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Status of CKM Unitarity Triangles

e ICHEP2006 Status

including CDF Am, measurement
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LHCD

e Tree diagrams

- Not sensitive to New Physics

e Probe New Physics
- by comparing fo SM predictions

including loops
- by measuring y in loop diagrams
- same for o, B and y

e Standard Model is a very successful theory

o We are very likely beyond the era of « alternatives» to the CKM picture.
NP would appear as «corrections» to the CKM picture Nir
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LHCD

Probing New Physics in B, Mesons

e Flavour Changing Neutral Currents
- NP appears as virtual particles in loop processes

- leading to observable deviations from SM expectations
in flavour physics and CP violation (EP)

- New Physics parameterisation in B, Oscillations Am, :‘theziaq Am;“"
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B, — ¢¢ penguin decay B.-B, oscillations

e If New Physics is found at LHC
- Probe NP flavour structure with FCNC
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LHCb Experiment
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LHCb Sensitivities with 2 fb THCH

Channel Yield B/S Precision
Bs > Ds K™ 5.4k <1.0 o(y) ~ 14°
By >n'm 36k 0.46
d—> T n_ o(y) ~ 4° Angelo
Bs > K'K 36k < 0.06 Carbone
. 3.4k, <0.3, <1.7,
y By — D° (Kn,KK) K*° 0.5k 06 k <14 o(y) ~ 7° - 10°
B~ — DY(Kn" K n) K 28k, 0.5k 0.6, 1.5
oo WEREIe o(y) ~5°- 150 | Yuehong
B~ - DY(K'K,n'n) K 4.3k 1.0 Xie
B~ - D°(Kst'n) K~ 1.5 - 5k <07 o(y) ~ 8° - 16°
By > ' 14k <0.8 ~10° -
i i T o(a) Patrick
B—p'p’p p.p’p 9k, 2k, 1k 1,<5,<4 Robbe
B Bq — Jiy(up)Ks 216k 0.8 o(sin2p) ~ 0.022
Ams Bs > Ds ©" 80k 0.3 o(Amg) ~ 0.01 ps”
ds Bs — JAu(up)o 131Kk 0.12 o(¢s) ~0.023 | Nicolo Magini
Bs - u'w 17 <57 Maria Smizanska
Rare | Bg = K*¥uu 4.4 k <26 o(CMCy*™) ~0.13
decays | g, Ky 35k <07 olhce) 001 | S(t:efano
Bs = &7 9.3k <24 ©apua
charm | D* > D°(Kn')n' 50 M " Raluca
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LHCb — The First Five Years

e LHCb Operations n = # of pp mteractlons/crossmg
Luminosity tuneable = . ]
by adjusting beam focus 5 | B
N 0.8] n=0

- Design is to run at £ ~ 2x1032 cm2s! S |
detectors up to 5x1032 cm 25! x

- little pile-up (n=0.5) i

- less radiation damage 04l

during 15" physics run 02} n=1 ) ?
e LHCb Physics Goals f :é AN

LHCD

Luminosity will be achieved [ 1

Run five (nominal) years 3 3 3

at £ ~ 2 x1032 cm=2s! and collect 6 to 10 fb-! 10 Luminosi'g)/ fom2 5] 10
Exploit the B, system

Observation of CP violation in B, mesons

Precision measurements of B, mass and lifetime difference

Reduce error on CKM angle y by a factor 5

Probe New Physics in rare B meson decays
with electroweak, radiative and hadronic penguin modes

First observation of very rare decay B,—p*y-
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LHCb at higher Luminosity?

e | What's next?

- Many LHCb results will be statistically limited

- Can LHCb exploit the full potential of B physics at hadron colliders?
- LHCb is only B-physics experiment approved for running after 2010

e LHCb Luminosity
- Running at £ ~ 2 x1032 cm2s! is a LHCb design choice
- LHC design luminosity is 50 times higher £ ~ 1034 cm-2s!
- Can LHCb operate at higher luminosity?

e | LHCb Upgrade Plans

- Upgrade LHCb detector such that it can operate
at 10 times design luminosity of £ ~ 2 x1033 cm2s!

- Run ~5 yrs at £ ~ 2x1033 cm-2s-!

- Collect 100 fb-! data sample

- Multiple interactions per beam crossing increases ton ~ 4
- Does not require LHC luminosity upgrade (SLHC)

- Could be implemented ~2013 before SLHC
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LHCb Physics Reach with 100 fb
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¢, from B.—>J/yd

e CP Violation in B, mesons

(
—
1 n

Interference in B, mixing and decay

LP B, weak mixing phase ¢,
is very small in SM

0 = —arg(Vy?) = -2y & -2)%n # -0.035

= sensitive probe for New Physics
e.g. stringent NMFV test

NP parameterisation
Am, :‘lJrhqez'qu A"

Angular analysis to separate J/yo

2 CP-even and 1 CP-odd amplitudes
Sensitivity

at Amg = 20 ps!

Expect 125k B, >J/yo

signal events per 2 fb™! (1 year)

Exnected nrecision

o(sin ¢;) ~ 0.023

Small improvement in ¢, precision
by adding pure CP modes
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¢, from B.—J/yo

o ¢, will be the ultimate SM test
- For £P in B mesons
- Similar to ¢ in kaons for direct CP violation
e ¢, Sensitivity
- LHCb for 10 fb! (first 5 years) a(sin ¢,) ~ 0.010
- ~3 0 SM evidence for ¢, # -0.035
- ¢4 precision statistically limited
- Theoretically clean
e Historical Aside
- 1988 NA31 measures ~3 ¢ from zero &'/ = (3.3+1.1) 103
- Community approves NA48 & KTEV
e |LHCb Upgrade Sensitivities
- Based on 100 fb-! data sample
- Preliminary estimates by scaling with luminosity
- Potential trigger efficiency improvements not included
e |B.>J/yd - Key channel for LHCb Upgrade
o5 Sensitivity with 100 fb! data sample
- ~10 6 SM measurement with 100 fb! | o(sin ¢,) ~ 0.003
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b —s Transitions in B, Mesons

ICHEP 2006
PRELIMINARY
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e Compare sin23 measurements
- in Bd_) (I)Ks with Bd_) J/\VKS
- Individually, each decay mode in
reasonable agreement with SM

- But all measurements lower than
sin2PB from

e Naive b — s penguin average
- 2.6 o discrepancy from SM

e Theory models
- Predict to increase sin2B¢¢ in SM

some of recent QCDF estimates

sin2Pfs— sin2p
oKy |
n'kyg
» K
ol g
KKKg
3K
PLB 620 (2005) 143
, hep-ph/0506268
01 0 01 0.2

Asin23



b —s Transitions in B.—>¢¢

e B.,—¢¢ hadronic penguin decay = = & Jiw
In SM weak mixing phase ¢, é -~
is identical in B.—~¢¢ and BT/ yd b ietay S
- Define AS(90) = sing, (94) - sings (T/yt) o =

- Measurement of AS(¢d) % sind. (¢¢) 2 O
is clear signal for New Physicé (NMFV)

o AS(d9) Sensitivity

= S
Best b—s penguin mode for LHCb |]|] U’C’t3 Z s ?
_ g’ ’}/
5 _

- Expect 1.2 k B,~¢¢ events per 2 fb! 5
- Estimate sensitivity by scaling VieVss ¢
with B.>J/yd S S

- |o(AS(¢9)) ~ 0.14] in 10 fb?

e |Key channel for LHCb Upgrade
- AS(d¢) precision statistically limited
- With 100 fb!estimate precision|c(AS(¢¢)) ~ 0.04| exciting NP probe

- Requires|1s' level detached vertex trigger | for hadronic decay
Expect similar precision for AS(¢Ks) in decay By— ¢oKg
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y from BY — DK', B* — DK* & B.2—D K+ (§{{S

e LHCb goals for measuring CKM angle y
- B9 DOK™, Bt — DOK:
Two interfering tree processes in neutral or charged B decay

- Use decays common to D° and anti-D°
Cabbibo favoured self-conjugate D decays
e.g. DO — Kgmwr, KsKK, KKmmr Dalitz analysis

Cabbibo favoured, single & doubly Cabbibo suppressed D decays
e.g. D% — K, KK, Krnr ADS (GLW) method

- B, —>D K* - two tree decays (b—c and b—u) of O(A3)
Interference via B, mixing

e v Sensitivity

- Expected precision for ADS and Dalitz o(y) ~ 5° -15° in 2 fb!
e | Motivation for LHCb Upgrade
- Theoretical error in SM is very small < 1°
- Large statistics helps to reduce systematic error to similar level
- With 100 fb-!estimate precision o(y) ~ 1°
- Requires | 15" level detached vertex trigger| for hadronic decays

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 13




Asymmetry A in B,—

e Forward-backward asymmetry Agg(s)
Asymmetry angle - B flight direction

—~ 0.4
o
o
o
N
o < 0.2
MO N
N o
M < -
SE o
S =
c —
o O
A0 -n.2
o X
c O
-0.4

wrt p* direction in p*u- rest-frame

Agg(s) for BO>K*0uru-

SUSY 1L 12,50, C 0]
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e Sensitive probe of New Physics

Deviations from SM by SUSY,

graviton exchanges, extra dimensions
Arp(Sg) = O - predicted at LO without

hadronic uncertainties

Zero point s, and integral at high s
sensitive to Wilson coefficients

K>t

LHCD

o Expected Signal Yield

° Ap

4.4 k events per 2 fb-!

Large statistics allows o measure
additional fransversity amplitudes

Sensitive to right-handed currents
zero point sensitivity
= 4,0+0.5 GeV? in 10 fb-!

e | LHCb Upgrade Sensitivity

= 4,00+0.16 GeV? in 100 fb!

4% error on C,¢ff/C eff

0.4

0.2

A With 10 fbt
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More Physics with 100 fb

e What are key measurements?
- Selection of four discussed above

- Importance of different decays could change again
with additional data from LHC, Tevatron and B-factories

e LHCb measurements

- Many more are statistics limited

- can be improved with LHCb Upgrade

- many of these are very sensitive to New Physics
e Additional LHCb Upgrade measurements

- Semileptonic charge asymmetry Ag

- Very rare decays

e.g|{ observation of By—p*p- |and precision measurement of B.—pp-

- Electroweak and radiafive penguin decays

e.g. Ap>App

- Other hadronic penguin decays
e.g. By— ¢oKs By— n'Kg

- _CP violation and mixing |

- | Lepton flavour violation

e.g. B9Sue, DV e,

charm meson decays
in B, charm and tau decays
T —pY, T —Dpippt
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LHCb

Comparison with Super-B factory

Sensitivity Comparison ~2020
LHCb 100 fb-" vs Super-B factory 50 ab"

M Hazumi - Flavour in
LHC era workshop
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LHCb

LHCb Upgrade Detector and Trigger

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 17



LHCD

LHCb Performance vs Luminosity

e LHCb Luminosity
- Running at £ ~ 2 x1032 cm2s! is default
- Will operate at luminosity up to &£ ~ 5 x1032 cm2s!
- Make use of learning experience in running LHCb
e LHCb Detectors
- Detectors able to cope with £ ~ 5 x1032 cm-2s-!
- Vertex detector sensors require replacing after 6 - 8 fb! (~3 years)
- Default replacement - same geometry, similar slightly improved sensors
e Level-0O Trigger - LO
- High pt - u, pu, e, v, hadron + pileup
- Read-out at 40 MHz (synchronised) 4 us latency
- Existing Front-End electronics limits LO Trigger output to 1.1 MHz

- LO trigger efficiency scales with luminosity for muons
but not for hadrons

e Higher Level Trigger - HLT
- Full detector readout into CPU farm at < 1.1 MHz
- Possible scope to improve the HLT algorithms

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 18




LHCb LO Trigger

S ¥ : :
N = P TV S
R B e T R o Mt m ; e
LO efficiency s CETWB D4
Level-0 efficiency & & 2% [ @ B>y T
o 83888 O ,FE YB.aDK Ve ? S
mm TR /|
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DK* E:'-H'll" z 3 4"'= '%'
NP . i (10®cmffs™)
o0 Luminosity / I
-J.//w(zm)}r(s e LO muon trigger / |
J/ ¥ (uu)e . .0N° . / I
oK 90% ef.flaenc-y -, :
3/¥u)n(ry) - scales with luminosity :
puK’ e LO hadron trigger
J/¥(ee)Ks o rro - |
R - Only ~40% efficient |
Ky - does not scale with luminosity

- Required for B.— ¢¢ and B+ — DOK*
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LHCb Upgrade Plans

e The Big Question

- Can we upgrade LHCb detector such that it can Ofer'a're
at 10 times design luminosity of £ ~ 2 x1033 cm-?s-!

- Physics, Detector and Trigger studies have started
- Several approaches possible
e LHCb Upgrade - Step-by-Step
- To operate LHCb at luminosities above 5x1032 cm2s-!
VELO sensors require replacing with radiation-hard sensors
Add Vertex Detector (VELO) and Trigger Tracker (TT) to LO Trigger
Requires 40 MHz readout of VELO and TT
Is Magnetic field in VELO region required?
e LO Detached Vertex Trigger
- Implementation in FPGAs
- LO Trigger algorithms must run in < 2.5 ps (latency)
e Additional Considerations
- Other sub-detectors need upgrade due to occupancy and/or irradiation
- Replace inner most region of RICH photo detectors
- Increase (decrease) area of Inner/Outer Tracker
- Replace inner most region of ECAL with crystal calorimeter
- Possibly add other sub-detectors to 40 MHz readout




LHCb Upgrade Plans Il

e Readout full detector at 40 MHz
- Requires new readout architecture
- Add 15" level displaced vertex trigger
- All trigger decisions in CPU farm

- All Front-end electronics must be redesigned
All binary or digital, no analogue pipeline, increased radiation hardness

e Detectors for 40 MHz Readout
- VELO sensors require replacing with radiation-hard sensors
- Silicon tracker sensors (TT and IT) need to be replaced

- Outer tracker occupancy likely prohibitive
Increase (decrease) area of inner (outer) tracker

- RICH photo detectors need to be replaced
e Additional Considerations for LHCb Upgrade Plans
- running LHCb at £ ~ 2 x1033 cm-2s!

- Tt will not be cheap, but costs expected to compare favourably with
existing infrastructure and complementary approaches

- Electronics R&D can profit from common LHC development

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 21




Vertex Detector Upgrade

e Critical for LHCb upgrade physics programme

Radiation Hard Vertex Detector
with
Displaced Vertex Trigger

VESPA _?_;%,.
VElo Superior Performance Apparatus &

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 22
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Radiation Hard Vertex Locator

e VELO sensors
- need to be replaced after 6 - 8 fb-!
e VESPA for LHCb Upgrade

- requires high radiation tolerance device
>10%° 1 MeV neutron,, /cm?

e Geometry - Strixels / Pixels
- remove RF foil - 3% X, before 1st measurement
- move closer to beam from 8 — 5mm

VELO Module

Strixels & | -
, @0 mrad I
]_ LT _MHHLHH——%—H%H‘DH_ ~ / || eem
© DI rerrry =™
. \.\ im | - |
I 'a_k /Beam Pixel Stations

" Interaction region o =5.3cm
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Radiation Hard

Technologies

e Active Technology R&D for LHC upgrades

e Applicable to strixels & p
‘ Czochralski

Most Probable Signal as a function of Bias Voltage

2220F- - [—— 7104 pomh2
S200F_ —— 4.25x10M4 p/cmhg
—— 1.25x1 074 p/lem?2

4OF + :

Most Proba
2388

150 200 250 300 350 400 450 500
Czochralski Bias Voltage [V]

ixels

[ | ®1.1E15cm-2

| |0 3.E15 cm-2

Extreme radiation hard
For 4.5 x 1014 24 GeV p/cm?
Depletion voltage = 19V

2006 F. Muheim

| 1@ 7.5E15 cm-2 i
T
] hd
52
?
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1 .
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LHCb Upgrade Trigger Studies

| Bs->DsK Yield per 107 s |

e Method 4 70000,
- Run L1 trigger algorithm at LO 8

- Use B.»D./K* MC data at : sooooi— et only
luminosities up to L = 6 x 1032 ao000--
- Performance scales with sooooi—
number of interactions n, 20000
— extrapolate to larger L 10000

P IRTTRRIN RRRTRN I MR
0 2 4 6 8 10 12 14 16 18 20
L (*10432 cmA-2 s7-1)

e Preliminary results

- Selection efficiency flattens
above L = 1033 =

- L1 trigger efficiency ~ 75%
- L1 min. bias rate is
1 MHz at L = 6 x 1032 15
saturates bandwidth
- L1 min. bias rate rises
strongly with n.

T
0
Q
o
o
3
=
+1]
—*
[1]

L1 output

o AT P L N Iy
0% 2 4 8 8 10 12 14 16 18 20
L (*10*32 em"-2 s*-1)
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LHCb Upgrade Trigger Studies || THCD

e Method

Combine LO with detached vertex trigger
At L =6 x103%

e Preliminary results

Min. bias efficiency does not depend
strongly on n,.

LO - hadron E; > 3 GeV

LO - hadron rate:  r=5 MHz
B.—>DK* efficiency ¢ = 76%

Add track with largest pr > 2 GeV
r=3.4 MHz g=75%

Add impact parameter |IP| > 50 um
r=0.8 MHz €= 66%

Better efficiency than LO trigger
at L = 2 x 1032 (baseline)
r=0.7 MHz g=39%

Yield B.—»D7K* is 5 times baseline
Yield scales linearly with luminosity

XN I Oxford, 29 Sept 2006 F. Muheim
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LHCD

Conclusions

e Standard Model is very successful
- Require precision measurements to probe/establish flavour structure of New
Physics
e Many LHCb results will be statistically limited
- LHCb plans to run initially for five years at £ ~ 2 .. 5 x1032 cm-2s-t
- 6 -10 fb!l data set will not reach full potential of B physics at hadron colliders

o LHCb Upgrade Plans
Replace VELO with radiation hard vertex detector

- Add first level detached vertex trigger to LHCb experiment
to trigger efficiently on hadronic modes at high luminosities

- Readout of all LHCb detectors at 40 MHz
- Requires new front-end electronics, silicon sensors,. RICH photo detectors
Run five years at £ ~ 2 x1033 cm-2s! and collect 100 fb-! data sample

o LHCb Physics reach with 100 fb-!
Perform ~10c measurement of SM weak B, mixing phase ¢, = -0.035 in B, >J/y¢

- Probe or establish New Physics by measuring ¢, in hadronic penguin decay B.— ¢¢
with a precision of o(AS(¢d)) = 0.040

- Measure CKM angle y to a precision of o(y) ~ 1°

- Probe New Physics in rare B meson decays
Measure Wilson coefficient C,/C, to 4% in electroweak decay B—K*u*u-

- Measure B,—pp
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Backup Slides
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B! > n'n” and B > K'K B andy

B! > J/P®,J/¥n"

B; -» DK* }
B - DK™ J 7
B production,
B, , b-baryon physics

Charm decays
Tau Lepton flavour violation

Rare decays - very sensitive to NP

- Radiative penguin  eg.By > K*y, B, > &y
- Electroweak penguin e.g. By — K*Optp-
- Gluonic penguin e.g. B, > &2, B, > 2K,

- Rare box diagram e.qg. B~ puu-

XN I Oxford, 29 Sept 2006

F. Muheim
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P : LHCDh
Radiation Environment THCH
« LHCb VELO » Maximum Fluence
will be HOT! * NIEL 1 MeV n,/cm?/year
—  Strongly non-uniform
gi . T « dependence on 1/r? and station (z)
3 10 14 Mid_dle P f at radiue = 0.8cm
€ [plstation ol Lumi Radius | Fluence/ 107 s
S 08 ¢ 2x10%2 [8mm |1.3x 104
B 06
— ' “1 04:....|....|....|....|....| ZX 1032 5mm 33X 1014
Vg 5 10 15 20 25§
el B Tk station 1x 1033 |8 mm |6.6x 10
- 1x 1033 5 mm 1.7x 1015
- | | VESPA needs > 10" n, /cm?

2 a4 charged particle tolerance

radius [cm]

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 30



Move Closer to Beam

e Existing VELO Design
- safe guard ring 1 mm

e Edgeless technology exits
- Dope edges
- etch, laser cut

e LHC Accelerator

X{mm)

0 5 10 %5 20 %5 0 % 0

- Limit 5 mm Sensor Design

(=]
o

Impact Parameter

=~
o

[=2]
o

[2]
o

oy
o

[
o

[
o

———— 5mm VELO

-
(=]

i

0.5 1 1.5 2
Log(1/Transverse Momentum) log(1/GeV)

Resolution (microns)

with 5mm active radius

8mm VELO — S

Simulation

*RF foil removed
*VVELO Inner radius 5 mm
*36% improvement !
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LHCD

R&D for LHCb Upgrade - Vertex Trigger

e For Vertex trigger, full information must be transported to counting house
where FPGA based trigger processing will be located.
- Assuming no local trigger pre-processing in front-end chips.
- f\ssuming no local zero-suppression to keep full synchronous system with short
atency.
e For 40MHz readout the option of applying the rate scaler/trigger in DAQ
interface also requires full information to be transported to counting house

DAQ interface

Strip or pixel
Data Zero bl
ormatting| | suppression ® <« 0 4‘
_ *Same detector
FPGA based vertex trigger Same front-end
= *Same optical links
5%
=[] Dl
S
Bes 006 = ail F. Muheim
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