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LHC (Large Hadron Collider) at CERN

For finding Higgs, understanding EW symmetry breaking mechanism
and physics beyond the Standard Model

Highest energy
experiment

27km circumference
Design beam energy: 7TeV

Currently 3.5 GeV
=7 GeV CMS energy
(3.5 times design energy)

40MHz collision frequency

Design luminosity
103* cm™2%s71!




Total Integrated Luminosity [pb™

LHC accelerator operation
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Day in 2011

2012: continueing 7 TeV run, aiming for total 10 fb~! for 7 TeV

2013-14 repairing super-conducting magnets for ~14 TeV run



List of topics in this talk

Higgs search result as of LP2011
W and Z boson production
+ jets
Diboson
Top quark production
SUSY and other searches
QCD
Soft physics
jets

Subjects are chosen from ones something to do with
QCD part of Monte Carlo simulation / theoretical calculation



Higgs search




SM Higgs boson production

@ LHC
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Inclusive search
VBF (+ 2 jets) just started

WH, ZH only for = I(L,v)bb



SM Higgs decay
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— WW, ZZ (, tt)
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ATLAS result @ LP2011
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Individual channel upper limit already close to SM cross sections

Insignificant excess in H = WW channel seen



Upper limits combined
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Excess observed at around 130-150 GeV @ EPS2011 (July 2011):
now with less significance

145 < my < 450 GeV pretty much excluded

CMS results mostly with 1.6-1.7 fb™1, ATLAS mostly 1.0 fb~! but 4lepton and WW



High-mass Higgs

Events /10 GeV

10:\ LI I LI ‘ T T TT I LIS ‘ TTTT ‘ LI I TTTT ‘ TTTT I LI ‘ TTT \:
oF- Data 2011,\s =7 TeV, f Ldt=1.96-228f"'
8E- ATLAS Preliminary L Data 3
3 I =220 GeV, 1xSM
6 —
55 |:| Total background 3
aE l Hozz"s4 2
3 f
2F
1

u | L

‘POO 150 200 250 300 350 400 450 500 550 600
m,, [GeV]

Higgs decaying into
4leptons, llvv and llqg

LlvV : high-sensitivity at high mass
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Low-mass Higgs
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The channel for low mass
Current limit: 2-4 times SM

some signal may be seen next
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Low-mass Higgs

(2) W(Z)H - l(v,)bb

W tagged by lepton + Etmiss, Z by dilepton

W — qq mass

Large cross section but huge background
reconstructed!v

Key point: good resolution in mass reconstruction
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Reconstructing the mass of heavy objects

from “fat jet”
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6 |- 20 < My e < 55 GeV

Anti-k, R=1.0, RMS: 10.06 £ 0.19

Entries/total

05 - Cambridge-Aachen R=1.2, RMS: 14.65+ 0.13 1

Boosted heavy object may be reconstructed ||| T e et 2, o 0702022
as a jet with large radius parameter (e.g. R =1.2)

03 | .

Need to remove objects not from the decay ol g rAsTen
From QCD radiation not associated to the decay o g
Multi-parton interaction and pileup B

Mgrec-Mrrue [GEV]

Procedure

Splitting into two objects where mass after recombination becomes very large
Reclustering each of the small objects with small radius (e.g. R = 0.3)

Remove jets away from high-momentum partons (filtering)
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Jet mass distribution

before and after the treatment

Model dependence of mass distribution disappeared
All models show good agreement to data

Also much smaller dependence to pileup (not shown)
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The H > WW - lvlv channel
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# of jets, my and A¢p (I])
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# of jets, m;; and Ag(Il): CMS

Similar degree of
insignificant
excess observed
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Background uncertainty

Background estimated by control samples

low mass region my < 170 GeV uses:
WW: A¢(ll) <1.3and 0.75my < my < my cuts removed

Z/y™ +jets: Etmiss distribution from data used to estimate large fake
Etmiss events
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top: normalised by b-tag efficiency
from data

Entries / 0.13
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W+jets: jet — lepton misID from data

MC samples used in ATLAS
WW: MC@NLO (syst: ALPGEN)
tt : MC@NLO (syst: POWHEG)
In CMS:
WW: MADGRAPH
tt : MADGRAPH

Data / MC




Diboson production




Diboson production at the LHC

Motivation:

Sensitivity to (anomalous) triple gauge boson coupling (TGC)
shown up as cross section enhancement at high Er

Background to other searches 4 w l
Example from Wy, Zy colour
flow 14
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WW, Wz, 727
cross sections
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Clear signal with 1fb™1

Very small background

Consistent with prediction
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WW distribution in detail

Plots with jet-veto (no jet with E; > 30 GeV, |n| < 4.5)

Overall agreement OK, some shift in some distribution
More events in small A¢(ll) as in the Higgs search (not shown)

pr(lepton) OK; transverse mass of 2leptons + Etmiss some shift
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Top quark physics




T-Thar Yields

LHC: t0p fa Cto ry Ezzz Lepton + Jets /LHC
4000 | Dileptons

3000 1 Tevatron (10 fb-1)
Already 0(10%) events with 1fb™1 | e

More statistics than in Tevatron 0 100 200 300 400
LHC pb-1

Sensitivity to new physics
Single top cross section is also much larger

Mass of top quarks: still better measured at Tevatron (hence not shown today)

How to find [
w7
t - Wb ~100% -
b-quark tagging for most of analysis 7 . V

W — e or u (leptonic) or
W — qq (hadronic)

¢ b
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W d5 b



Top quark
cross sections

= Events

Good agreement with NNLO

More precision: stringent test
of pQCD in top sector

NEW: L+jets w/o b-tagging
(JLdt = 0.7fb~1 2011):
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Single top production we | t-channet

large ¢ 64pb

b
Sensitive to |V, | and new physics ’ ! u

Cross section @ LHC almost

, b ZW
two order of magnitude )
larger than at the Tevatron g d
Clear signal by cut-based analysis tW production s-channel:
moderate ¢ 17pb large ¢ 4.6pb

t-channel single top quark production
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High-pt top pairs:

10°

resonance search

Many models have enhanced
coupling to top quark
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Search for SUSY and

other BSM models




SUSY search strategy

Detailed mass spectrum depends on models
Common strategy:

Coloured @, g produced

Cascade decay:

eg g~ qq' ¥t - qq' vy’

Many models give leptons

Most models give many jets
Neutralino is LSP: R-parity conserved

Missing Er

Events with Multi-Jet(= 4) + MissingEt (+ lepton(s))
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Result 0/1-lepton: ATLAS and CMS

m, ,, [GeV]

MSUGRA/CMSSM: tanp = 10, AD: 0, >0
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No excess — giving limits
Already exhausting sensitivity with 7 TeV beam for simple scenario
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Events / 50 GeV

More exclusively: 1-lepton+btag
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Limit from 35pb~! to 1fb~?!

Other exclusive search for investigating scenarios such as

LSP not escaping detector (either long-lived NLSP or R-parity violation)

Many leptons
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Generic resonance search (1) dilepton

w
€ 10° e Data 2011
g 7 ATLAS s
w 10 J‘ ; [JDiboson
= ) [ T
10* Ldt=1.081b EW-+Jets
_ Jaco
10° \s=7TeV 1Z'(1000 GeV)
C1Z'(1250 GeV)
102 C1Z/(1500 GeV)
10
1
107
107
| ! !
80100 200 500 1000 2000
Mg [GeV]
2 e . — ———
3 ATLAS Dt 2011
> 5 l:l Y
w 10 J' ; [ODiboson
= i Wl
10* Ldt=1.211b EW+Jets
_ Jaco
10° \s=7TeV C3Z'(1000 GeV)
C1Z'(1250 GeV)
10° CJZ'(1500 GeV)
10
1
10"
107°

200

80100 500

1000
m,, [GeV]

2000

Z’, GKK etc.
Limit up to 1-1.5 TeV

o B [pb]

10

102

10°°

T IIIHH‘

T WIIHII|

lfHHl

g_uu:J.Ldt =121

ATLAS
\Ns=7TeV
G* - pup

m
>

35
@
Q
S
@
a
3
=

Expected+ 1o

Expected+ 20
— Observed limit
= k/M, = 0.1

k/M,, = 0.05
— k/M,, = 0.03
— k/M;, = 0.01

1 \IHHl

s L L
02 04 06 08

I
1 1.2

P IR R L
14 16 18 2

m [TeV]



:: 2_I T T 1T T 1T T TT L L T TqrT
o F ]
Dijet resonance g
Q 16 7
14 f_ q* “'.5 TeV) q* (2.3 TeV) _f
121 4 + T 4
1 eswvasion, **++++H>H, oo =
Various models: 08 -
: % 0.6 -
excited quarks (q*), heavy W/Z, " s o 113
H : H AL Ns=7Te -
RS graviton, axigluon, E6 diquark... <t IMIRE
0'2:_ Wide Jets B
i 1 * - Lt | I | | | | | | 1 11 1 ‘ 1 111 | lg | 1 1
Limit: 1.5-4 GeV 077000 1500 2000 2500 3000 3500 4000
Dijet Mass (GeV)
5 f T E R T e o ]
a C g MC10 g 10 ATLAS Preliminary =
< 10°F A (MRST) - oo « Data ]
X B —— Observed 95% CL upper limit 3
© - e Expected 95% CL upper limit - 5 — Fit A
105\ 68% and 95% bands E 10 E
- \\ i . \s =7TeV ]
- — -1 E|
10L N ] JLdi=081" 3
N\ ATLAS Preliminary 1 10 <
- \ [Lar=0811" 1 3
1 h E 1 =
\ s =7 TeV
107k . o 1
E 3 (1)) — LI 1 ——t——— — |;
. Qg ] © o } ‘ } E
10'2 =5 g — 8 0 I-d r 'J h - i .
E L T T T = _ 3
1000 2000 3000 4000 520 Ll T
@ 1000 2000 3000 4000
Mass [GeV] Reconstructed m, [GeV] 33




Monojet + missing E

—— ADD signal: n=2

—— ADD signal: n=4
— — 95% CL Exclusion

ATLAS Preliminary
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dN/dET"™*  [Events/GeV]
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h | I
4000
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Graviton goes away from brane
to bulk (into extra-dimension)

Mp >3.39TeV (n=2)
ADD model

Mp: planck scale in
4+n dimension
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W, Z production and QCD




Drell-Yan process

Electroweak process
Precise prediction

Standard candle for detector understandings
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mr: invariant mass with only

component of momentum 27



W/Z “visible” cross section
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No extrapolation to total cross section — smaller uncertainty

Comparison to calculations with various pdfs

LHC data will be sensitive to PDFs with improved precision
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Z and W: rapidity dependence
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pr of Z°: higher order in QCD
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Z, W + b-jets
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Jets and QCD




Jet production

Inclusive jet double-differential
cross sections

Comparison to NLO calculations
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Good agreement
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Forward jets

Fractional JES systematic uncertainty

Need to understand
and reduce systematic
error

Interesting tendency

ATLAS JES central rapidity:
similar to CMS
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Multi-jet events
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Gap between jets

See if there is any jet
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Soft QCD

Very selected example
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Energy flow

In transverse region
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Inelastic pp cross section
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Summary

LHC performance is spectacular, experimentalists are super busy

(unfortunately) no hint of new physics yet
But they may be just behind
QCD calculations and MCs are surprisingly good
ltems on our wish list were delivered, in time
Detailed check is still important for precision and higher
sensitivity to new physics
Scene is quite dominated by Higgs search and related QCD subjects

But also important to have more studies for testing QCD itself
we should keep in touch
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