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® Hadron Colliders
® Monte Carlo event generation

® Jet finding algorithms
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Hadron Colliders
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Large Hadron Collider

ocated at CERN near Geneva

® Proton-proton collisions at 8 TeV (currently)
® Main experiments ATLAS and CMS

® Design energy |4 TeV
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LHC Beam - Stored Energy

At high luminosity: 2808 bunches, 1.1 x 10'' protons/bunch,
/ TeV beams (design energy):

» 350 MJ stored energy per proton beam

= Kinetic energy of 120 elephants each at 40 km/h
= Kinetic energy of fully loaded Airbus A320 at landing speed
= Kinetic energy of “Nimitz-class” US aircraft carrier at 4 mph

= Enough energy to melt 550 kg copper.

(+10 GJ stored in magnets)

=)
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main problem at LHC is
to control the stored energy
and to avoid any damage




Beam Focus

Beams are 0.03 mm in diameter at interaction point
Eye of needle = 0.3 mm in diameter

Beam spot at focus,
to scale
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Particle Collisions at LHC

® Protons consist of partons - quarks and gluons

® Event rate = Luminosity x Cross section (L X o)

¢ L=10**cm?s!' = | event/sec for 0= 10-3*cm? (100 pb)
¢ Integrated luminosity (2011) ~6 fb"!
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LHC Experiments
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A Toroidal LHC ApparatuS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeters
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ATLAS Muon Detector

MAGNETIC FIELD

A
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Auons bend away from Us.

Man for scale

ti- muqns bend toward us. Bryan Webber, Lund, 24 May 2012

Improving simulation and annly5|s too




ATLAS Calorimeters and Central Solenoid

A
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Compact Muon Solenoid

Magnet

Hadron calorimeter

Muon chambers

Return yoke

Length: 21.5mM | pixel-Tracker

Dlameter: 1om Strip-Tracker ?

Weight: 12,500 t " el

Magnetic field: 3.8T Electromagnetic
calorimeter
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Tevatron Collider

S Tl TYE N

Located at Fermilab near Chicago

® Proton-antiproton collisions at 1.96 TeV
® Main experiments CDF and DO
® Closed September 201 |
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Monte Carlo Event Generators

® Traditionally (imprecise) general-purpose tools

® Much recent work to make them more precise
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LHC Event Simulation

—
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Hard subprocess
eg.qq — Z°qq
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LHC Event Simulation

Parton showering ~ J%  »

=P |ETS
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LHC Event Simulation
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LHC Event Simulation

Hadronization
and decays
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LHC Event Simulation
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MC Event Generators

O H E RW' G http://projects.hepforge.org/herwig/

= Angular-ordered parton shower, cluster hadronization
= vé Fortran; Herwig++

® PYTHIA http://www.thep.lu.se/~torbjorn/Pythia.html

= Dipole-type parton shower, string hadronization

= v6 Fortran;v8 C++

O S HERPA http://projects.hepforge.org/sherpa/

= Dipole-type parton shower, cluster hadronization

= C++

“General-purpose event generators for LHC physics”,
A Buckley et al., arXiv:1101.2599, Phys. Rept. 504(201 1) 145
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Parton Shower Monte Carlo

http://mcplots.cern.ch/
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® |eading-order (LO) normalization s need next-to-LO (NLO)

® Worse for high pt and/or extra jets ssp- need multijet merging

Improving simulation and analysis tools 23 Bryan Webber, Lund, 24 May 2012


http://projects.hepforge.org/herwig/
http://projects.hepforge.org/herwig/
http://projects.hepforge.org/herwig/
http://projects.hepforge.org/herwig/

Improving Event Simulation
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Hard subprocess
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Improving Event Simulation
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NLO Hard subprocess
(loop correction)
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Improving Event Simulation

—

-

NLO Hard subprocess
(real emission)
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Improving Event Simulation

pall
S

NLO Hard subprocess VS
+Parton showering ‘
= Double counting??

—
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Improving Event Simulation
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Multijet Hard subprocess |-
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Improving Event Simulation

Multijet Hard subprocess |-
+Parton showering
= Double counting??
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Matching & Merging

® Two rather different objectives:

® Matching parton showers to NLO matrix elements, without
double counting

+ MC@NLO Frixione, BVY, 2002

+ POWHEG Nason, 2004

® Merging parton showers with LO n-jet matrix elements,
minimizing jet resolution dependence

<+ CKKW Catani, Krauss, Kuhn, BV, 2001
* Dipole Lonnblad, 200
+ MLM merging Mangano, 2002
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MC@NLO matching

finite virtual divergent

dO’NLQ — ( —|—V((I)B) /ZC (I)B,(I)R d(I)R d(I)B—I—R (I)B,q)R)d(I)Bd(I)R

B+V—/Cd<I>R] A + Rd® 5 ddx

dove = é(@B) AP [AMC (0)+RM%(((IZIZ)¢R) Anic (k7 (P5, PR)) dch]

= Bd®p [Amc (0) + (Rmc/B) Anc (kr) d®g]

Sudakov factor R dr D
= P(no emission —> JANV{e (pT) = exp [—/d@R ME ( = R) 0 (kT ((I)Bv (I)R) o pT)]
above b ((I)B)
PT)
domcanLo = [B +V+ / (Rvc — C) d@R] d®p [Amc (0) + (Rye/B) Awmc (kr) dPg|
Z;(R — Rumc) Awc (kT)‘%? d®r \
finite=0 MC starting from one emission

MC starting from no emission

® Expanding gives NLO result

S Frixione & BWV, JHEP 06(2002)029
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MC@NLO for tt at LHC
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ATLAS, arXiv:1203.5015 S Frixione, P Nason, BWV, JHEP 08(2003)007

Improving simulation and analysis tools 32 Bryan Webber, Lund, 24 May 2012



POWHEG matching

donvc = B (®p) dPp [AMC (0) + RM%(((IZDJZ)@R) Anic (kr (Pg, Pg)) dch]
dopy = B (®p) d®g [AR (0) + R;@(’Z;R) Ag (kr (D5, ®R)) dch]

F(@B):B(CI)B)+V(<I>B)+/ R(®p, ®r) — »  Ci(®p, Pr)| dPg

Use exact R in
0(kr (Pp,Pr) — pT)] <— Sudakov factor for
hardest emission

R((I)B, (I)R)
B (®p)

AR (pr) = exp [_/dq)R
® NLO with (almost) no negative weights  arbitrary NNLO
_ /
® High pt always enhanced by K = B/B =1+ O(asg)

P Nason, JHEP 11(2004)040
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Z° pt at Tevatron
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® All agree (tuned) at Tevatron
Hamilton, Richardson, Tully JHEP10(2008)015
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tt pt at levatron
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tt inv. mass at levatron

CDF Run Il Preliminary L = 8.7 fb™

o -
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® Good place to look for new particles

® CDF & DO agree with SM, but ...
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tt Ars at levatron

N(Ay >0) — N(Ay <0

) Ay =y — Yz
N(Ay > 0) + N(Ay < 0)

CDF Run Il Preliminary L = 8.7 fb

< 0.5 ;_ —e— |+Jets Data
MCQNLO POWHEG MCEM 0.4;— —— NLO (QCD + EW) tt + Bkg
Tnclusive 0.067 _ 0.066 0.073 3
Ay < 1 0.047  0.043 0.049 :
Ay| > 1 0.130  0.139 0.150 02 |
My; < 450 GeV/Z 0.054  0.047  0.050 o —|—_I_—-—
M, > 450 GeV/c®  0.089  0.100 0.110 = T
tt > (& /C ok
350 400 450 500 550 600 650 700 750 800
M., GeV/c?
t t
P Xiﬂ B
q q q e ,
7 — ® SM disagreement!??
T <
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tt Arg at levatron

m NLO (QCD+EW) | CDF,5.3 fb’! DO, 5.4 fb"! CDF, 8.7 fb-1

Inclusive 158 + 7.4 19.6 + 6.5 162 + 4.7
78+ 48
2 -
M., < 450 GeV/c 47 L6£153 o Ty 7854
115 + 6.0
> 2 . o M= . .6 6.
M. > 450 GeVic 10.0 TSI g 96 E6T
6.1 + 4.1
< + +
|Ay| < 1.0 43 265118 o Ol g BBEAT
Ayl > 1.0 13.9 6.1 +256 21.3+9.7 433 £ 10.9
y

(Bkg. Subtracted)

e CDF/DO disagreement?
D. Mietlicki, Moriond, 2012
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tt pT & mg at LHC

> T T TT | T T TT | T 1T | T 1T | T T TT | T T 17T | T T 1T
[0 L ]
31 200 ATLAS e +=4jets (= 1 b tag)
- B -1 ]
- | Ldt=1.04f —+—data .
P f a=1041%"" mc@no—« i
"q:'; 1000~ » W+jets 7]
> 7 Ztjets i
w y Diboson .
800 Il Singletop
N7 Bl Multijets ’
o7 Uncertainty |
600 N .
400( .
‘ :

0 _ A T orererele e 0:0.00.0 9.
0 50 100 150 20 250 300 350

p,(tf) [GeV]

> r T T T | T T T | T T T | L | L | T T 1 | T T 1 | T ]
Q C .
320003 ATLAS e+> 4jets (= 1 b tag) ]
31800:—fL dt = 1.04 fb" ——data -
P - MC@NLO [t .
s 1600 . W+jets —
> C % Z+jets ]
14001 ? Diboson
C Il Single top N
1200 Bl Multijets i
C % i ]
1000 Uncertainty -
800 -
600 -
400~ -
200 -

% 200" 400 600 800 1000 1200 1400
m. [GeV]

> LT T 1T | L | T T 1T | T T 1T | T T 1T | T T 1T | T T T]
® - ]
22000: ATLAS u+= 4 jets (= 1 b tag)
Z1800 [* gt =1.04 1" ~- data
P f ' MC@NLO it
‘06,'1600 > Wijets
> Z Z+jets
w1400}, Diboson
Il Single top
1200 g B Multijets
Z Uncertainty

Events /60 GeV

ATLAS, arXiv:1203.5015
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® Good agreement with MC@NLO
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tt Ac at LHC

N(Aly| >0) — N(Aly| < 0) Alyl
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® Much smaller than Ars
duv ds
- ® Good SM agreement (so far)
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Multijet Merging

e Objective: merge LO n-jet matrix elements”
with parton showers such that

+ Multijet rates for jet resolution > Qcy¢
(see later) are correct to LO (up to Nmax)

* Shower generates jet structure below Qcut

* Leading (and next) Q.. dependence cancels

* ALPGEN or MadGraph, n<Nmax
CKKW: Catani et al., JHEP 11(2001)063
-L: Lonnblad, JHEP 05(2002)063
MLM: Mangano et al., NP B632(2002)343
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Z%+jets at Tevatron
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Z%+jets at LHC

CMS preliminary CMS preliminary
| |

ole i | i o= i | _
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® Inclusive jet rates (anti-ke-algorithm -- see later)

® “Very good agreement with predictions from ME+PS simulation,
while PS alone starts to fail for njet > 2” V Ciulli, Moriond, 201 |
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LHC Cross Section Summary

CMS
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® Surprisingly good agreement

® No sign of non-Standard-Model
phenomena (yet) at LHC

Improving simulation and analysis tools 44 Bryan Webber, Lund, 24 May 2012



Jet Finding Algorithms
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A /-jet event

JATLAS

EXPERIMENT

Run Number: 191190, Event Number: 130253155
Date: 2011-10-17 00:22:18 CEST
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Importance of Jets

[Tree level J [Monte Carlo}— — —( NLO j (BSM Searches)

/(nggs searches

(jets (theory tool)j
CKKWl
MLM .
[ MC + Tree | (top physics)
¢ Y

Jet X- sct

(Detector sim.j / MC vaI|dat|on

et X—sct
(J K [Detector unfoldlngj PDF fItS

[ DETECTOR

SUO0I3D9J10D dN+

G Salam, 201 |
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Jet cross sections should be:

® Computable from data in reasonable time
® Calculable in perturbative QCD
® Robust against non-perturbative effects

® Correctable for underlying event
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Jet Algorithms

® “Cone” algorithms 4

® Clustering algorithms /~)7|:> —

* LUCLUS (Sjostrand, 1983)

* JADE (Bethke et al.,1986)

* kr/Durham (Dokshitzer, 1990)

* Cambridge/Aachen (Dokshitzer et al.,1997)
“* Anti-kT (Salam et al., 2008)
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Jet algorithms: computation

Timing v. particle multiplicity 2005

107 | ZSRRRa

Tevatron LHC lo-lumi LHC hi-lumi . LHC Pb-Pb
100 1000 10000 100000

N

e Computation time o< N°
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Jet algorithms: computation

Timing v. particle multiplicity 2008

LHC lo-lumi

LHC hi-lumi |

LHC Pb-Pb

107
100

1000 N

10000 100000

e Computational geometry = N> — Nlog N
FastJet: Cacciari & Salam, Phys Lett B 641(2006)57
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Clustering algorithms

® Algorithms have two key elements:

“ ordering variable v;;: combine smallest if

“ resolution variable y;; >y
o LUCLUS: vij ~ {E:E;/(E; + Ej)}? 03, yij = viz/Eo,
e JADE: vij = M, ~ EiE; 07, yij = vij/EZ,

® kr/Durham: Vij ~ mln{Eu EJ}2 ‘91,3 y Yig = Uij/Egm
e Cambridge/Aachen: v;; ~ 07, y;; = yz'jT

® Anti-kT: vi; ~ 97;2j/maX{Eian}2» Yij = yZT
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Hadronization

® Simple “tube” model describes many features

q q

@ %‘ (£

Q= Ecm = /dn d*pr p(pr)pr coshn = 2Asinh Y

A= /d2pT p(pr)pr = Nhad(pr)/2Y

Improving simulation and analysis tools 53 Bryan Webber, Lund, 24 May 2012



Hadronization

® Algorithm should classify tube as 2-jet

* (ys—jet) smallest is best

o JADE: (55 ) ~ @ ) 0

o LUCLUS, kt/Durham: (y3_jc;) ~ (MHQ/Q)ZO @ a

® Cambridge/Aachen: (y3_i.t) ~ (A InIn Q/Q)? A

o Anti-kT: (y3_jet) ~ (A/Q)” O O O
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Jet algorithms: hadronization

1073 g

1074 b
1079
<Y3>

1076

1077 E

10—8 L1 ! ! L1
100 200 500 1000 2000 5000 10000

E.., (GeV)

® Anti-kTt is best for small hadronization effect
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Jet algorithms: underlying event

p, [GeV] . __kt! R=1 _ | | ”C.a"im_lAachen, R=1

Cacciari, Salam, Soyez, |JHEP04(2006)063

® Anti-kT is best for controlled UE subtraction
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LHC Quench Incident

® First beams on 10 Sept 2008

® On |19 Sept 2008, a electrical fault caused
~100 bending magnets to quench

® 6 tons of liquid He lost, 53 magnets damaged

® Startup delayed >| year = time to switch to anti-kt!
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Jet cross sections at LHC

CMS Preliminary L = 4.7 fb" Vs = 7 Teanti-k_ |R =0. 107 — - | | -
- ' o > B - v 20=y*<25 (x108 _]
= e lyl<05(x10%) 7 @ - Systematic O 15=y*<20 (x10% 1
B ] 10"° uncertainties . 4 —
L B 05<lyl<1.0(x 10% ] S B A 1-0sy*<1.5 (><1O2) -
[ A 10<lyl<15(x10% O 10 - '\g—ﬁ%ETf 05 v ? 0'553;*22)'_% ((’;1180)) B
— v 15<lyl<20(x10Y— 4 B % ( - 1=py exp(0-3 7)) x N
— 0 20<lyl<25(x 109 = LAl Non-pert. corr. i
=2 | | 4 Q10 e %’5&5 ]
v ] — — e —
- q4 & 10° +** ’@'-@-e@' v, _
o 1 2 — - Ay S, Eﬁm -
i 1 0 7L == T “e = i

e @]

B i 5[ -.-_.. .E.‘E’ *ﬁ B |
- = 10" = .- s e —
— -.'!.! Sa Eﬁ —]
~ - — . E@ 7 1| 7
__ ] 103 - !.!!.! E E —
B ] - e = == i
- _: — ATLAS Preliminary e, Q@ﬂ —
_ - 10 = [anti_jets]r =06 "'-0-.... — B
~ NNPDF2.1u_=p_ =p_ E ot 18=7TeV, [Ldt=4810" ™ B
_ —— NLO®NP . 2011 Data == —

| | | | T 10-3 | | | RN | | | | |
0.2 0.3 1 2 3x10" 1 2 3 4 567

Jet p_ (TeV)

T my, [TeV]

® NLO with hadronization corrections (NP)

® mj, = dijet invariant mass
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A high-mass dijet

CATLAS

_EXPERIMENT

i i nd analysis tools 59 Bryan Webber, Lund, 24 May 2012



Searching for new signals

L I I I I I I I I I I I | I I I I | I I I I | I I I I | —] Q = | | | | | | | | | | | | | | | | | | | | | | | | | | | —
> - ~ -1 1 = - 1 ® Data2011 Ns=7TeV) -
8 Al . _gla'toaltz_ojf(\f/% S7TeV)  — % 10° = fL dt ~4.7 fb Background prediction =
o 10k T =0 . 7 Multidets (inc. fi> qg)
S = S E . S
o - - : 1 210°  ATLAS Preliminary T Alpgen tt— gl =
T F — P 1 3 Eee, B Alpgen W> (eqit)y
8 1 03 = [ W+jetS = QC_) 1 04 ;I_ ..‘. - Alpgen Z— vv _:
"= - Bl Diboson 3 > = ® B Alpgen Z— 1t =
= = I multijet 4 o = e s SUSY my=2960, M, ,=2407
L . W s SM+SU(500,570,0,10) 1 ©10° ° |

10°: @ R SM+SU(2500270.0,10) | g |=7jets p, >55GeV| 3

C . 1 o) ]

- ATLAS Preliminary ] g 102 ~

1 O = - = prd E
- T ... - 10 =
Lot e T BERE = | e R 0 S -

. ki nd 107
= 2 5F L L L L L L L L L L e = 5 2 =
n | R —— — = : LY =SSO (OSSR — S S 3
R [ CERRNRN - = 2 E
< 3 + - < 1 =

— ﬂ.—.—-..m ; +.- e < 3

I<DT: O.g g_ ..................................................... Coo ++'+' .......................................................... - '<D‘:o.5 -------------------------- E
% 500 1000 1500 2000 2500 _ 3000 0 6 8 10 12 14 16
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e “SUSY” = Constrained Minimal
Supersymmetric Standard Model

® Huge parameter space still to explore
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ATLAS Search Summary

Large ED (ADD) : monojet
Large ED (ADD) : diphoton

RS with k/Mp, = 0.1 : diphoton, m,,

RS with k/Mp, = 0.1 : dilepton, mII

RS with k/M, = 0.1 : ZZ resonance, m,, 11
RS with g /9.=-0.20 : tt — l+jets, m

ADD BH (M7 /M=3) : multijet, 5p_, N,

ADD BH (M+, /My=3) : SS dimuon, Nch. part.
ADD BH (M., /M,=3) : leptons + jets, Xp

Quantum black hole : dijet, F (m

Extra dimensions

qqll Cl : ee, uu comblned m
uutt Cl : SS dilepton + jets + ET miss

4% generatlon Q 4—> WqWgq

4" generation : U U,— WbWhb

4™ generation : ‘a d,— WitWt
New quark b':b'b'— Ab+X m,,

:1-lep +Jets+E

............. T miss .

yjet

Excited quarks dijet resonance, m
Excited electron : e-y resonance, m,.
Excited muon : u-y resonance, m

Techni-hadrons : dilepton, mee,w'
Techni-hadrons : WZ resonance (vlil), m_ .z
Major. neutr. (LRSM, no mixing) : 2-lep + jéts

W, (LRSM, no mixing) : 2-lep + jets

(DY prod., BR(H”—mu) 1) : SS dimuon, m,
Color octet scalar : dijet resonance, m
Vector- Ilke quark : CC qu

o

()]
Excit. €.

W

Other

H:=

L=1.0 fb™ (2011) [Preliminary]

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Moriond QCD 2012)

L=4.9-5.0 fb™' (2011) [ATLAS-CONF-2012-007]
L=1.0 fb™" (2011) [1108.1316]
L=1.0 fb™' (2011) [1112.4828]
L=1.0 fb™" (2011) [1202.3389] 350Gev. Q , mass
L=1.0 b (2011) [1202.3076] 404 GeV U 4 mass
L=1.0fb" (2011) [Preliminary]
400 Gev. b' mass

420GeV. T mass

L=2.0 fb™" (2011) [Preliminary]

L=1.0 fb” (2011) [1109.4725]

H ™ mass

st
660 Gev 1
d
es5Gev. 2" gen. LQ mass

480 Gev d , mass

pT/mT mass (m(pT/ooT) -
p_mass (m

LI | I I I

M (3=2)
Mg (GRW cut-off)
Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass
Graviton mass
KK gluon mass

My, (5=6)
M, (5=6)
M, (6=6)

ATLAS

Preliminary

f Ldt = (0.04 - 5.0) fb™
Is=7TeV

A

A (constructive int.)

A
221Tev. Z' mass
215Tev. W' mass

gen. LQ mass

J

(m(A

,) <140 GeV)
gq* mass
g* mass
e* mass (A = m(e*))
w* mass (A = m(u”))
m(m;) = 100 GeV)
= m(y) +my, m(a) =1.1m(p,))
N mass (m(W R) =2 TeV)
W5 mass (m(N) < 1.4 GeV)

()

Scalar resonance mass
Q mass (couplingk,q = v/mg)
Q mass (coupllng KqQ = v/mO

By courtesy of ATLAS Exotica

convenor Henri Bachacou
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*Only a selection of the available mass limits on new states or phenomena shown
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CMS Search Summary

T ————————
MBH, rotating. MD=2Te, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, Quantum BH, MD=3TeV, nED = 2,
String Ball M, MD=2.1, Ms=1.7, gs=0.4
Siring Resonances
EG diquarks
Asighson/Colonan
q° , dijat

oo
dijets —> « o
q* . boosted Z
o', A= 2 TaV (2010
Pt A= 2 TaV 20100
C.L A, X analysis, A+ LL/RR
C.l. A, X analysis, A- LL/RR

Z'SSM I
4 8 (5]
Mb', b' = tW, |+jets
MU', t' = tZ (100%)
Mt', t" = bW (100%), |+jets
Mt', t" = bW (100%), I+
gluino, HSCP, gluonball=0.5
4 9 (5]

LW

1 2 3

o 1 2 3 gluino, Stopped Gluino

LQ1, B=0.5 (2010)
LO1, B=1.0 (2010
LQ2, B=0.5
LQ2, B=1.0

0 2 3

GKK jet+MET k/M = 0.2
GKK jet+MET k/M = 0.3
GEK Il ki = 0.1

GKK yy k/M = 0.1

GKK Il k/'M = 0.05

GKK yy k/M = 0,05

W' v, constructive intar.
W' v, destructive intar.
WEK p = 0.05 TeV

W' dijet

WR, MNR < 1.0 TaV
W= WZ

pTC, nTC = 700 GeV

10

a
=2
I
ion
&
=
o
L=}

Ms, yy, HLZ, nED = 2
Ms, Il, HLZ, nED = 2
Ms, yy, HLZ, nED = 6
Ms, Il HLZ, nED = &
MD, monojet, nED = 3
MD, monojet, nED =6
MD, mono-y, nED = 3
MD, mono-y, nED = 6

|

£°, ttbar, lep+jat, width=3%
stop, Stopped Gluino

stau, H5CP, GMSB
hyper-K, hyper-p=1.2 TeV
4 5 g Tev 01 2 3 4 5 6

By courtesy of CMS Exotica
convenor Shahram Rahatlou

£, ttbar, hadronic, width=3%
stop, HSCP
LQ3, B=1.0

TeV
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Conclusions & Prospects

® Event generators now have more controlled precision
% Surprisingly good agreement with first LHC data
“ No sign of non-Standard-Model processes (yet)
= Conflicting top quark results from Tevatron
* Next step: multijet NLO merging (MENLOPS)
® | HC delay meant better jet algorithms (anti-k:) adopted

% Multijet (up to 7) and dijet (up to 4 TeV) cross
sections explored for signs of non-SM processes

“* Next step: use of jet substructure for searches
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And finally...

® Thanks to my Lund colleagues/competitors!
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Backup
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Parton distributions

\ LHC  |Tev .
a g i

1.00 —

AN A

a,d

W4

0.10 - _
0.05 :— Q=2mt —
- MSTWO08
0.01 | | | [ |
0.01 0.02 0.05 0.10 0.20 0.50 1.00

X

® uu—tt dominates at Tevatron, gg—tt at LHC
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Top quark asymmetry Ars

® Only qq asymmetric sy > <
Y A 0000001

® NLO effect ~5% at —00009995——
parton level A" > 0 dominant (low p4
® t prefers q direction N
1 E_|_p 0000001 00060001
y = —1In -
2 E —op,

= Expect Yp > Ui ! < 0if extra jet or high p%

N(Ay > 0) — N(Ay < 0)
N(Ay > 0) + N(Ay < 0)

Ay =y, —y; =9 A'= >0

Improving simulation and analysis tools 67 Bryan Webber, Lund, 24 May 2012



Top quark asymmetry at LHC

e |[HC is a pp collider = no effect??

® No! Effect should increase with Y& (q vs q)

e SM effect is small (plots show MC truth for 2 fb!)

10.00 1 | | | | | | | | | | |

5.00 —
[ mmm=a- No cuts

Cuts

1.00 —

0.50 —

o (pb/bin)

010 __|

0.05 —

|
_——— e ——
|

I
e - — — —
|

. LHC7Te

V-

|
0‘01 = | | | | | | | | |
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Top quark asymmetry at LHC

e |LHC is a pp collider s no effect??
® No! Effect should increase with Y& (q vs Q)
® Rapidity correlation should be as shown below

® Top rapidity distribution should be wider

1
Ay =y — yr, Ytz=§(yt+yz)
iz N(Ay > 0)+ N(Ay < 0)
A, = Nyl > 0) = N(Aly] < 0)
N(Aly| >0)+ N(Aly| < 0)

Aly| = |ye] — lyr] >0 g Ay - Yz >0

Yt
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