ] CDF)

b Fs
02| \ : 1 very transparent analysis: all theoret-
el | icaluncertainties are contained in the

SM prediction

Eﬁ,ﬂ NewFnysicsinB.oBamimd 1 ATSM — 0.09079:9%7 ps (red line)

s 2 4 0 1' : 3

¢s

s From Jérébme Charles, Capri, June 2008
s Similar results from UTfit, Silverstrini
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[HC6 Foack fa/‘ 5/5 o M+Ll_/

Current CDF Limit
P
— 10
P
Nad
——
+:3‘ ’
A "SM prediction R 5 discovery
e | NS =
= = - -"""---j'f_3c observation,
= = = = = | 90% probability
Range from MC
! statistics
0 1 2 3 4 5 B 7 8 9 10

__ Observation by LHCb expected in 10 fb!, but 100 fb-! needed for
, precise measurement



LHCD Divect Hidden Mz//ey Freoduc tion

—- e BT -35&:;’9‘ t '1'30p 1

(mugt}

= Here we excite a virtual
Z', or other heavy object,
that decays in multiple pv

dhb/ d

[
L=
L=
(=]

s LO & HLT1 efficiencies RN N R
are large ; { [

500 fomn-rememe e el el e d e B )

= Higher Level £

M, =3TeV m,=35GeV T1,=100ps

8 10
Multinlicitv nf Ananaratad © 'g

m Overall efficiency reasonably high, but we

don’t know production cross-section
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Ohada Modele fa/ma/y

Possible deviations from the SM prediction

By - T-dep CPV | b_.sy T-dep CPV | LFV
unitarity in B—¢Ks, | direct CP | in Bs—J/wo
Triangle B->K*y
test
MSUGRA _ _ - - -
SU(5)SUSY n—ey
GUT + vr — _ _ o
(degenerate)
SU(5)SUSY <~0.05 <~0.05 |u—ey
GUT + vr — R
(non-degenerate) o
U(2) Flavor | < g <~0.05 |<a <~0.05 |u—ey
symmetry
few % few % Ty
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