Status of LHCb, LHCf and MoEDAL
as of November 2011

Csorgo, Tamas
MTA KFKI RMKI, Budapest, Hungary
7 (or 6?) LHC experiments

ATLAS - on Nov. 29
LHCDb
LHCf
MoEDAL
ALICE - P. Lévai
CMS - F. Siklér
TOTEM - on Dec. 1
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LHC:
Large Hadron Collider
with 6+1 experiments
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Interesting numbers of LHC experiments
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Surprizing numbers, LHC experiments

No. participants from  No. Institutions No. of Countries
Public CERNweb/ (Public CERN/ (Public CERN/
Experiment web site/  Experiment site/ Experiment site/
First published paper) Paper) Paper)

1000/1300/1055 105/118/113 30/35/28
2900/7356/3172 172/174/177 37/43/35
2000/3290/1963 155/181/156 37/37/37
650/798/629 48/55/54 13/15/15
22/33/35 10/11/14 4/6/6
3/2/not yet 2/9/not yet 2/7/not yet

50/63/81 10/9/10+5 8/7/7

How come that we want to find the Higgs but cannot even count

people/institutions/countries? (updating, bookkeeping...)
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Status of LHCb as of Oct/2011

Status of the LHCb Experiment

Beauty provoketh thieves sooner than gold (W. Shakespeare)

P. Campana (CERN & INFN Frascati) — RRB Meeting — October 19%, 201 |

LHCb: LHC RRB, LHCf: Conference and MoEDAL: video
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Hot summer, full of physics

t T T T I LI LI LI LI T T T I LI I LI I LI T T

LHCDb

A hot summer ... full of . backerng v SM sgral Preliminary
data and of physics results . e, observed limit L=300 pb!
for the Core Program LHCb

measurements

EPS2011, B.>uu

Highlights of Summer
Conferences

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II+

e e = e ] ..Hmllll-luu
1.2 14 186 1 .ﬂu 2 22
BB’ — u ) [1

=3
i =

L .
01

Theory Binned theory
-a- | HCb

B
::I?III/ F:;'l_
'.L _/..' . ::

LHCb Preliminarny
8 =7 TeV, L= 337 pb

EPS2011, B> K*uu

|—i—|

LI | L | I LI

+
k
+

—68% C.L.
— 8% C.L.
---88% C.L.

LHCb

Preliminary
L=309/pb
PR T R T T

1IIIIII'I
JIIIIIII

LP2011, B.2>)/Ap ¢

[=]

¢s irad]

Zimanyi Winter School, 2011. . Csorgo T.



Running conditions, luminosity

Results obtained thanks to the LHC performance, the luminosity leveling and
the excellent running of LHCb detectors (~99% of channels operational)
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|deal running conditions achieved with
long fills (> 15 h; ~ | pb-!/h)

Best week ~ 130 pb-!
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[45)
=}
=

n
[=]
=2

-
m
a
El
2
2]
Q
E
E
=5 zuuu P R ——
-
L]
=
[ =]
]
=
]
I
=
2]
5
L]
E

LO rate — 850 kHz

Farm operating at limit of throttling |l | ]
HLT (physics) ~ 3 kHz 10h  13h  16h
« | kHz b—=>hadrons Date: 2011-10-08

* | kHz b>muons [ FULLY ON: 90.48 (%)
* | kHz charm (NEW !) [ ] HV: 0.58 (%)

| VELO Safety: 0.97 (%)

I DAQ: 4.24 (%)
Data taking efficiency > 90% I DeacTime: 3.74 (%)

Quality of data ~ 99% OK

[
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Data taking efficiency

Reconstruction output: 3 kHz with ~130 kB/event - ~ 400 MB/s

Stripping output: 300 Hz - ~ 40 MB/s
Draconian campaign during summer to stay within bandwidth design value
and available disk space (note: charm was not in our Computing Model)

Now ready to re-process the full 201 | dataset (~| fb'') with the available disk
space (but limited margin for Monte Carlo production)
Reprocessing of 201 | dataset for Aunning jobs by JobType
Winter Conferences ready in 26 Weeks from Week 05 of 2011 to Week 31 of 2011
December
—> Shortage of disk space to store
the Physics data LHCDb is producing

Tierl & Tier2 grid working efficiently:

fair share CERN/Tier| (no CPU
limited)
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Basic idea, search for new physics

Bs—

Predicted to be very rare in the SM due
to GIM & helicity suppression:

® Brsm(Bs—pu) = (3.240.2) x 10
Large sensitivity to NF, eg SUSY:

® Bryssm (Bq — E"'E_) o

MZMZtan® |

M3

Good place for synergy with direct
searches

CDF recently reported a hint of signal:

® Brcpr (Bs—HH) = 1.8+11 59 x 108

Zimanyi Winter School, 2011. 11. 28.
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World Record Measurements/1
CMS, LHCb: Bs— pp Limits ———

E - preliminary
® Expected Limit: <1.5 x 108 @ 95%CL B =N

Dbsarved

== Expected T 1a

(background + SM)
e p-value background only: 14%

.l Br (Bs—pp) < 1.6 x 108@ 95% CL ILHCb

- Combination with CMS data (1.3/fb) o s W E

BR(B? — pup) [107]

Excess see by CDF not confirmed ' ’_9'_I
Expected <BR> ~ 4 0= < 1IxI107 @ 95% CL

CLHCHS

proj. from 37 ph—1 Perspectives with |/fb statistics:
a4 = T TeV .

T (]]lH(‘.l' va b

Bl 3o observation = Limit (95% CL} <5 10-° EKPECtEd

----..._._._.__-.___________ ] * 30 observation if BR ~ 7 10-?

= SM prediction

Measurement of B, 2 uu also important
| - - [test of models : B(B; 2 nw)/B(B, 2 up)]

T T T 1 T v T T
a6 0.8 150 12 1.4 1.6 1.8 2.0

Integrated luminosity [fb—1 ]
2011
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World Record
BO — KCH|*|-

Flavour changing neutral current decay:
e Br(B° > K*'N=(33+1.0)x 10
Described by
® three angles: 6, §, D,
® W invariant mass: q°

Excellent probe of helicity structure of
MNew Physics

Esp. lepton forward-backward asymmetry
Ars vs. g?

W _Altmannshofer et al. |JHEP 0901:019 (2009)]
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Measurements/2

Results from B-factories & CDF show
hint of peculiar behavior at low q2?

Belle: ~250 K*[*'I events

LogLLl (6002) €01 THd

L
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a%(GeVich
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World Record Measurements/2

L =309 pb-!
N = 302420

Events/ (10 MeV/c?)
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= Data in excellent agreement with SM

» Next : determine g,2, and variables
sensitive to RH currents ( AL®)

Zimanyi Winter School, 2011. 11. 28.

Select data with multivariate techniques

Very good yield and S/B (comparable to B

factories)
Fit in bins of 6;, ®, O, and q2

Extract Agg and F,: systematics very small and
results statistically limited

Theory Binned theory
—a—LHCb
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World Record Measurements/3a

CP violation in Bs = J/\Pd: ingredients

® PS —VV:3 polarization amplitudes

® Describe in transversity basis

! B

e I=1:A. (CP odd)

b \,:‘.- q‘\;‘l '.....-

e [=0,2:5,,A; (CP even)
X = (Lo, ATy, A, s, |Ao|% |A LI, 8y, 81, |As|?, 05)

3
m

=]
w

LHCb Preliminary
vs=7TeV, L = 337 pb’

Tagging power (OS only):eD?2 ~ 2 %
JIW background

Entrles0.22 ps
2
M

Measurement of proper time resolution
with the background of prompt |/

A 0T

Effective resolution o, — 50 fs (near to : e

50 +m

00565 4= 007

expected value) o oo o
& B

proper time![ps]
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World Record Measurements/3b

CP violation & B;Bs Mixing Phase

Pp
Interference between mixing and decay gives rise to Bs 9 -Iil'l'J CI)
CP violating phase ¢p; = ¢ppy — 2 ¢pp \ /

V.. V.*
&M ts

s 228, = —2arg [ — b
5 5 ( Vcs c::;})

Requires time-dependent, flavour tagged, angular analysis

Measurement of mixing Am, using flavor x LHCb preliminary oSTLSET
_ - +
tagged decays B, > D, nt \s =7 TeV, 341 pb

Same side and opposite side tagging
exploited

LHCb has the Am, world best value  Am; = 17.725 + 0.041 + 0.025 ps”!

01 0.2 0.3
t modulo 2n/Am [ ps] |
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World Record Measurements/3c

B:—)/Yp: Al vs. ds —

~ 8000 events l P
8 =7 TeV, L= 337 pb

Most precise measurement of -

® | Pp,=0.13 £0.18 (stat) + 0.07 (syst) rad

® (Consistent with SM

4 O Evidence for Al #0 ;

e [Als=0.123 £ 0.029 (stat) + 0.008 (syst) ps- B. mass [MeVl

[, = 0.656 + 0.009 (stat) + 0.008 (syst) ps’'

LH[:;:J Plellimin.arjr
Independent measurement performed NE =TT, L33 e
with B, = J/p f, : CP eigenstate and no
angular analysis needed:

@, = - 0.44 + 0.44 (stat) + 0.02 (syst) rad

LHCb Preliminary
combined

resule || &, = 0.03 + 0.16 + 0.07 rad
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World Record Measurements/3d

Status and perspectives of ¢, measurement

Preliminary results overlaid 00 3 flo N
68% CL T FiiLI.lH
TTT oaku CL ” Rl T L Hi EPS 1

¢ Standard Model

+5M (pred)

+ D0 (6.1 fo)

® CDF (5.2 fis™)

ALHCH (37 pb™")
LHCb

0.4 L | n A
L 4 . ~|'.- .

L - t ik L
S S—— |

2 | - €DF_, LHCb (340/fb)]

Dl L L L S N BRI B e
] -150 =100 -5 [¢] ] 100

0 1
ps/ Ve (rad)

Previous tensions with SM observed by CDF and D0 not confirmed
Incompatibility with Ag; result from DO (to be tested soon by LHCb)

Still a lot of room for New Physics
LHCb expects a precision of 0.| rad with |/fb data sample

Csorgo T.
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Not detailed other results

Missing items (not enough time to discuss them ...)
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LHCDb conclusions

LHCb is performing very well. Thanks to LHC Team (and to luminosity
leveling technique) has collected over | fb=!in the 201 | run

Analyses in core physics channels are already well advanced, with 3 areas of
“world record” measurements: B, |/} ¢,B.=2 uu,B,;2 K* uu

Standard Model still “uncracked” but large room for New Physics
LHCb is complementing ATLAS&CMS limits for Supersymmetry

A lot of activities and very good perspectives for “world record”
measurements with | fb=! in CPV in b and ¢ decays, CKM angle v , radiative
and rare decays + a very large spectrum of physics items

Looking forward to increase (x 2 and even more) the statistics in 2012

Working hard to prepare LHCb future (Upgrade)

For the full report, see:
https://indico.cern.ch/materialDisplay.py?contribId=31&sessionld=4&materialld=slides&confId=149413
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Status of LHCf - as of Sept 2011

The LHCf (LHC forward) experiment

~ a collider experiment dedicated for
ultra-high-energy cosmic-ray physics ~

Koji Noda
for the LHCTf Collaboration
INFN (Section of Catania), Italy

6th European Summer School on Experimental Nuclear Astrophysics,
Acireale, Italy, 18-27 Sep 2011
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Very High Energy Cosmic Rays
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1071 7eV CR (fixed target) <=> cm energy at LHC (7+7TeV)
>107M5eV: detected with air-showers, but many unknowns
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Anatomy of Cosmic Air Showers

ir-shower m

2 evelopment

‘-i-"'

1. Inelastic cross section

If large o
icas __ | rapid development
" If small ¢

deep penetrating

2.
If softer
;81 LK rapid development
| Cherenkov | IR N If harder
|“lh1:ir:1u:nn il AR Y \ dee -
— ﬁ)/ e R'R p penetrating

3. Inelasticity k
(1 'Eleading)lED

- - If large k
el rapid development
If small k
[Charged particie | “Muon detectors deep penetrating
detectors 3
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Hadronic interactions: known unknowns

deep penetrating

— QGSJETO1
- = - QGSJETII
Sibyll2.1
+ =~ EPOSv1.99

rapid development

LHC data is expected to reduce this uncertainty
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What should be measured?

multiplicity and energy flux at LHC 14TeV collisions
pseudo-rapidity; n= -In(tan(0/2))

Multiplicity Energy Flux

sqrt(s)=14TeV

E,..=10"7eV

N
a LI

—
n
1 | L

dE/dn [TeV]

—
2
I LI

0.5

2| ATLASICMS .| Cizbe
T CASTC R

..I..
95 05 0 5 10 15
N

Most of the energy flows into very forward
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Interesting size and location of LHCf

LHCf Detector(Arm#1)

-----

Two independent detectors at
either side of IP1 ( Arm#1, Arm#2 )

.‘--:_' ___Li.._ - F
o T T - —
. = L = - .
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i LY

\:
— \ harged parucies ()
- TAN -Neutral F’EII‘L'IC|E Absnrber-
e - ] transition from one common beam pipe to two pipes
P A & i Slot : 100mm(w) x 607mm(H) x 1000mm(T)
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LHCf detectors

Imaging sampling shower calorimeters

v" Two independent calorimeters in each detector
(Tungsten 44r.l., 1.6A, sampling with plastic scintillators)

v’ 4 position sensitive layers distributed in the calorimeters

Arm#1 Detector
20mmx20mm+40mmx40mm
4 XY SciFi+MAPMT

Armi#2 Detector
25mmx25mm+32mmx32mm
4 XY Silicon strip detectors
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Summary of LHCF operations
" With Stable Beam at 900 GeV

100 k showers

With Stable Beam at 7 TeV
=

B 400 M shower events
P 1 M n? events

= Arm1 n° stat.

Status
7> Completed program for 900 GeV and 7 TeV

7 Removed detectors from tunnel in July 2010
2

b 14TeV in 2014
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EM Shower and piO identification

Event sample in Arm2

Longitudinal development
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A Pi0 candidate event

599GeV & 419GeV photons in 25mm
and 32mm tower, respectively
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Invariant mass of photon pairs
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ECIEL]
L

Arm2
preliminary

L

Comparison with MC is nat available yet | [
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500 1000 1200 2000 2300 3060 II00 4000
Heconstructed energy [GeV)

Reconstructed energy [GeV]

Comparison with models, coming soon
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First LHCf published resulit

Photon spectra at
7TeV collisions

(Published in PLB, ArXiv:1104:.5294v2 [hep-ex])

o T TEETARERRI FTRTI FETTIRRRRUNETTN (RTHI NTRTH IR

X (mm|

The simplest photon spectra by Arm1 & Arm2 at cnmmn rapidity

Nipe = Cine X INt(Ldt)  (oje = 71.5mb assumed; consistent with recent ATLAS resuit)
e/h shower separation based on the longitudinal shower development

=
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=> Combined & compared with MC models
Zimanyi Winter School, 2011. 11. 28.

14

Csorgo T.



Comparision with physics models

LHCivWs=TTeV LHCfWs=TTeV
Gamma-ray like Gamma-ray like
n=>10.94, Ap = 360 ) 8.81 =n < 8.99, Ap = 20

Gray hatch :
Systematic
Emrors

1000 1500 2000 2500 3000 3500
EnergylGev]

EPOS 'PYTHIA 8.145

* None of the models nicely describe the LHCf data in the
whole energy range (100 GeV — 3.5 TeV).

 Very big discrepancy in the high energy region (>2 TeV)

= Significant improvement of the models is possible with model developers

Zimanyi Winter School, 2011. 11. 28.
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LHCf summary

® LHCf I1s a cosmic-ray dedicated experiment in LHC
® DAQ in LHC sqrt(s) = 7 TeV pp collisions completed

® Analyses
e Photon spectra at sqrt(s) = 7TeV (published in PLB)
* Photon spectra at sqrt(s) = 0.9 TeV
» 7¥ spectra
* Impact on EAS
» Energy reconstruction improvement
» P, spectra, Hadron spectra, test for LPM effect
» Correlation with central production (joint analysis with ATLAS)

® Measurements
» LHC sqrt(s) = 14 TeV pp (scheduled after 2014; rad-hard upgrade on going)
» in study: LHC p-Pb (20127), possibility in the other colliders
* N-p, N-N, N-Fe (N; Nitrogen) in future?

Completed

In progress
In consideration

Still many dishes to enjoy!!
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LHCf dessert vs. ATLAS
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MoOEDAL Status as of Nov/2011

B it
aluminium
backplate

Approval in May 2010. Under construction, no physics results yet.

MoOEDAL: video
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