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proton - (anti)proton cross sections LHC @ 7 TeV vs Tevatron
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« Charged Hadron Multiplicities
» Strange Hadrons and Hyperons
» Angular Correlations

Hard Scattering

s g, Mt tom

Underlying Event Proton

Proton

Underlyng Frent

Minimum-bias: events collected with (ideally) totally inclusive
trigger, in principle contains all types of interactions proportionally
to their natural production rate.

Underlying event: “connected” with the hard scattering.




Minimum bias events: soft QCD (p; tracks down to 50 MeV)
Non single-diffractive event selection (correction 6%—>2.5% systematic error)
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Distributions not well described by our event generators:
Tuning is needed
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Poor agreement with models, at higher p; for K/m and lower p; for p/mt
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Invariant mass distribution

for different combinations
(RET—> AK*T orZ* —> An¥)fit
to a common vertex.

* Tracks displaced from
primary vertex (d;,>30)
* Common displaced vertex (L,, > 10 o)
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MinBias, 1 .0GeUfc<pT<3.l}GeV.-‘c
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Peak cut-off in both
distributions

Long range same side correlations: arXiv:1009.4122



Nearside Longitudinal Structure?

ALICE Work in Progress
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* Di-Muon Production
D Meson Production
« J/'¥ Production

» Bottom Production

* Jet Physics

Particle content of the Standard Model

Quarks:

down bottom

Leptons:

Force carriers

The Higgs
boson
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ATLAS Preliminary
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Simple analysis:

O LVL1 muon trigger with
pr ~ 6 GeV threshold

2 opposite-sign primary muons
reconstructed by combining
tracker and muon spectrometer
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= First measurement at Vs=7 TeV.

= [Measure cross section vs y, pt
in ~2 nb-!, with open trigger.

= Impact parameter distribution used to

separate prompt D%* D*, D, from

secondary.

= Good agreement with expectations!
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= Preliminary cross section measurement with ~14 nb' (ICHEP):

S ' ' LHCb J
A= Preliminary
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B LHCb data . .
A LHCb simulation (PYTHiA 6.3 Golor Singlet) _;_;a studies are coming.
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= Inclusive J/y production:
5(2.5<y<4,p,<10 GeV/c)=7.65+0.19+1.10"087_ _ b

= J/y production from b:
6(2.5<y<4,p:<10 GeV/c)= 0.81+0.06+0.13 ub



> Sources of B at the LHC: FEX and GS are higher order, but dominate at
the LHC!

= B tagging with various algos;

= Invest purity and ¢ mistag rate
e.g. with template fit to
secondary vertex mass.
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Cross section in four n bins, open trigger (~3 nb") and muon trigger sample (~12 nb1)
submitted to PLB (arXiv:1009.2731)

50 - -
x Microbias - MCFM

sTriggered
+ Average

— CNFMR Shapes and scales agree

do 30 : :
dn well with expectation.
(ub) 20 Validates QCD predictions
10l at LHC energies
LHCb
0 1
2 3 4 5 [

o (Pp—H,X ) =73.313.4+13.0 pb for 2<n<6, any p; Vs=7 TeV

Extrapolating to 47t with PYTHIA 6.4: G(pp—rha)() =284 +20+49 ub Theory:
MCFM 332 ub,

Averaging with prel. result from b=>JAy: o(pp=>bbX) =292 +15+43 pb NFMR 254 ub

- b rate (at least) as high as assumed in LHCb sensitivity studies.




2-Jet Collision Event at 7 TeV

2010-03-30, 13:16 CEST
Run 152166, Event 399473

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




WATLAS

A EXPERIMENT

* Observed jets corrected to = 10° g B B L B R L
particle-level using parton- 3 . anti-k, jets, R=0.4, |yje1|5 2.8 7
shower MC (Pythia, Herwig) 3 10° o [LawrongeerTon E
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«  Experimental uncertainty: 100 200 300 400 500 G %90
~30-40% dominated by Jet P, [GeV]
Energy scale (known to ~7%)

—  Luminosity (11%) not included Good agreement with QCD over

5 orders of magnitude



Inclusive jet p;spectra have been produced with three different jet approaches
All results are in good agreement with NLO theory
With Particle Flow approach distributions can be extended to a low p; value of 18GeV.
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ATLAS

A EXPERIMENT

Higher order emissions | |
also measured directly ~ PUet)>60 GeV. pr{jetys. )>30 GeV,

|Viet|<2.8
= | | | 3 o 0.5 ' ' T ]
2 = ATLAS Preliminary - v | ATLAS Freliminary
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Cross sections as function of pr(jet) and Ipt(jet) measured as well
Alpgen found to give good description of data



B Hadrons, B Lifetime
* Prospects for B — uu

* B Oscillations Particle content of the Standard Model

Quarks:

strange

Leptons:

Force carriers

The Higgs
boson

gluon




» Two body charmless B decays are core to LHCb programme:
v angle, loop effects etc.
» Crucial use of PID from RICH and very good mass resolution.
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Yields so far ~match expectations.
In 2011 running will get largest
world samples both in BY and B..
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Very rare decay in SM, well predicted BR(B.—pu)=(3.35 +-0.32) x10° .

Exclusion limit at 90% CL at Vs=7TeV

o —— T T T T T = Sensitive to NP, in particular
\ DO (6.1 fb) | new scalars.
“1 | CDF (61 fb) In MSSM: BR o tan®p / M,
] . DO (11 fb?) ]
wd o\ - e T
@ 3.5 + 3.5 TeV CDF (11 1b)

= Sensitivity from MC
assuming measured bb
LHCb | cross-section

= EXxpectation being
confirmed by tests on data.

oo SM prediction sexxsssssoszxest
0+ L PN AL A S S S SR R
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approaching new limit possible already with 50 pb-*



= First signal of flavour oscillation from B%,—D* (D% )u*v events .

| Flavour Oscillation signal region | D]

LHCb Preliminary

LHCb Preliminary o V7o
Ns=7TeV Bl
B°—»D*uv foo-
N v “1:» J-i-'-s 5 158 ) s
- | Proper time signal region | N ——
01— LomlE o LHCB Preliminary
Yes, Bl is
oscillating L
- 3 : 4 5 6 7 ] 9 10
also in LHCb ! proper time (ps)

“Out of the box” un-calibrated tagging performance ( algorythm tuning,
tagger combination etc..) already at 60% of expected performance.




* W/Z Boson Production

Particle content of the Standard Model

Quarks:

Leptons:

The Higgs
boson




CMS Experiment at LHC, CERN
” || Run 133874, Event 21466935
Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

Electron p;=35.6 GeV/c
MEt =36.9 GeV
M:=71.1 GeV/c2

CMS Experiment at LHC, CERN

< Run 135149, Event 125426133 e
<2 Lumi section: 1345
Sun May 09 2010, 05:24:09

Muon p=67.3, 50.6 GeV/c
Inv. mass = 93.2 GeV/c? |




- Unique LHCb n coverage, allows for
interesting W,Z production studies

- First result: charge asymmetry in
W2 ut v events
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ATLAS has collected ~10* W’s
and ~103 Z’s per channel.

Yield is between Tevatron 1A
and 1B datasets.)

 W-pv candidate

in 7 TeV collisions
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mr = \/ 20525 (1 — cos(6 — 6v))
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CMS Experiment at LHC, CERN

Data recorded: Sun Aug 15 03:57:48 2010 CEST
Run/Event: 142971/ 323188785

Lumi section: 348

Orbit/Crossing: 91187947 / 2286
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The mother of physics:

e Precise SM measurements » Great tool to calibrate detector:
A window to new physics Jet energy scale, b-jet efficiency
(decay product, anomalies) * In many new physics scenarios (e.g.

SUSY) top is dominant BG

top quark pairs i

'1 + 9 anomalous couplings

V rare decays
branching ratios
CKM matrix element |V)|

new particles

production cross section &

W helicity
production kinematics W~ > -
resonant production e
production mechanism b qQ |
new particles
qv

EW top quark production observed




TEV LHC proton - (anti)proton cross sections
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9/2010: See a few dozen candidates at ATLAS and CMS
2011: Expect more tt Events at LHC than at Tevatron



1 electron p; = 41 GeV b V.l N, '
E,MSS = 89 GeV

4jets > 20 GeV - 13 EXPERIMENT

—>1 b-tagged jet ¥

— Fun Mumber: 158975, Bvent Mumbern 214373539
Date: 2010-07=-12 D&:04:37 EST

DESY, 27. 9. 2010 Thomas Milller, Institut fir Experimentelle Kernphysik, KIT Highlights from the LHC



b-tagged
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The QCD background here is data-
driven (these plots use the matrix

method).

The single top and W/Z+jets
backgrounds are taken from Monte
Carlo: MC@NLO and ALPGEN

In parallel, we are using the 3 pb
of data taken so far to quantify the
backgrounds

Jets are b-tagged by the SVO
algorithm.

SV selection
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uu +Jets Candidate Event (from July 18)

_\\\ Event passes all cuts of full
I T — selection:
. = \ L2

g e 2 muons with opposite charge

pr=45GeV/c,n=-1.2, p =09

AN \ 2 jets, both w/ good/clear b-tags

(and secondary vertices!)
significant MET (>350 GeV)

I ||||||||| | |||||||| [ ||||||||| I |||||||| I ||||||||| | ||||||||| | |||||||| T T r] (R
0.3 0.2 0.1 1] 0.1 0.2 0.3 .,-/!:- [ 0.5
M.~ | GMS Exparimant a1 LHG, CERN /
P | Dita recorded: Sun Jul 18 11:13:23 2010 CEST -' /"
[ | RunEwent: 140079 [ 136850665 2
.é_z Lurmi saction: 160 -

2ndary- vertex & ns—
6c elljpse 4 -

0.2 3

m(up) = 26 GeV/c?

= 0.1

Preliminarily reconstr. mass is in the range —“
160-220 GeV/c? (consistent with my,)
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» Full selection applied: Z-bosonVeto, [M(ll)-M(Z)|>15 GeV
= MET >30(20) GeVin ee,uu, (eu); N(jets) 22
» 4 ttcandidates (1 ey, 1 ee, 2 un) over a negligible background.

= Topsignal at LHC established.
(DESY.27.9.2000  Thomas Millr, nsitut fur Experimentelo Kerphysik KIT  Highlights fom the LHC



= Using 0.84pb-1 and
requiring at least 1

Secondary Vertex tagger 'E"; L CMS Preliminary —— Data J
with =22 tracks: & 10° 084 P ffjm’ — [
= ~50% efficiency ~1% fake S —
rate 102} e )
* N(ets)23 ’ S
= 30 signal candidates over a 10
predicted background of 5.3 -
= {t rate consistent with d:
NLO cross section ]

o Up to experimental (JES, b-
tagging) and theoretical
(scale, PDF, HF modeling,

Jet multiplicity



» Search for W’
* Di-det Resonances
* Quark Compositness Particle content of the Standard Model

* SUSY Prospects

Farce carriers

The Higgs
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ATLAS Preliminary W'—ev ® Dala 2010

» Analysis uses 317 nb-1 of data 108

+  Data consistent with SM predictions 10° \;ﬂ; i E::iggi
. |
«  Current limit that can be set (electrons): 10 .nwtf
465 GeV 1 [Jaco

Events /(0.06 log, (m )
2

— Present Tevatron limitis 1 TeV

. 107
»  Current results support estimates from 10°
previous MC sensitivity studies 10%
- Extend sensitivity around 5 pb-"! T T
— Discovery potential at 10-20 pb™! my [GeV]
= : ' T
— a Wo=evy —— 95% CL limit
= Lo Eenes Conoes c ol % \Ns=7TeV,317nb' -o-SSM(LO) |
= S o s cenee ° . e Expected limit
D 40Pk @ o oo Edence ; b >, E+io
2 ° ” [+2c
E
5 : ATLAS
3 ol | 10%+ = Preliminary E
\Ns=7TeV
i ATLAS Preliminary ..
10 Simulation 1ol L
o
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50 m,, [TeV]



SATLAS

JA EXPERIMENT

ﬂ A B CR20 ERL A SR IR CRA DR A iy IRECL IR EL N CA e I =
S 10t =

u R L P M S B E o BT K B A S M EECR A e L%’ - L Data 3
E 10 — ~ Flt ]
= = « [ata 3 E - .
& : Fit ATLAS : ,mag i q*(600) s =7 TeV .
107 —=— q'(500) y=7TeV - = —— *900) _ - -

= ﬁ = - Ldt=31pb ]

= 489 Lda-315nb" 3 - —e— (*(1500) J P .

L —4— q (1200) - 102 - =y —

02=_ = = =

= = - Full data set I
m;— —; |I 10 =

e 5 L 1 ]

- = ;l_l_i

e ——t——t—t ——t—t— F—+— - L. - -
ze | T ATLAS Preliminary [ | -
E._ OW Ig 2__I I T T T T | T T T T | T T T T | T T T T | i
Q_,_E:_ Breeifoped i, ol odletfoedn ) o ips Phabo i o _: -:'\- D_ .
500 1000 1500 M Y4 ]

] - .

Reconstructed m' [GeV] e_z__ | I T

I||I|I|I|I|| III| III| III||I
500 100 150 2000 2500

Reconstructed m' [GeV]

«  With 10x as much data the expected limit moves from 1.06 TeV to 1.51
TeV and the observed limit moves from 1.26 TeV to 1.53 TeV.

— We raised the jet requirement to p1(j;) > 150 GeV to match the evolving trigger.
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s Search for narrow resonances in di-je”r final states.

+ Differential cross section for |n,;n,|<2.5 and |An,|<1.3.

e Sensitive to coupling of any new massive object to quarks and
gluons.

¢ 95% CL mass limits
e String resonances >2.5 TeV, Excited quarks >1.58 TeV
e Axigluons/Colorons »1.17 TeV



a. Measuring centralicity:

N
()

N(Inl<0.7)/N(0.7< nl<1.3)
o

o
o

120 nb"

N

—
S L
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TeV

LI AV LY AR R
. CMS Prelifimry/h=1,5ﬁv ]

* Data 120 nb™

— Contact Interactions
— Excited Quarks

~— NLO+Non-Pert. Correction,

[

|
I
|
I

5
|
o
|

P PR PP LR B
500 1000 1500 2000
Dijet Mass (GeV)

N(ln| <0.7)

~ N(0.7 < |n| < 1.3)

* Roughly flat for t-channel QCD
* Rises for quark contact interactions

Data agree well with NLO
+ non-purturbative corrections:
Limit on the contact interaction scale A

A< 1.9TeV at 95% C.L.

(Tevatron excludes A<2.8 TeV)



b. Measuring angular distributions:

Angular distributions are sensitive
to s-channel vs. t-channel (QCD)
production of dijets

— The variable y is convenient — it's flat for
Rutherford scattering, and almost flat for
QCD

— s-channel exchange peaks at low .

We require (depending on mass
bin)

- pqljy) > 80-150 GeV (trigger)

—  p+(,) > 30 GeV (reconstruction)

- Wiyl <15 Makes acceptance in y
- lyi—-Yyal <49 relatively flat.

No significant deviation from QCD
is observed

— Expressed as our benchmark, a contact
interaction A, this works out to

A > 3.4 TeV (at 95%), with an
expected sensitivity of 3.5 TeV

— Previous best limit is from DO,
A>28TeV
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> 7 TeV data of less than 100 pb-' should provide sensitivity to SUSY
parameter space well beyond current Tevatron limits.

> Sensitivity strongly depends on the understanding of the SM
backgrounds.

CMS preliminary E
Ne=TTeV

Hadronic search, 95% C.L. curves — jm—

tang=10, A =0,>0 —

100 200 300 400 500 600 700 800 900 1000
m, (GeV)




= Data taking (and machine performance) is very smooth.

= Detectors are wonderful instruments! So far all four large
experiments are covering almost all topics.

= Begin to “rediscover SM” at Hadron Colliders.

= Begin with searches for new physics — partially surpassing
Tevatron already! Higgs, however, still far away!

= Very promising prospects: up to 1fb-" in 2011 looks
realistic.

We are entering the TEV area



Tiny signal to background and the huge level of
expectations may lead to false discoveries.

Some examples | experienced (not all were published):

» Centauro Events (1982)

» Diffactive Top Production (1984) _

- SUSY in Mono Jets (1984) SPPS Collider
 EWK Top Production (1984)

* Top at 140 GeV (1993)

« Compositnes in Jet pt distributions (1996) Tevatron
* 170 GeV Higgs into muons (2000)

 Multi-Higgs production into taus (2008)

* | hope this will stay empty ! LHC






Event 1

Background distribution:
1 d’N™
3~(3ﬂ=ﬂ¢3)= -

Signal distribution:
1 d* N
S, (AnAg) = —

Event 2 o
o 'J'('r’f;"

Lr AT . i {2
o : e
. ) A

b

A CMS pp 7TeV

S, (An.Ag) _

R(AnAgp) = <(N - 1)( B. (A Ag)

1 >
pr-inclusive two-particle
angular correlations in
MinBias collisions

G. Tonelli and G. Roland, CMS, CERN seminar 21. Sept 2010



"Clusters”: Resonances,
string fragmentation (lower pT)

CMS 7TeV pp min bias

== Bge-Einstein

Jets (near-side)

Jets (away-side)

Momentum conservation

“Clusters”: Resonances,
string fragmentation (higher pT)



1D "Projection” to An axis

(8} CMSVE » 0.9TeY  Oxclisjx]

(b) CMSWE » 2.26TeV Deliéx] c) CMSVE = TToV  OxlAdies]

.

R(An)
R(AD)
R(A)

K.s: Number of correlated particles

d: Extend of correlation in An

PYTHIA describes the energy dependence

Underestimates the cluster size K«
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