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- LHCDb 1n a nutshell;
- 2011 data taking;
- 2012 and beyond.

LNF contribution to LHCb
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LHCb at LHC

Detector Acc tl"hllh ¢

LHCb detector covers the forward region at the LHC in a

) .. UAT
unique rapidity range: 2<n<S5. cor — '
00— e
. ALCE —— —
LHCb exploits the strongly forward peaked heavy quark TS —
production: covering only 4% of solid angle the acceptance = cw r—
for b-quark production cross section is ~40%.

Large cross sections (at 7 TeV):
o(bb) = 284+53 ub; now ~10'! b decays on tape
o(cc) = 6100+£930 ub; now ~10'2 D decays on tape.

Trigger:
LO (hardware): ~1 MHz from high p, u, e, v, h candidates.
High Level Trigger (HLT1+HLT?2, software): ~3 kHz

global event reconstruction plus selections

Luminosity | 00 )
No bias and random | 300 |
Other physics lines | 350 . 0
Inclusive phi  L.200 i PhYSICS. g
Charm | 650 3 kHz &
Muons
Displced hadront  MMBO0S ...
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LLHCb detector

Calorimeters
Muon

RICH-2 Detector

Tracker

Magnet T1,T2,T3

Tracker TT
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Data taking 1n 2011

-1.1 fb-l acquired mn 2011 X LHCb Peak Instantaneous Lumi at 3.5 TeV in 2011
- 91% data taking efficiency, including data
quality;

- Well beyond design parameters: peak
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LHCDb physics program

Widg physics program: | % 1600F S i |
- Onia, heavy flavour production and spectroscopy: 2 1400f\s=7TeV | ol :
b-hadron masses, X(3872), pp—p+X+p,... % 1200 - Wﬂ( ﬂ&%ﬁ a#{ﬁ#
- B—Dh: towards y CKM angle, ... g 1000 mﬁﬁgﬂ! } ” t
- (¢ related: time dependent Bg studies,... 800 - e
- Rare B decays: Bg ;—uu, B—hup,... 600 A
- Charmless B decays: CPV,... 400 }
- Charm physics: CPV first evidence,... 200
- Beyond heavy flavour: W and Z, inclusive jet and 0 — ol —
.. . 3800 3700 3800 3900
dyet, Kg, A, ¢ production M(JAy = ) [MeVi/c?]
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LLNF contribution to LHCb

LNF, a “muon oriented” role: from the
construction of the detector to the heart
of the LHCD flavour physics program.

Muon system:

- operation and hw maintenance

- offline efficiency

Muon Identification:

- acceptance and efficiency

- mis-identification rate

Data analysis (direct involvement):
- JAp production cross section;

- (three times!) Bg ;—uu:

37 pb! (published Mar 2011),

370 pb-!(published Dec 2011), LNF specific tasks:

1 tb'! (2012 winter conferences); - Muon Piquet Shifts;

- other rare decays (e.g. T—3) in the - Muon Detector Operation Coordinator;
near future. - Bquu WG convener;

LHCDb upgrade: Muon System (again!) - Spokesperson.

and some “not muon” R&D
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% LHCb Muon System

5 tracking stations (M1
upstream from calorimeter)

- subdivided in 4 regions
with different granularities

- equipped with MWPC
apart GEM in M1R1

~26000 logical channels

MuonlID:

- extrapolate tracks

- find hits in a Fol (Field of Interest)

- muon candidate requires hits in different stations depending on the momentum
- from associated hits, calculate “muon probability”.
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Muon System offline efficiency monitor
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Chamber efficiency per Station |
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New version ready for 2012 run:

- also M1;

- use of a trigger unbiased sample;
- efficiency monitor also per charge.

- test with 44 pb! MagUp, 100 pb-! MagDw

Implementation of the Offline Muon
System monitor (M2-MS stations).
(JAp— w'w from B with p,>15 GeV/c)

regions efficiency

1.010

1.005 é— [ [ I [ —é
1000 £~ m ° [ ] e s o T ® —
N R M A R S RN N
- ¢ Al i 3
0.990 é— A A A ¥ _é
0985 - . . . —
0980 - : = [+ Magnet Up =
0s75 - . e (- MagnetDown |3
0-970 o_ é a; ’ el‘> s; . 1|0 1|2 : 1I4 1I6 :1;3 2|o 2I2 -
& & . Regions

regions efficiency

1.010

1.005

1.000 [ 'i : -
. i.;,;%.l@iénli: "hl'
Ml @ M2 M3:% M4! M5
- u M-Magnet.Up

e u+ Magnet Down

@+l

0.995

0.990

@

0.985

0.980

0.975

0.970 I I I I Ll I I I
' 2 4 =6 8 = 10 12 14 16 18 20

z
a RN
o
=]
(7]

19 January 2012

43rd LNF Scientific Committtee - B.Sciascia for LHCb LNF group

O



% Muon Identification: 1D results

Two steps needed to “have a w” in the event: & 1.05—————

- pass through the MS: geom. acceptance; L I * Si72b i

- produce a signal in the MS: efficiency. : 1E * S173b _'

g i s MC2b .

. . . : o - 4+ MC3b -

Two suitable calibration lines: < T : ]

B—J/pX (2b) and B*—JAPK* (3b). 0.95 11, .

Tag-and-probe + fit and bkg subtraction. - e : f 3 ]

Muon 09-_ i ® i _-

Waom vt mwame SY'STEM L . ) i -

Tracking B s ¢ T

system : L4 :

el o850 b

J/y—uu I 1
0_8'...|...|...|...|...'><103

0 20 40 60 80 100

Momentum (MeV/c)

1D results (acceptance, efficiency, and both) as a function of p or p;

- complete systematic studies;

Universal curves, already used in many analyses: B¢—uu (370 pb!), Aq;, Bi—K*uu,...
- detailed LHCb note available to the collaboration.
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% Muon Identification: 2D results

60 x10°

2D results as a function of (p,py) or (p,n); e jl 1.05
- trigger unbias and sample related systematic study.=
g 50 0.854692  0.948228 0.977416 - —1.00
2 ]
w —
Acceptance/efficiency determined also per § 1 1 o.05
. . = 4 -1 0.
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. (19 : 29 : |~ 0.847036 0.988232 0.988303 0.987478 N
precise “asymmetries’ studies) L |
L 1 -0.90
30 — o
DW Up : 0.887652 0.992567 0.991836 0.969947 :
: 4 —0.85
20 —

—_—
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0
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- 2D corrections already applied in on
going analyses: B¢—uu (1 fb!),
B—K*uu, D—huy, ...

- measure from data, same side (different
charge u behave in the same way in the same
side) and same charge (same charge u behave

in the same way in opposite side) differences. _ New LHCb note in preparation
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Muon mislID rate

Relevant issue to control background in rare decays with muons (e.g. B—hh for B,—uun).

Measure from data the probability of “muon mis-identification” as a function of (p,py):
- t—w or K—p from D*->D,(Km)r decays
- p—u from A—>pm decays.

T 12— —+— 800 < PT <1700 (MeV) 9 7: —4— 800 < PT <1700 (MeV)
> ;%_ —4— 1700 < PT < 3000 (MeV) E. H 4 1700 < PT < 3000 (MeV)
€ I —4— 3000 < PT < 5000 (MeV) e 6 —4— 3000 < PT <5000 (MeV)
g 101 5000 < PT < 10000 (MeV) S [ 5000 < PT < 10000 (MeV)
5 > % 5[ K—>n
o g e
e L 2 F
= s = 4
61 :
4 - +
- 2~
- F | |
2+ 1= | ‘*’H;gj— 1 i
- 1 - —
G § 1 & f%:; 1 1 ] 1 1 1 % 1 1 1 I 1 1 1 I c : 1 i L l A 4 I l 1 I 1 j L 1 l 1 ' 1 L 1 1 l 1 'l L l
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(from 900 pb! of 2011 data; TIS trigger unbias of the n/K track)
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% Search for NP in Bg juu decays

B 45—t 1s the best way for LHCb to constrain the parameters of the extended
Higgs sector in MSSM, fully complementary to direct searches

Main SM diagrams b MSSM

B, /d/ o /?/ -
6 VA s A S

; ; : Ho/A®
6.1 + %
" v
‘%

’ m
N|Vts 2’ CA

]

~ tan®B

tanf3

Double suppressed decay: FCNC
process and helicity suppressed: very 4°‘ A
small in SM but very well predicted: <~ I_——

Bg—up = (3.2+0.2)x 1079, [Buras et al [ / NUHM1 contours
B,—pp = (0.10£0.01)x10.  arXiv:1007.5291] n- /. >

Superiso Relic v3.0

S0~ p 2 g"ﬂ
L BR < 7x10°
[

x

30—

Sensitive probe to NP contributions: L

e.g. in MSSM, BR enhanced by tan®p. ot

J 1 1 L | 1 L 1 l 1 L 1 | L 1 L ‘ 1 L
200 400 600 800 1000
M,, [GeVic?]
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% B.uu: analysis strategy

Selection:
- u-based trigger + selection to reduce the size of data set
- similar for control/normalization channels

Signal and background discrimination relies on:
- very good mass resolution: op/p~0.35% => dm/m~0.55% for p=5-100 GeV/c
- muon PID: g(u—=>pn) ~98%, e(h—>u)<1%, for p>10 GeV
- excellent vertex and IP resolution o(IP) ~25 um, p;=2 GeV/c

Discriminating signal and background using two variables:
- Invariant mass of p"pu: parameterization from data.
- Output of a Boosted Decision Tree, BDT

(from TMVA, use kinematical and topological variables).

Normalization:
- use known B decay channels (B*—J/yK", Bc—J/y@, and B;,—Kmr) to derive BR:

REC SEI
Chorm tnore noem ’ o ~Jorm
B = Buoem X REC SELIREC TRIG|SEI x fats N N Xp) —uty
Ciig  Caig €io d(s) 4¥norm
. v i

JREC TRIGISEL » ‘\'
m Cnorm J VB

x ‘\H T T

- LHCb fy/f, = 0.267+0921 | . Phys. Rev.Lett. 107, 211801 (2011), arXiv:1111.2357v1.
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Output of

- built on 9 kinematical and topological variables;
- trained on MC (~0 for bkg, 0-1 flat for sig);

BDT output shapes from data, by M, fit in four

BDT bins:

BDT:

- signal, B’ ) —h*h” events

- combinatorial background, B mass sideband

-
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Bquu: mnvariant mass

Signal invariant mass shape:

Average value measured on data using B*— J/yK"

and By— J/yo¢ candidates

Resolution from data by linear interpolation

Events / ( 20 MeV/c?)

between the measured resolutions of charmonium and
bottomoniu di-muon resonance
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B.uu: selected events

Distribution of selected di-muon events in the
invariant mass-BDT plane (370 pb!);

search window.

Projection in the

or in the B, invariant mass
search window (mg=60MeV/c? divided into 6
bins) for the four BDT output bins.

and B,

BDT
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Bquu: result (370 pb!)

BDT 0+0.25 0.25-0.50 | 0.50-0.75 | 0.75+1.0
expected 3325439 40.8+3.8 6.842.3 | 0.63+0.50
combinatorial
expected SM 14 56,003 0.72+0.12 | 0.90+0.11 | 0.89+0.13
signal
observed 3182 46 5 3

Combinatorial background
Peaking background (~0.24/bin)
SM signal expectation

LHCb Event Display

Decay length 11.5 mm Bymm candidate? 0.75<BDT<1
m,, = 5.357 GeV/c? LHCb

X 9y »

14.6. 2011 18:57:08 2 : , . i B0 2400
Run 93593 Event 1179897868 bld 1140 mW(MeWcz)

3
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% Buu: result (370 pb!)

Translate number of observed events into BR measurement by normalization channels.

Extract observation/exclusion measurement using modified frequentist CLg method [A. Read,
J. Phys. G 28 (2002) 2693] in 6x4 bins of m(u*uw”) and BDT output:

Expected distribution of CL¢ (dashed black) under the hypothesis to observe a combination
of background and signal (Bg) or background only (B,) events according to the SM rate. The
green area covers the 1o of compatible observations.

Observed distributions of CL¢ (=CL_,,/CL,) as a function of the assumed BR (dotted blue).

O es LHCh

Ooe LHCb
- 0.8
c 0.7
Bguu: 0.0 Bguu:

!

Expected ~10 0.5 Expected ~10

Observed :': Observed

r 0.2

-------------- : R ]
0 02 04 66 08 1 12 14 [182 1 2 ®a 01 02 03 04 , 05 06
B(B, — u* u) [107) B(8] = u' 1) [107)

The signal hypothesis is excluded at the confidence level 1-a when: CLg < a
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% Bquu: result (370 pb!)

Translate number of observed events into BR measurement by normalization channels.

Extract observation/exclusion measurement using modified frequentist CLg method [A. Read,
J. Phys. G 28 (2002) 2693] in 6x4 bins of m(u*uw”) and BDT output:

BR limits at 95%CL expected (*) observed CLs
-8 -8 20 signal
_ 370pb Beo pu  1.4x10 16x10% 095 20si®
,bj%» 2011 data Baopuw  32x10°  3.6x10°  0.68
®
%’3 expected ) observed  CLp
2 Adding 37pb? |Beo o  13X10% 14x10% 093
of 2010 data

Ba—uu  3.0x10°  32x10°  0.61

(*) hypothesis: bkg+SM for Bg
bkg only for B.
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e 2010-2011 “LNF” production

Papers:
Searches for the rare decays B0s—p+pu— and B0—p+p—

arXiv:1112.1600; Accepted by Phys. Lett. B
Search for the rare decays B0s—u+p— and B0—p+p—
arXiv:1103.2465; Phys. Lett. B 699 (2011) 330-340

Measurement of J/y production in pp collisions at sV ="7TeV
arX1v:1103.0423; Eur. Phys. J. C 71 (2011) 1645

Notes:

Results on Muon identification efficiency with 2011 data at LHCb
LHCb-INT-2011-045; CERN-LHCb-INT-2011-045

Muon Identification performance at LHCb with the 2010 data
LHCb-INT-2011-048; CERN-LHCb-INT-2011-048

A Muon Identification procedure for LHCb with Kalman Filter
LHCb-INT-2010-052; CERN-LHCb-INT-2010-052

Measurement of the J/y production cross-section in LHCb
LHCb-INT-2010-045; CERN-LHCb-INT-2010-045

Calibration Strategy and Efficiency measurement of the Muon Identification procedure at LHCb
LHCb-PUB-2010-002; CERN-LHCb-PUB-2010-002

A 1 mm Scintillating Fiber Tracker Readout by a Multi-anode Photomultiplier

arXiv:1106.5649
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B uuw: near future

WG check list towards 1 tb"! LHCb result

1) Data sample
2) Selection and BDTS €<——LNF
3) BDT operator «——LNF
""""" i 4) New BDT binning
? : 5) MuonlD efficiency «<——LNF

— e 6) MisID probability for B2hh €«——LNF
SM prediciion ' " 7) Trigger efficiency

. 8) Normalization factors €«——LNF

9) Signal Mass calibration €<——LNF
10) Signal BDT calibration €«——LNF
11) Background Mass and BDT calibration
15 12) Expected limit

——— i ————————

)

=

g 0 5 10 Xpec . .

i L/Lysgp (used luminosity: LHCb 0.34 fbl, 13) Likelihood scan/fit for 3sigma observation €«——LNF
— CMS 1.14 fb™!)

2

>§ Required luminosity for a or a 50 discovery

of a given BR(Bguu) for LHCb and CMS combined.
For LHCb: , discovery ~5.1 fb-!.

Once the B(—uu is measured, start to constraining the
B,/Bg ratio (prime interest for MFV scenario)
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e LHCb: 2012 and beyond

Data taking perspectives:

- based on 2011 experience and running at 4x103?cm2s-!, LHCDb can collect >1.5 fb-!/year
2.5fblat7 TeV and 4.5 fb! at 14 TeV (0,,=0.3mb @7 TeV, 0.6mb @14 TeV)

- by the end of 2017, x12 the present (2011) data sample.

- upgrade plan: with 1-2x1033cm2s"! LHCb can collect 4-8 fb-!/year.

Physics Case:  (LHCC feedback, march 2011)

The Committee congratulates LHCD for the excellent work done on the physics case for the upgrade.
It finds the[arguments for flavour physics with 50 b very compelling] This amount of data allows
measurements at the level of the theoretically achievable precision for many quantities sensitive to
new physics. With 5 fb! of collected data, most searches for deviations from the Standard Model
(SM) predictions will be turned into precision measurements of the SM value with the LHCb
upgrade. T'he level of accuracy achievable i1s comparable, 1n case of overlap, with that foreseen at

future SuperB factories with 50 ab-!; this makes the upgraded LHCb experiment a well-matched
competitor and a very important complement.

To profit of the luminosity increase:

- present trigger HW limitation: 1MHz for LO => readout all the sub-detectors at 40 MHz;
- exploit a fully software and flexible HLT trigger;

R&D for some needed/wanted new sub-detectors.
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% LHCb upgrade: Muon System

Upgrade and consolidations activities for the LHCb Muon System

Electronics: define the architecture for 40 MHz readout start testing FPGA; check details
for the feasibility of the proposed scheme

Chambers:

- The long term resistance of the Muon
Chambers has to be yet understood (up to now
non significant ageing, but high currents in some
chamber which are cured by conditioning).

- Rate effects must be verified for inner regions
(in principle no problems below 1033cm2s1).

- M1 will be removed (p; given by track
finding in the farm).

- Chambers and electronics spare pools to be
increased (lack of chamber spares) most
probably using the long shutdown 2013-2014.

- Better shield for backsplashes in M5 (under
study)
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% LHCD upgrade: beyond Muon System

LNF potential interest towards other items, in particular the tracking system.
Tl toT3

Needed/possible replacement of central Outer Tracker
modules exposed to radiation and high hits density.

Different technology options under study for T stations: |

Straws Si strips SciFi

A: “IT light” B: “

- Ongoing LNF R&D activity on thick SciFi [B.D.Leverington et al. arXiv:1106.5649]
- LNF task force to study/define further possible involvements.
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% Conclusions and outlook

LHCDb detector is working very well, and we experienced a very good data taking.
Plenty of physics results, with more and more statistics.

The LNF LHCDb group :

- contributed substantially maintenance and monitoring of the Muon System: muon
chamber efficiency monitoring, offline muon ID validation, calibration and monitoring.

- give active contribution to data taking: run chief, muon piquet and data quality
shifts attended.

- full integrated with LHCb analysis WGs, deeply involved in Rare Decays WG (study
of rare decays with muon in the final states) with a leading role in the LHCb
milestone Bg y—u*u")

- 1s interested (together with other Italian LHCb groups) in a possible LHCb upgrade:
* already committed for Muon System upgrade and maintenance;
* ongoing R&D on specific (and new) sub detectors: open opportunities, to be
explored in the very next future.
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Additional information

.
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2012 LNF LHCb people

F.Archilli 100 .
G.Bencivenni 70 (P:.Elea"rzibrone gg
P.Campana 0 LHCb spokesman! '
P.DeSimone 70 .
G.Lanfranchi 100 M.Anelll. . 50
R.Rosellini 70
F.Murtas 40 M.Santoni 20
M.Palutan 100 A.Sa uti 30
A.Sarti 80 ->ap
B.Scn.asaa 70 SPCM 4 mesi uomo
A.Sciubba 70 SELF 10 mesi uomo
F. Soomro 100 u
FTE 8,0
Economical requests (keuro)
ME 106
M| 16
Consumo 26
Inventariabile 5
Costr.Apparati 85
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% LHCDb detector

Decay time resolution ot: 30-50 fs
Momentum: 2-100 GeV/c > range, op/p = 0.35-0.55 % resolution.
Mass resolution dm = 10-20 MeV

T

Muon ID: g(u—p) jZé %/, mis-ID g(n—p) = 1-3 %

/
/

RICH ID: w/K: &(K-5K) = 95 %, mis-ID g(r—K) ~ 10 %
/ et AL
/ /
. SPD/PS
f'/ / Magnet RICH2 M1 M2

13
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LHCb Trigger

Hardware Level (L0): ~1 MHz from high p u, e, v,
hadron candidates (ECAL, HCAL, Muon System).

Software Level (High Level Trigger, HLT): access all
detector data; farm with ~15000 CPU cores on multi-
processor commodity boxes;

- HLT1: ~30 kHz; confirm L0 candidate with more
complete info, add impact parameter and lifetime cuts.
- HLT2: ~3 kHz; global event reconstruction plus

Level -0

b selections
) — |
(o) B
D T
= HLT Output Rate (Hz)
% Luminosity : 00
_ll Inclusive selections N‘;Z’;Zi azds;Z:z::s - 300
'81 .u.l ‘uftrz}Cki H, b 7nc);usive phi ﬁn- PhySiCS:
— topological, charm, ch 3
L and excl.selection Muaor’;r; T 650 3 kHz
Diplaced hadtome 600
~3 kHz 0O 200 400 600 800 1000
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Luminosity leveling

Fill 2156: Instantaneous Luminosity

w
(=
(=]
o

L~ 3.5x10% cm2s’!
Average pileup ~ 1.5

N
(3]
o
o

N
(=
(=]
o

Tested successfully:
L=4. x10%? cm2s!
it 1s twice the design luminosity.

-
(3]
o
o

-
(=]
o
o

Instantaneous Luminosity (ub™.s")

500

- We proved LHCD can run at L=4.x 1032

oo 1 0 cm2s7!: collect more than 1.5 fb™! per year
16h  18h 20h 22h 00h 02h 04h O6h  08h

of data taking.
Date: 2011-09-25
- Plan: run one year at Vs=7 TeV, then
B FULLY ON: 9048 (%) move up to Vs=14 TeV, for three years,
] HV: 0.58 (%) .
[ ] VELO Safety: 0.97 (%) until 2017.

I DAQ: 4.24 (%)
I DeadTime: 3.74 (%)

et
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- 2017 integrated luminosity: ~6 fb-!
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2011 reprocessing

Running reprocessing jobs, by site
8 Weeks from Week 38 of 2011 to Week 47 of 2011

2011 data reprocessed
completed in 8 weeks

Start October

15,000 |

jobs

10,000

5,000

2011-10-01 2011-10-08 2011-10-15 2011-10-22 2011-10-29 2011-11- 0 7 2011-11-12 2011-11-19
Max: 19,413, Average: 5,030

B LCG.IN2P3.fr 17.1% W LCG.Krakow.pl 29% [0 LCG.USC.es 0.7%
B LCG.GRIDKA.de 15.4% [ LCG.CNAF-T2.it 22% [ LCG.SINPru 0.7%
Bl LCG.CNAF.it 11.7% [ LCG.CERN.ch 2.1% @ LCG.Barcelona.es 0.6%
O LCG.RAL.uk 9.2% M LCG.IN2P3-T2.fr 1.7% [ LCG.Legnaro.it 0.5%
B LCG.NIKHEF.nI 7.5% @ LCG.Pisa.it 17% [ LCG.CPPM.fr 0.5%
B LCG.SARA.nl 6.8% [ LCG.LAPPfr 13% B LCG.GLASGOW.uk 0.4%
@ LCG.PIC.es 53% @ DIRAC.YANDEX.ru 11% @ LCG.LPC.fr 0.4%
B LCG.Manchester.uk 48% W LCG.Liverpool.uk 1.0% [J LCG.JINR.ru 0.3%
B LCG.UKI-LT2-QMUL.uk 29% W LCG.LALfr 0.8% ... plus 6 more

Generated on 2011-11-25 07:46:26 UTC

CERN not used for reprocessing (dedicated to processing incoming data)
Around 25 % of reprocessing jobs ran on Tier 2 sites
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% LHCD versus SuperB

The timeline of flavor physics

Experimental Flavour Landscape: 2011 - 2030

%
e,
ol

% RIS WS
Proposed LHCb Upgrade = [N 55655
I s oo

- I - !

g Near (BESIII, KLOEZ2,|LHCb, MEG)
Far (Belle-II, SuperB)
- I < Farther (LHCb upgrade)

5_ BES 111 s LHC shutdowns:

2013 (~19 months)
2017 (~12 months)

2021 (~24 months)

2025 2030

2016

Dates that matter are when full samples are collected

Marco Ciuchini CSN1 - Firenze - 22 November 2011 Page 5
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LHCDb versus SuperB

What SuperB cannot do*

Golden modes of other flavor experiments

Observable Current value|| Experiment Precision
BR(Bs — pp) (x107?) < 15° LHCb +1
LHCDb upgrade +0.3
28, from B — J/v¢ (rad) 0.13 +0.19° LHCb 0.019
LHCDb upgrade 0.006
S in B, — ¢v LHCb 0.07
LHCDb upgrade 0.02
K* — 77vv (% BR measurement) 7 events NA62 100 events (10%)
K} —» nuo KOTO 3 events (observe)
BR(p — evy) (x1071?) < 280 MEG < 1
Hin <7x 107" ||[COMET/Mu2E <6x10717

19 January 2012

* with competitive performances

Marco Ciuchini

CSNI1 - Firenze - 22 November 2011

43rd LNF Scientific Committtee - B.Sciascia for LHCb LNF group
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LHCb versus SuperB

—
Experiment: [N Moderately precise
Some Golden Modes Mo
Otservable /mode Current.  LHCb (2017) Super® (2022) LHCb upgrade Theory
Luminosity ~1fb! 5fb! 75ab ! 50fbh "
7 Decays
: ' f: - - Benefit from polarised e beam
B“'d Decuys
B — v, pyv very precise with improved detector
B — K'""“’f i Statistically limited: Ang. analysis with >75ab-1
Sin B — Kyn'y Right handed currents
§ (other penguin modes) SuperB measures many more modes
;k PéB _’Y'\*'-‘" systematic error is main challenge
(B = X7) control systematic error with data
BR(B — X,iI) ¥
— KW
BR(B — K™ll) SuperB measures e mode well, LHCb does p
B, Decays
Ba — pp
Bs from B, — Jfib¢
By — v
agp
D Decays
Mixing parameters
CP Violation Clean NP search
Precizion Electroweak
sin® By at 7(4S)
sin? Oy ot Z-Paole b fragmentation limits interpretation at Z pole
Olservable jmode  Current LHCL (2017)  Superd (2022) LHCb upgrade  Theory
Luminosity ~ 17! 5fb? 75ab™? 50fb~? LHCb can only use pr
Effort to identify & =~
B ey Btheory error Bd
By — Jfy ="
golden modes and ;' % Btheory error 8s
4 9§ Need an e+e—
Comp(lf'e W|Th OTth‘ \'f,:_.| ;Dclusi.ve environment to do a
. Vi | exclusive precision measurement
expef'lmenfs Vool inclusive using semi-leptonic B
Veo| exclusive decays.
Marco Ciuchini CSN1 - Firenze - 22 November 2011 Page 28
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% Muon Identification

Definitions:
Two steps needed to “have a w” in the event:
- pass through the Muon System: geometrical acceptance (MuAcc flag);
- produce a signal in the Muon System: efficiency (IsMuon flag, given MuAcc).

Samples:
Data: ~1 fb-! from two suitable calibration lines: B—J/ApX and B*—JApK™ events.
MC: ~300 pb! equivalent.

Methods: Tracking
- Tag-and-probe, fit and bkg subtraction; e
- Systematic error determined for different: o i

¢ determination, background subtraction,
etrigger unbias, parameterization, sample,...

Results:

1D: acceptance and efficiency corrections as a function of the p or p of probe.
2D: acceptance and efficiency corrections as a function of (p,py); for p; same
binning as misID study.

Universal curves: needed to all analysis involving muons
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Muon Identification: techincalities

- two methods to measure £(uID): - 00 L
L™ 1515 1 0,940
S 5]
O) €tot = m‘-muonll) % S 4 B(bkj;
1) Emuonl Ny (IsMuon = 1) il ® -
) Cmuonld = N Muon = 1)+ N, (IsMuon = 0) iy
“ 01 ol
- two S,B determinations: -
0) full signal plus background o ! [:
lineshape (Crystal Ball + linear bkg) T

M{j* 1) MeVic?

1) background subtraction from linear - gl

1.786 . DOST

fit to the mass side band

Four pOSSible combinations; allOW tO 00 050 N0 050 308 3150 30 ”‘S: % 2550 2200 S0 3100 S0 3300 QILGO

. . Miu® ') MeVic® Miu* ) MeV/c®

determine the systematic error due to o Ul ol

: e (?12;9.::.: oo :?‘.: 0700w 087

method and bkg subtraction =11 - T i
- combinations agree within 0.1% a part e -
0.5% difference for 00 combination 3 ™

AR THwETS 3 S % o a0

Miu* ) Mevic? M(a* W) Mevic?

 EEEEEEEEEEEEEEE———————
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Acceptance: 2D (p,py) vs 1D p

x10°
r —~ 60
D C T T T T .
O 1.04F - 3 1.00
% . e S172b ] =
46_ 1.02 :_ A4 S173b _: g 50 0.965293 0.98
8 1E * MC2b E s 0.96
o - A MC3b . S
< 098fF .. = = 40 094
- ghte A . 0.92
0-96 o ; ‘ ‘ ~ .
0.94F S E 30 090
C ] 0.88
0.92|: $ S
C - 20 0.86
-9 2 '
0l9 - -1 0.964772 0.961271
0.88 P I o
. — ¢ ]
: : 10 0.968998 082
0.86 -_ 1 PR N T R T "I R ._'X103 1 | [ Lo b by 0-80
0 20 40 60 80 100 15 20 25 30 35 40 45 50

Transverse momentum (MeV)

Momentum (MeV/c)

Acceptance, measured on data for the 2-body (JpsiFormB) sample
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Efficiency: 2D (p,py) vs 1D p

60 2 1.01
<>->, B L L L %‘ :
S 1.04 e S172b E =3
" i + S173b - = 1.00

50
< 1.02f . MC2b . g
LL - 4 MC3b ] €

1__¥ - 2 0 0.99
- I 1*’ ‘ ] 0.990605 1
[ i —
0.98 * 3 by * ' 20 1 o098
1P TR - .
0.96 |- "Q id i i : ¢ z — 0992567  0.991836 0.989956 ]
0.04 - . 20 1. =1 0.97
- K - 0.99565
! : 0.96
0.92 o 10
0 9 C 1 I L I L 1 1 I 1 L L I L L L -X103 | 1 | - | - 0-95
- 0 20 40 60 80 100 15 20 25 30 35 40 45 50

Transverse momentum (MeV)

Momentum (MeV/c)

Efficiency, measured on data for the 2-body (JpsiFormB) sample
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% Digression on detector (A)symmetries

Dw‘ Upt
AYANYS

Side A Side C Side A Side C

Same side: muons of different charge behave in the same way in the same side
Side A: Up-u™ = Dw-u*
Side C: Up-u* = Dw-u~ << test this combination.

Same charge: muons with same charge behave in the same way in opposite side
u: Dw-u” (Side C) = Up-u™ (Side A)
ut: Up-ut (Side C) = Dw-u* (Side A)

16 December 2011 B.Sciascia - LNF 40
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B.uw upper limit: summer 2011

BR limits at 95%CL

LHCb: 1.6x1078

L~300 pb'!

LHCb-CONF-2011-037

PRD 57 (1998) 3811 (

The past 13 years

A~

—+—~ ©OCDF

D0

QCDF Expected
=  AD0 Expacted

o
CMS: 1 9><10'8 I~1.1 fb-l - 09&5!.03(2004)033001 O —— 31 i
o ' e | A PRL 94 (2005) 071802 | |
Phys. Rev. Lett. 107 (2011) 191802 S . L LI || T
- PRL ©5 (2005) 221805/ | ||| PRD 76 (2007) |
E f o:m 8 693 (2010)
. -8 1 |———CDF Public Note 8176 - -———FL
X (TR — ettt — e —t
LHCb—I_CMS 1.1x10 = i * '?PLL 100 (2008) 101802 & 539‘
LHCb-CONF-2011-047 ‘= T T Tp o T I)CD"' 1 ," CIPF EPS
CMS PAS BPH-11-019 2 I i il
a EHCOEPS T | 1 [
. -8 -1 e = o o= -m—--( ”i- . —x
CDF: 4.0x10 L~7 fb Stand:rd Mode.I-Ex;écta-t.i:n -‘ .
Phys. Rev. Lett. 107 (2011) 191801 0.01
10 100 1000 10000
DO: 5.1x108% 1.~6.1 fb-'! Predicted to be rare in the SM: L (Pb'l)
— -9
Phys. Lett. B693 (2010) 539 BR(B;—uu) = (3.2+0.2) x 10
BR(B,—py) = (0.10£0.01)x10"
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Trigger for Bg juu

]V lne

LO LLO Single- p: p,> 1.4 GeVic
= , ML p=0.56 GeV/e
_’ MHz .. p,>0.48 GeVic

Impact parameter
HLT1 PT HLT1 single-p: p.>0.8 GeV/c
muon ID [P>0.11 mm

ﬁ’ 30kHz == single-u: p.>1.8 GeV/c (no IP)

HLT2 inclusive selections HILT?2 Several lines with M cuts
and/or displaced vertex

exclusive selections

 Half of the bandwidth (~1 kHz) given to the muon lines
e pr cuts on muon lines kept very low => g(trigger B_,—pp) ~ 90%

e Trigger rather stable during the whole period (despite L increased by ~10°)
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Bg uu (370

pb!) result

BDT

BsMM 0.-025 | 025-05 | 05-075 0.75 - 1.
Expected comb. bkg | 575.5707 6.967557 L9708 | 0.1t
5208 - 5318 Expected peak. bkg | 0.126"00% | 01247000 | o.124700n | 027705
Expected signal | 0.059'504 | 0.0320° 0592 | 0.0415° 552 | o.0411° 0003

Observed 533 10 1 0
Expected comb. bkg | 566.8°%3 | 6.90°28! 116423 | 0.10949572
5318 - 5338  Expected peak. bkg | 0.052'505% | 00542000 | 0082500 | 0051453
Expected signal 0.205°50% | 0.0MI0RY | 01422000 | 01427008

;: Observed 525 9 0 1
:‘ Expected comb. bkg | 568.2701 6.8475%8 114708 0.10675 005
S 5338 5358 Expected peak. bkg | 0.024'2%% | 0.025°%0% | 000401 | 0.025%05
g Expected signal 03801 | 0213°30% | 0.267°0%% | 0.265%000

= Observed 361 i 2 1
§ Expected comb. bkg | 549.8707 6.7715%; LITSY | 003703
E 5358 5378 Expected peak. bkg 0.01457) 02 | 0.015170 5 | 0.015375 53 | 0.01570 %
Expected signal 0.38°1 021372005 | 02677008 | 02657057

Observed 515 7 0 0
Expected comb. bkg | 541.57%% 6.71455 Loo*eH | 0a01th
5378 - 5398  Expected peak. bkg | 0.0115200:00 | 0011650555 | 0.0118°5207% | 0.011843 04T
Expected signal 0.204*50% | 01142000 | o425 | 004145

Observed 547 10 1 1
Expected comb. bkg | 533.47%] 6.65755 107723 | 0.008%5%8%
5308 - 5418  Expected peak. bkg | 0.00897052% | 000887055 | 0.009175%3% | 0.00907 3521
Expected signal 0.058 005 | 0.0323 050 | 0.04071 0 ey | 0.0402°7 Do

Observed 301 4 1 0

BDT
BdMM 0. - 0.25 0.25 - 0.5 0.5-0.75 0.75 - 1.
Expected comb. bxg | 614.270% 7.23408 1315040 0.123+407
5212 - 5232 Expected peak. bxg | 02037005 | 0208705 0.203°3007 0.205° 005
Cross-feed 0.00567) tzs | 0.003127 0 20822 | 0.00301 70 20%E | 0.003877 ] i
Expected sigeal | 0.0070° 0527 | 0,0039°0000 | 0.00497050 | 0.0048 705
Observed 554 6 0 2
Expected comb. bkg | 605.0772 7170 1.20704% 0.121°81%
5232 - 5252 Expected peak. bxg | 02817000 | o027l 0.280" 5055 0.280° 5108
Cross-feed 0.0071* 050 | 0003970101 | 0.004967 0002 | 0.0049755018
Expected signal | 00241705030 | 0013570508 | 0016870000 | 0.01677 500
Observed 556 4 2 1
Expected comb. bkg | 595.9712 710000 1.2670% 01197257
5252 - 5272 Expected peak. bkg | 0.323°000 03265 0 0324504 0.325" 0 0s
*Z Cross-feed 0.0007 5558 | 000547055 | D.00BRTJIE | 0.0067 )55
é Expected signal 0.045°500 | 0026270405 | 003170505 | 00313005
? Observed 588 11 1 0
o Expected comb. bkg | 5869707 047058 123704 011750
§ 5272 - 5202 Expected peak. bxg | 02527008 | 02527500 0.253°5 000 0.250% 5050
£ Cross-feed 0.01544 508 | 0. oosst:;-;:,‘,*f 001087050 | 0.01067 50
- Expected signal | 0.045°005 | 0.0251°0%%% | 00317007 | 003137052
Observed 616 5 2 1
Expected comb. bkg | 578.17507 6.98°0% 12070 01147557
5202 - 5312 Expected peak. bxg | 01247505 | 01247057 0,123 012445052
Cross-feed 0.038°50% | 0021470580 | 0.020070500 | 0.02667 055
Expected signal | 0024170007 | 001307008 | ooes )0 | 00167 )0
Observed 549 7 0 0
Expected comb. bkg | 569.3752 6.92°0%2 LI8T 01117500
5312 - 5332 Expected peak. bxg | 0.0477505 | 00470 0.0477505 0.0477505
Cross-feed 0.1497008 | 0.083'500 0.10420%7 0.103"5 0%
Expected signal | 0.0068° 0525 | 0003870501 | 000487050 | 0.0048° 0208
Observed 509 10 1 1

19 January 2012
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Bouu: extrapolated sensitivity

r
o
x
@«
©
>
!
|
|
g r
|
| |
. ’ “
| ]
| ]
CMS .
1-'A"'1'Z'l".";'l'"[':'.'Z'Z'l":"
) 5 10 15
L (")

Required luminosity for a 3o evidence ora 5o discovery
of a given BR(Bguu) for LHCb and CMS.
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Bouu: extrapolated sensitivity

CMS combined can constrain contributions
exceeding BR(Bquu) SM.

& : ..
= Required luminosity for a oraso
& discovery of a given BR(Bguu) for LHCb and CMS
@ combined.
For LHCb: , discovery ~5.1 fb!.
) | e i S e e | A,l,,,;,;,:,;,,
0 10 15
Ulips
(luminosity in terms of used luminosity: [arXiV' 1108.301 8]
LHCb 0.34 fb!, CMS 1.14 fb'!) ' '
- i1 Required luminosity for a oraso
E i | discovery of a given precision to which LHCb and
}

B
A A}Ll LA

.s-dhoov«y oo
. Once the Bs — pp 1s measured, we can start
-~ constraining the Ba/Bs ratio, which is of prime

u,,, Interest for the MFV scenario.

-
2
:

o
.
o
—
"
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% B uu: extrapolated sensitivity

B(B{ — u*w) Upper Limit at 95% C.L. if SM [10°]
7 TeV run

:' LB LI DR BB DR L AL AL AL LN L BN RN ANL DN B BRI I LA ‘_*
1.8 LHCb —
161 Projection from 370 pb™'
14 E
1.2 =

E E Upper limit extrapolation

0.8 = . .
06k E in the presence of SM signal
0.4 ;_ 1 I 1 I 1 | 1 | sM_:

05 1 15 2 25 3 35 4

Luminosity [fb]

B(B] — u* ) 3 discovery [10°]

L BLALELELE LU BURLELELE BLELELELE BUBLELELE BURLELELE BUBLELELE BUELELE .
165 LHCb Observation:
1.4 C 14— . .
i Projection from 370 pb'" a 3o evidence of SM signal

1 - observation is possible within

::: E the end of 7 TeV run.
04 _ SM_E
0.2 E

o5 T s 2 a5 3 a5 a4

Luminosity [fb]
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Global fit and Bg quu

e |HC 2011 MET searches only ® | HC 201 | MET searches and Bs = up
NUHM | NUHM |
= np = 70 I I 1 I T T T I
€ = € ASTERcooe
2 ef 2 e 'gre@
505— 50
- 68% CL 68% CL
o 95% CL B 95% CL
£ . Qs
205- 20 o
105— 10 N S
= M» i
00 200 400 600 800 1000 1200 1400 1600 1800 2000 00 200 400 600 3800 1000 1200 1400 1600 1800 2000
M, [GeV/c] M, [GeV/c]

B—>pp upper limit pushes tanf3 down (opposite direction wrt direct searches)

a valuable benchmark of any BSM theory in large tanf regime
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¢.: Ambiguity Resolution

Use few % S wave KK present in the sample

(¢s’AFS’6H _60’5J_ _50’5s _60) <>

(7w = ¢,,~AL,,0, = 0,7 + 0y =0, ,0, = 0,)

K*K- P-wave: g 3 e
Phase of Breit-Wigner increases Tt P wave
rapidly across -
$(1020) resonance . S wave

2

£ 1
K*K"S-wave: g .
Phase of Flatt¢ amplitude ]
for £,(980) relatively flat C

. - S - P wave
(similar for non-resonance) A
- [Y. Xie et al, JHEP 0909:074,2009] 1
2777000 1020 1040 1060 1080 1100 1120
K*K invariant mass (MeV)

Choose the solution with a decreasing trend of d.- 6, vs my in the

$(1020) mass region

Similar to Babar measurement of sign of cos(2f3), PRD 71, 032005 (2007)
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¢.: Ambiguity Resolution

R Background Dataset used for the LP result (350 pb!),
: [ R open up m(KK) mass cut
£ 1°E  LHch - Perform analysis in four bins of
4ot . “. m(KK) and extract phase dependence
- e
2= + ; \T \T 17
10°E g BE s FUNENN mp i interval Niig _\ bleg Iz b
- + + (988, 1008) MeV | 251 £21 | 1675 +43 | 0.700
+ T #ﬁ (1008, 1020) MeV | 4569 & 70 | 2002 4 49 | 0.952
b g‘** (1020, 1032) MeV | 3952 + 66 | 2244 51 | 0.938
TEETET T I TR PRl N TR (1032, 1050) MeV | 726 £34 | 3442 62 | 0.764
990 1000 1010 1020 1030 1040 1050 :
mKK (MeV) - ' L L L ' L L L l  *
-_ 3 = LHCb Preliminary -
g E 1 G 0'2 |-— (@ = . -1 of T—r ~ -
I N : 8 =7TeV, L~ 337 pb P/a\) ;
<" 4E- LHCb ° o 0.1 i ; -
oF- —f C N2 .
= 1 T — solution | ol o | E
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CKM picture 1n 10 years

EPS 2001 LHCb @ end of 2012?
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LHCb upgrade

G. Isidori — Theoretical Insights to Heavy Flavour Physics ICFA Seminar, CERN, Oct. 2011

» Future prospects (a personal view)

“Minimalistic” list of key (quark-) flavour-physics observables:

* v from tree (B — DK, ...)

(S)LHCb

s [V | from exclusive semilept. B decays  SuperB

i Bs,d — [T

(S)LHCb

» CPV in By mixing  (S)LHCb

- The flavour sector offers a very rich

*B—o>K® [, vw  (S)LHCb, SuperB complementary of the High Energy

* B—1v, uv

Frontier searches for NP
SuperB - Recent LHCDb results shown the
potentialities of Flavor Physics at

* K — 7w Kaon b A62,... . . .
- n beams (NAG2,...) LHC, being unique for NP searches in
¢ CPV in charm (S)LHCb , SuperB Bg (also for By and Charm)
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LHCb upgrade: history and schedule

The LHCb upgrade : a bit of history

* January 2007, Edinburgh Upgrade Workshop: choice of 40 MHz

» April 2008, Expression of Interest

* March 2011, Letter of Intent (baseline proposal) to LHCC
Endorsement of physics case
Review of proposed trigger concept (40 MHz)

A (very tentative) schedule for LHC/LHCb . June 2011, Positive review of trigger concept

LHCC endorses the LOI, green light for TDR (due in 2013)
Intermediate document describing due early in 2012

2011-2012 LHCb data taking
2013-2014 LHC repair / LHCb maintenance, first infrastructures for upgrade
2015-2017 LHCb data taking

2018 LHC shutdown / LHCb upgrade installation

v' LHCb Upgrade preparation

2011-2013 R&D, technological choices, TDRs preparation/approval

2013-2014 Requests for approval/Funding Spokesperson (P.Campana, LNF)

2015-2018 Construction & installation at last CNS1, Firenze, Nov 2011
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