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Experimental prospects ...
and some motivations
. for B physics ...
will also briefly mention charm and tau

. and discrete symmetries ...
main focus on CP (a)symmetry & global symmetries
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Reminder — Current Statu
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« CKM mechanism confirmed

« All measurements of quark mixing & CP violation
consistent with CKM paradigm

e Several possible hints for effects of physics beyond the
SM (A, B, K*I'I, B~ 1)

e Large contributions from new physics not excluded
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CP violation scorecard

4

Not applicable

v e e L

Observation with >5¢ required for v

e Despite the huge progress made by the B factories, much
remains to be experimentally tested

 Enormous discovery potential for next generation experiments

v
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CP violation scorecard

CPvinmixing v XXX

Not applicable

[CPVindecay | v EEREE 9+ o« o« x [N

Observation with >5¢ required for v

" sizeable effects expected in the Standard Model

B sensitive “null tests” of new physics effects
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The Large Hadron Collider
and Its experiments
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The LHC
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LHC Performance 2010
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LHCDb first physics

“Prompt charm production in pp “Measurement of the J/{ production
collisions at Vs = 7 TeV” cross-section at Vs = 7 TeV in LHCb”
LHCb-CONF-2010-013 LHCb-CONF-2010-010
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LHCDb first physics

Hot news! First observation of B_—D_*Xpv
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::: 25 N(D, tzssen- 244 +55

= (I, <23 Mev N(D, us?a}*}- 223:78

=] . M| uﬂ:zsnﬁ = 2561 = 11 MeV

T 2 q (D (2573)")= 26.2 « 9.4 MeV

—~ L 52

= sE { *+ DK LHCb 1
- e WS Kaon: D’K- Preliminary 20 pb

i / 3 \s=7TeV Data - : .
- 160 N(D_(253)") = 155 = 15

D5|(2536} = D*(E{JG?}” K| F 140F NID_(2573)°) = 82= 16

my(D_{(2573)°) = 25696 = 1.5 MeV

missed m? or ¥ 120F I(D_(2573]") = 14.0 = 4.0 MeV

_-ﬂ'l_

100

Events/ ( 10 MeV )

_._..---"'"""E o : Mene= 20e5MeV| | HCh
D.,(2573) — DOK* 2%0 btk — s 80} Preliminary
0 2400 EEM Zﬁm Z?M mn P \S= 7 TeV Data
M(D°K)-M(D°)+m(D°), . (MeV) o

DO observed B,—D,,(2536)*uv, D,;(2536)*=D*+ K® [PRL 102 051801] /;

Nobody has seen B,—D,,(2536)*H4v before. We used more data to confirm it. B0 za0 00 2e00 2700 2800
. 2 M(D°K)-M(D°}+m(D"),_ . (MeV)

i X

Tim Gershon LHCb

Discrete symmetries at
LHC"& beyond M




ATLAS & CMS
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ATLAS & CMS first physics

“A first measurement of the differential cross
section for the J/{ - u"u” resonance and the
non-prompt to prompt J/P cross section ratio
with pp collisions at Vs = 7 TeV in ATLAS”
ATLAS-CONF-2010-062
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“Prompt and non-prompt J/Y production
in pp collisions at Vs = 7 TeV”
CMS-BPH-10-002, arXiv:1011.4193
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CP violation effects
expected In the Standard Model
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Measurement of y from B* - DK*

v
Not applicable
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Interference between tree amplitudes gives CP violation
effects that depend on their weak phase difference (y)
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LHCD yields in B* - D1t & B* - DK*
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5600

5600

mg (MeV/c?) mg (MeVic?)

LHCb yield with ~34/pb : 1035 + 54
c.f. CDF with 1/fb : 780 + 36

1 I I
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Prospects for direct CP violation
measurement in charged B decays

. Expect to observe >50 effect in B - D_ K" with 1/fb

» Excellent prospects also in B* - DSUIOKi (ADS analysis)

+ + . B _ .
and B* - DDaIitzK Signals for (K rt*rr)m* and (K K'K7)t* in ~34/pb
% AR
= LHCb 3
& 25 Preliminary -
g Vs=7TeVData 7
2 20 .
g N T o
Ii 15 ignal = /0-4 = 9.
10}
St
5200 5200 5600 o0 5400 5600
B* mass (MeV) B* mass (MeV)

e Several other possibllities for the first observation: for
example B* = p°’K* (in B* - t't"K* Dalitz plot analysis)
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Measurement of y from B_- D K

v

- - - S

v v o« . x I

« Amplitudes with weak phase difference y

v | _ _ L
f{ i' K* « Different final states, interfere via mixing
S . Sensitivity to y—23_
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Prospects for y measurement from
B DK
S S
- Large signals for B - D 1t (used for Am_measurement)

B -Dm D -om B -Dm D -K*K B - D_m; D_— KK (other)
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» B — DK final state under study

* Expect world's first time-dependent analysis in 2011

Tim Gershon
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\

Combined sensitivity to y from
B - DK

Estimated sensitivity described in LHCb roadmap
document arxiv:0912.4179

« Nominal conditions (14 TeV, . = 2 10*/cm’/s)

Table 11: Expected combined semsitivity to 4 from # — DR and time-dependent mea-
surements for data sets corresponding to integrated luminesitios of 0.5 and 2 fb™'. The
table is taken from Ref. [4]. In these studies the Leveld) and Level-1, a precursor to HLT.
trigeers were included. The HET?2 trigeer was not included.

dge (°) 0 45 W 135 18D

. for 0.5 fh™' (*y &1 1.1 %3 95 7.8

e, for 2 fbh! (=) 41 51 4% 51 39

« At 7 TeV, a(bb) is lower by a factor of about 2
Estimated sensitivity of ~7° with 2011 data

Tim Gershon
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http://arxiv.org/abs/0912.4179

Measurement of y from B_— K'K”

v

Not applicable

v I v -« « IS

RRRRRRRRRRR

* Relative weak phase between two leading
amplitudes is y

* If tree amplitude dominates, mixing-
induced CP violation is sensitive to 2y-2[3_

e But additional amplitudes also contribute
» U-spin relation to B_— 1"t provides input

to constrain hadronic uncertainties ‘}< b g S
u
| ] 62 A
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Prospects for y measurement from B - KK~

+1/— o —
B -K'K B 1T
S d
~160 = 2 N
L F | u, = 5.3612=0.0020 GeV/c K u_ = 5.2762 = 0.0010 GeV/c?
2140kF = > ¥a 5
g 140~ LHCb A o= 0.02300 - 0.00090 GeV/c* g1 LuGh o= 0.02300 + 0.00090 GeV/c*
w [ Preliminary _ - Preliminary
W L Vi = 2584 20 & 120 v = 229:23
gﬂﬂr s =7 TeV Data g Vs =7 TeV Data -
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f= - [
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& 80[ o 80
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20
k. J 1 11 L - —— l Ll L 11 1 'l ' 1 I’ 'l L I L L 1 L L I i 1 L I L L
O5 5.1 5.2 5.3 5.4 55 5.6 5.7 5.8 % 5.1 5.2 5.3 54 55 5.6

5.7 5.8

Invariant mass (GeV/c?) Invariant mass (GeV/c?)

« LHCb yields in ~35/pb: 254+20 B_- K'K™ & 229423 B - U'TT"
. C.f. CDF In 1/fb: 130764 BS_> K'K™ & 1121463 Bd—>1T+T[_

« Expect first time-dependent measurements in 2011
- (Including measurement of B_lifetime in CP-even K'K™ final state)
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Search for direct CP violation in Bd/s_’ KT

ox X X
- Not applicable
o o+« « 1IN

Compilation of C'P Asymmetries for BY modes

4

In PDG2010  New since PDG2010 (preliminary)  New since PDG2010 (published)

| RPP#& Mol P00 Aui. BABAR Heelle CLED CDF MNow Av E I

I 210 Kts 0008 + 0.013 L107 + 0.016% 2000 (.604 £ 0018 £ 0,008 004 + 016 + 0.02 (.08 + 0.02% + 0,069 o.opa* -2 I

Compilation of C'P Asymmetries for By modes

RPP# Mode PDG2010 Avg. BABAR Belle CLEO CDF New Avg,.
22 KK New 039+0.15+0.08 0.39+0.17
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Prospects for direct CP violationin B - K™
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 Raw asymmetries clearly visible in existing data
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- LHCb
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- Ns=7Tevoaa __ |

5.5 .-- 5.7 l 53
Invariant mass (GeV/c?)
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53

» Central values consistent with expectations & previous measurements
« Calibration and evaluation of systematic uncertainties in progress

Tim Gershon
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Search for CP violation in A decay

v

Not applicable
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Search for CP violation in A decay

v

- - - T

4

b p b p
- 1 —_— 1
'35.: 25 i, = 56183 = 0.0054 GeVic® % 2sF u, = 5.6183 - 0.0054 Gevic?
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Excellent prospects for A _, observation with < 1/fb
Charmed A _decays also under investigation
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CP violation effects
not expected in the Standard Model
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Measurement of 23_from B_- J/y@

v

Toevimag e
Cevnsmy o Lwed o x x o« e

- Similar “golden mode” to B - J/YK_ except ...

4

4

 vector-vector final state — requires angular analysis to separate CP-
even and CP-odd components

- width difference Al'_cannot be neglected
- CP violating phase of B_oscillations is small in the Standard Model

« Exciting hints of non-standard effects in CDF and DO results

im Gershon. 28
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Prospects for B_— J/Q@

B -J/yo

™ S —
2 300'_ t>0.3 ps
> [ LHCb + ’
= 250 Preliminary Ngigna = 877  31.59
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5200
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| Flavour Oscillation signal region |

Asymmetry in ta

Osclillations seen in
B - D*pvX with 1.9/pb
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Search for CP violation in B oscillations

e Semileptonic decays ideal to probe CP
violation in mixing

* Inclusive like-sign dileptons -
combination of effects from B ; and BS

 Alternative approach: study difference of
effectsin B, - D'uvX and B - DS+va

- use both D* and D " decays to KKt so that
most systematics cancel

W\ S <

beyond -

-0.01

'0‘02: » Standard Mre .el

- — B Factorv W.A.
 EDGB. oD, X

oo b ol b v b oo
-0.04-0.03-0.02-0.01 0 0.01

-0.03

d
asl

30



Search for CP violation in charm

v

Not applicable

- CPVindecay v« x « I

HFAG world average Including results from BABAR, Belle, CDF, CLEO(c), FOCUS

4

= I CPV allowed =
T N G B
1 - H «
0.5 i
Hic
0.5~ 26
d3c
4a H H H :
_ Ly | L | M50 1 IS P N O N A
-1 -0.5 0 0.5 1 1.5 2 02 04 06 08 1 12 14 16 18
x (%) la/pl

Gershon
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Prospects for charm CP violation

D* . Dmt*; D - KTt D* . Dmt*; D - KK

Events / (6 MeVic?)

. . . - L L L L
[[[[[ 2} 1800 1850 1900 1950 2000
m(K'K'n*) (MeV/c?)

0.145 o o 0.145 04 0
M(D"n)-M(D") M(D’n)-M(D")

Copious samples of charm already available
 e.g. 10° D* - D1t*; D - KK events in 34/pb
e c.f. Belle: ~3x10° in 384/fb
Challenge is to control systematics to necessary level
* work in progress — expect world's best results in 2011
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Tests of CPT symmetry at the LHC

 The LHC B physics programme includes detailed
studies of B, B_and D’ oscillations

 Main focus is on CP violation, but analyses can be
extended to search for CPT violation

- very few measurements exist in B_and D’ systems

* no detailed sensitivity studies have been performed

» Can also test equivalence of particle-antiparticle mass
and lifetimes for charged hadrons

Tim Gershon 33
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Global symmetries & rare decays

Tim Gershon
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Global symmetries & rare decays

* Rare decays offer an excellent opportunity to
test the accidental global symmetries of the
Standard Model

* For example, lepton universality is affected by
models with extended Higgs sectors

« Golden modes: BS_> Uy, B K*u'ur

Tim Gershon
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Prospects for B - TN

LHCb o l \ DO (6.1 fb?) 1
Prelimina Q ;] . -
ﬁ=7TeVIL:?~215 o SRR CDF prelim. (3.7 fb)
x DO (11 fb?) ! |
"i 8 . N o OO S s S s S v OO s SO s S i
[ 1 = ©35+35T oy,
o VN e e e T T T e T i
Q
N— LH
& | tHop ng 2 pectation |
@ XC/USIOn
’ . ez, SM prediction gRRessmrm R ams
R
{]_14 []_IS 0,]6 0'|.? [}IB 019 1 0.0 0.1 02 0.3 0.4 05 0.6 07 0.8 0.4 il (o]
Geometrical Likelihood L (")

 Signal characterised by invariant mass and geometrical likelihood
e Background levels as expected in early data
« Expect stiff competition from ATLAS and CMS

- sensitivity depends on ", n range, trigger, mass resolution, etc.

e 2011 data will allow to push limits down towards SM level

Tim Gershon
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Prospects for B - K*u'y-

Discrete symmetries at
LHC*& beyond

LHCb
Preliminary A
\/s = 7 TeV Data
L~17 pb™”

0
B, - J/YK* :
control sample -

5400 5600
B, Invariant Mass (MeV / ¢?)

— — — 180  —~ 250 .
© 50001 LHCb _-|.150 = [
- Preliminary - gl -
° 7 ToVDats ~ 200
24000-_ . f—-;;b\'{'n ta 140 ‘g -
2 [T~y SRR B L R |
@ >0 ] ] K
© L 80 -
L - 100
?_.2000— - - — 60 00:
= [
S 40
1] L
E1000_ 20
-i | L | L 1 L | 0
s 5200 5400 5600 5200
B’ Invariant Mass / (10 MeV / ¢?)
« Signal region blinded, but background levels low as expected
» Expect world's best measurement of B - K*u"u™ in 2011
- Initial objective is to measure A__ in bins of g°
« Large data sample will enable analyses of additional kinematic variables
and heighten new physics sensitivity
Tim_Gershon
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Prospects for B_- @y

* Time-dependent asymmetries in b - sy transitions act
as a photon polarimeter

probe the V-A structure of the weak interaction
B factories have studied several B channels

but B_— ¢y Is the golden mode for this measurement
b—sYScp HEAC

PRELIMINARY

T odas " + — H
E%%%‘raézoos)om KT 0033'029'003 B — K*y - (K Tt )y IN 26/pb
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Average : ¢ -016+0.22 —_ =
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R ERI[I) 74(2006)111 07 ofox031=007 = - 1 2
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% upgrade

« Main limitation of existing LHCDb detector is the level O (hardware)
trigger

« Need flexible (software) trigger to benefit from -2 above 10°*/cm?®/s

* higher £ necessitates electronics and detector upgrades

« Enable full physics programme of LHCb as a general purpose
detector in the forward region

« unigue discovery potential (not only flavour physics)

« If NP is discovered in initial phase of LHC operation: characterisation
of the Lagrangian

 else: ultra-precise searches for (e.g.) non-standard CP violation

Tim Gershon 40
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Next generation B factories

 LHCDb has great potential in many — but not all — sectors

* Two important examples only accessible in e*e™ collisions
* B"-1v, pv, ev & rare T decays (except T 3u)

* TWO next generation experiments proposed

* Belle2 — upgrade of Belle, approved in Japan, commissioning
starts 2014

e SuperB — new lItaly-based project, reusing BaBar/PEP-II
hardware, awaiting approval

* The two designs share much in common
* One difference: potential for beam polarisation in SuperB

Tim Gershon 'C s“I]ErB 41
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KEKB upgrade plans

Super

Strategies for increasing luminosity O KEKB

Machine design parameters

Super
KEKB

west for BSM

Beam-heam parameter arameters KEKB SuperKEKB units
Lorentz Beam current / P LER HER LER HER
factor
\ - \ i Beam energy = 3.5 8 4 7 GeV
. (}':, LE\R Lumi. reduction factor ;
o ]’.__[1 0 _]( _‘s__ ] e iceeinganplo Half crossing angle P 11 41.5 mrad
2er.\ 0.\ B, AR J> Tune shift reduction factor Horizontal emittance | €. 18 24 3.2 50 || nm
(hour glass effect)
Classical eieclé 0.8 -1 Emittance ratio K 0.88 0.66 0.27 0.25 %
radius \ Y Betafunctions at IP | Bx /By’ 1200/5.9 | 32/0.27 | 25/0.31
i : } : mm
Beam size ratio@IP Vertical beta function@IP LAcHons Y
1 - 2 % (flat beam) Beam currents Ib 1.64 1.19 3.60 2.60 A
(;) fma"er Bie nts‘? “Nano_Beam" schEme beam-beam parameter Cy 0.129 0.090 0.0886 | 0.0830
(2) Increase beam curre Luminosity L 2.1x10% 8 x 10% m2g1

(3) Increase &,

Collision with very small spot-size beams

- Large crossing angle

* Small beam size & high current to increase luminosity

» Change beam energies to solve the problem of LER short lifetime

Invented by Pantaleo Raimondi for SuperB

Tim Gershon
Discrete symmetries at
LHC*& beyond
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il o ML

. KEKB to SuperKEKB ()i

Mew superconducting
fpermanent final focusing

quads near the IP

.

Replace short dipoles
with longer cnes (LER)

Add / modify RF systems
for higher beam current

HAHHA T o
' : positrons to inject

Redesign the |attices of HER & Cameing ring ,— - T

LER to squeeze the emittance ‘

Mew positron target f
capture section

TiMN-coated beam pipe Lows emittance gun
with antechambers Lo emiltance
[HEG Fumel electrons to inject
| 9 To get x40 higher luminosity

[Bisass Civasral]

WA K
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T physics at e'e” Super B factories

; Upper limits
« Search for lepton flavour violation |, Q}flm g
(complementary to p - ey at MEG, etc.) | <=;_.i\°f
« Search for CP violation: . o | 2 (@ B
prominent channels: T K'tv, T~ Ky N s W ‘i,w
 Tests of CPT symmetry e gl

Super B factories

m Gershon ' A4
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» EXciting

Summary

times for CP violation studies at the LHC

 LHCDb has excellent potential for major discoveries in
many sectors of flavour physics

* If large non-standard effects are present, 2011 will be a
spectacular year!

* Expect competition from ATLAS & CMS in modes with

muons,

e (also

particularly B - Uy

potential for CP violation studies in the top sector)

e Planned

future experiments will ensure progress in

understanding flavour physics and discrete
symmetries throughout the LHC era

""" Tim Gershon
\ Discrete symmetries at

LHC*& beyond
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