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DISCLAIMERS

- 1 don’t try to cover every single talks, rather | tried to
cover the ones | thought were the most interesting/important

* | will not talk about the Higgs. [ here was one CMS RPM
recently (and an ATLAS one soon) dedicated to this topic.

» Short summary: LHC overtakes the Tevatron, provides a large
exclusion region for the SM Higgs boson of M~ 145-460 GeV (95%

C.L)

» Apologies If you have seen my LP'| | summary at the last ATLAS
experiment-theory talk, there Is a very large overlap!
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Outline

8;;-. Hf"i'.Supersymmetry (with MET)  Strong Gravity

- Jets + MET - Monojet @

- Lepton(s) + MET - Monophoton
- 3" generation + MET - Dilepton spectrum
- Photon(s) + MET - Black-hole
—wm=mHeavy Resonances Long-Lived Particles .
Q B - Heavy gauge bosons > Displaced vertices [
| - Diphoton - Slow particles
- Dijet - Qut-of-time decays

- Doubly-charged Higgs
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Many extensions of the SM have bee n
developed over the p@dec S: .
Supersymmetry %= P :
Extra-Dimensions S g
Technicolor(s ‘ i
Little Higgs .
No Higgs “* :
GUT :
Hidden Valleyg, 3
Leptoquarks s - :
Compositeness « .
4" generation (t', b') :
LRSM, heavy neutrino L
etc... E

(for illustration only)

1jet + MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

A complex 2D
problem

Experimentally,
a signature
standpoint
makes a lot of
sense:

- Practical

- Less model-
dependent

- |mportant to
cover every
possible
signature

Henri Bachacou, Irfu CEA-Saclay
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1. SUSY: Jets + Missing E+

B “Workhorse” of SUSY search
m ATLAS: ® CMS explores various

- Cut on MET and m, techniques:
: . = O ;
- Combine exclusive channels » a; =2" jet E;/ Trans. Mass
H, = scalar sum of all jet E- Ci5 Pratieninery 2071 PAS-8US-11:003
T rTTTTTTTTT™Y P —— T —— ln j I
2 ot ftdt* 1.040°  acD mutijet ] S10° ILdt=1.1 fb',Ns=7TeV
® Four Jet High Mass =\§’:’f‘;s § s : « Data
g 10° Channel 1t and single top . u>110‘! ww Standard Model
& >4 : t «es. SM + SU(660,240,0,10) : § : tC%)CD MultiJet
107 i Je_._s'm ATLAS Preliminary - W, £+ Joto
E e aaay 5 102
10E‘ ; 3
1E _; 10j
L)1(2);_1 o 1} H_, Lk
W T 3
s o - = w0 1
S e M By 0 0204 06 08 1 12 1.4 1.6 1.8 2
M.+ = H + Missing E; [GeV] %
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500

applies to
250

®m Exclude up to ~ 1 TeV for m(squark) =

0 < m, ;< 200 GeV

q—qx,
g—qqx)

m(gluino)

Squark-gluino-neutralino model (m __ =0 GeV)
;‘ 2000 L L L l[ L ' : LI ' 1 il re'iminary
8 : :0 lepton 2011 combined
— 1750 ' i mem CL, Observed 95% C.L. limit
N [ :
% |' ----- CL, median expected limit CMS-SUS-11-003
1 P °
5 P A} G oxp imitees, 09% CL CMS preliminary o j Ldt = 1.1 fbr i \f§ 7TeV
= AV . i——2010data PCL 95% C.L. limit < ¥ ' —
S A\ * ; . % I 95%CL Limits: — CL. - CDF £17, onfet «
o L =104, \s=7 TeV | —— = Observed Limit (NLO), PL S D0 §,§, tanfied, <0
? 1250 g - ciaiee Median Expected Limit + 10, PL - LEP2 i, .
o s = Observed Limit (NLO), FC, 35pb ) wep2 7 s
RIEY “ € ]
=)
cc -
o tanf =10,A =0,u>0 \
750 = i

400

Lolllll

lLl

:10pb

Osusy

lllLJ

2 q

0o 250 500 750 1000; 1250 1500 1750 2000 o R0 IS 1500m (Ge‘\ggoo
1075 gluino mass [GeV] 0
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® What if gluinos decay
preferentially to 3" generation?

®m Consider several pheno.

scenarii, such as:
Assume m(@) > m(t;) > m(%,*) > m(¥,") 3
(and everything else heavier)

-.‘_>1 b-Jet Ldt= 103" Ns = 7 TeV
EMET > 180 GeV

Events / 100 GeV
S S
—
—
7
—D
~
>
w
°
o
E
=
w
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' T
1 =) .8
N e =
CHRR00 ! -3
22byiigeeg
L ! 5 = o
o
=1
o
w
o
&
o
—
mu] |||||u|| |||n|‘ |||||||l ||||||‘ L

N 205 a00 800 800 1000 1200 1400 1600 1800 2000
Consider only the following decays: ‘«)“ M (GeV

G-Q + -t production, g —» L+l t - De) | Lot = 1.031b "\ 85«7 TeV
lard P ~i ;‘ Goobllivlrlillrvvil LB BLELELALE SRR BLELELNLE BLALEL BN DL ELILE BLR Y
—_— t —> v - e CL Observed imit
1 ’ 1 1 O 550 ATLAS Preliminary ... CL, expected limit =
[ - Expected CL_limit +to 3
é-* 500 - 1-epion, 4 jets — Observed ATLAS (35 pb) o
b— By w—

and y;' — W* y;' R :
® Complex final states with O s %

: Y.t : | -

. 350 - ,\\o\" . ; . =

lepton(s) and b-jets g
250 - e 3 3

= Limit on gluino mass: ol Al

. 150 b=~ R, T N S L' , N J.{..‘g 1_3
m(g | u l no) > 500 Gev at 950/0 C . L - / 30(;4 350 400 450 500 550 600 650 700 m?f)[OGeei)O
ATL-CONF-2011-098 °
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4. SUSY: diphoton + jet + Missing E

vvvvvvvvvvvvvvvvvvvvvv

CMS Preliminary \/s = 7 TeV, I Ldt =114 "

1+ Jot Requirement

—ao— 1y Candidate Sample

( | Total Background Uncertainty
( QcD

® Gauge-Mediated SUSY Breaking:
- LSP = Gravitino

Number of Events / GeV

. . oy S

- NLSP = Neutralino (and Chargino) o T
| 2 photons, 21 jet -
- NLSP — LSP + Photon orWor Z ) , g
¥ R E

NLSP type v + 3 jets + ET*° 7Y + jet + ET' _

Bino jets + ,\'?,\'? —>jets+ v+ Z + GG jets + ,\"?,\'? — jets + 7y + GG - 72222 G ?:.
o PSRN Wt S S W Lo oo i i ' ! "

jets+ X3x; — jets+ 7+ Z + GG
jets + X1xX; — jets + ¥ + W* + GG

~() =0

jets + X1x] — jets + 7y + GG

Wino

40 60 o 80 100 120 140

N Er [GeV]

\ <~ 2000777777774 \‘6 -
0O y CMS Preliminary
0 + %, is=7TeV det=1 140"
m(x1 ) - m(x1 ) (;9, bino-like, m:.-375 (GoVIc;') |
CO' NLSP'S 2,0)1 500” Observed, NLO
m Consider both final states: ool
- Diphoton |
- Single photon (next slide) SOO?— -
500 1000 1500 2000
M, (GeV/c?)
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Supersymmetry: Summary

m SUSY in its most hoped for incarnation is starting to be in
trouble
- Of course we will continue looking and increasing our reach

s What if SUSY were hiding? (e.g. no Missing E;)

- “Split’, “low-MET", "squashed”, "mashed?”

- Even if very soft cascade at tree level, Initial State Radiation still
creates MET, but this needs to be studied further

= With >1 fb’, other SUSY prod. mechanisms open up —
exclusive chargino/neutralino and 3" generation production

Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011 21
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® Randall-Sundrum KK
graviton excitation

® Neutral heavy gauge boson
® Technihadron

:Y"‘."[ 1T l’] = % Y] T T Y"'I"Y T T T1 A R Y] T
2 10°f , : =
L) *' CMS preliminary N\s =7 TeV Ldt=111fb
m -

.
E ' | z2/ ¥

‘e Yy'—=e e’
$10°
w - tt + other prompt leptons

—

jots (data)

-
o

1

10"

’ lil l‘hmlnh it

10-3Lxl11LJJ1111
200 400 600 800 1000 1200

CMS-EX0-11-019 m(ee) [GeV]

1072

T TTTTI lIHnI" AL
!

Events

ATLAS

\s=7TeV

80 100 200

arXiv:1108.1582

ILdt: 1.21fb"

500

m(p*p) [GeV]

™

e Data 2011
@2y
[CJDiboson
O
B W-+Jets
CJQcD
(C1Z'(1000 GeV)
[1Z'(1250 GeV)
(1Z'(1500 GeV)

1000 2000
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Search for Heavy Resonance: Dijet

m(jet-jet) = 4.0 TeV Missing E; = 100 GeV

Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011
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o C @ oAV EeS0Na = ) S 6 Jllepto
=
> 8 B ATLAS Preliminary det 1.6 fb * Data
® Predicted by many models S 1t e s
: o — H* (150 GeV)
® Very clean signature I =12 a0
® |nclusive, model-independent Ef

search: ‘
Fiducial cross-section limit as o

LB ERRLLL

function of m(utut) §’ 2o L e
Mass range [GeV] 9.5% C.L. !lm't on °o 1oo 150200 280 300 350
dimuon pair o [fb] L m(H_u_)_[.Gﬁm , :
expected | observed 3 ‘}T:f e s
my, > 15GeV | 341%¢7 T 304 2 o
my > 100 GeV | 48+ 28 e f
-
myy > 200 GeV | 12.6%3 8.5 |
E (1 )>20 GeV,p_(1 )>10 GeV
My > 300 GeV | 7.0%23 5.0 .
>115 >1100 >2L00 >3100
ATL-CONF-2011-126 m(ptut) [GeV] Dimecr Mase 0oV
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® [nclusive search: sum energy of
all objects (e, u, jets)

® Can also select peculiar events,
e.g. same-sign dilepton with
very large track multiplicity

=y
3
i
| —
éI

Excluded
H
(o))

44

4.2 BlackMax

S < e
.................... T
'\\ CMS Preliminary

TTae (s=7TeV, 1.09 fb”

° Non-Rotating
| ...4--- Rotating -
: |
2 PRI SR @] 2 2.5 3 3.5
ATL-CONF-2011-06 O 10°F e Daa y M, (TeV)
2 . | ATLAS Prelfninary '~ [~=Daa T 8 i ﬁiii?:?;’ Mu|ti-object
g’ 10° g - Standard Modog - 103 ---------- My=15TeV, MI"=45TeV,n=6 |
o \8=7 Tev.f [dt=31pb |77 u+take 3 = : My =20TeV, M"=40TeV,n=4 |
1 g N e M= 25TeV MI'=35TeV,n=2 3
bb @ L e, R ,
10 -eaM,=3TeV 3 Lﬁ 10° E At IeaSt 6 ObJeCtS éj CMS-EX0O-11-071

h Same-sign dimuon 10 '
1 . :‘:—"-_-‘.-‘_-- _51 P TR MR Neniaisey . 1 :
: 3 L
z 1 - CMS Preliminary =
10" T (0L V8 =7TeV, 1.09 1" 4
. 2 VU PETTE P PEOE PE DU BT E . | T . R 3 B | 1o bk el SN 1113
i il el il 2000 2500 3000 3500 4000
# high-pT Tracks  nrracks Total Trans. Ener§y(GeV)
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Stopped Gluinos and Stops

® Qut-of-time decay of heavy particles stopped in the detector
® | ook for signal without collisions:

- When no beam in the machine CMS-EX0-11-020
~ Between bunch trains Too short-lived Too long-lived to
-— — — - — to be out-of-time ~ Nave decayed yet
100 ns 1 month
~3
Gap g C!;S Pr:Ilmln;W 20:1 - %:C.?Uml;: S
_O0ne_dbobitemal 424_14 460 T20pittN L= 38pb' 0 = [Lon=ssep - Expected: Counting Exp
CMS Preliminary 2011 ¥ cs:igr?aloggl: & = 15is) l Lo =1.3x10" em?s" E:;’Z:ZZ’;: Z::::Zi:‘;
Lifetime = 1 ps e BC QR e 4

10

o(pp —1t) x BR(t — t

0 500 1000 1500 2000 2500 ~ 3000 3500 < .
Bunch Crossing # ®* 13 orders of magnitude!
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ATLAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

g 1 d lll | 1 | | II |
G =g mass
0 . ATLAS

gqm";::s Preliminary

g mass (for m(b) < 600 GeV)

g mass (for m(y, ) < 80 GeV) deI =(0.031 - 1.60) b’
q mass

d mass \{§ =7 TeV

g mass

MSUGRA/CMSSM : 0-lep +E, ..
Simplified model (light x:) :0-lep +E, ...
Simplified model (light 1 ‘) :0dep+E, ...
Simplified modoz (lighty ): O-lep + E, .,
Simpl. mod. (light 7 ) : O-lep + b-jets +E,
Simpl. mod. (G—Mi‘) :1-lep + b-jets +E, .
Pheno-MSSM (ligh_g nk 2-lep SS+E, ...
Pheno-MSSM (light 7 ) : 2-lep OS__+E, ..
GMSB (GGM) + Simpl. model : 7/ +E
GMSB : stable T
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
RPV (4,,,=0.01,4,,.=0.01) : high-mass ey
Large ED (ADD) : monojet
UED:yy+E Sl

RS withk/M, =0.1:m,,
RS withk/M, =0.1:m,
RS withg lg=020:H +E,
Quantum black hole (QBH) : m .., F(x)
QBH : High-mass o, ,
ADD BH (M /M =3) : multijet Zpr.N‘m
ADD BH (M, /M ,=3) : SSdimuonN,_, .
gqqq contact interaction : F (m )
qquu contact interaction :mw Lo42pb" 2010) [arkiv-1104.4388]
SSM:im,, . [E0sena " @00 aev:i10815e2 18y Z' mass
SSM :m, . | Go0sei® @0t (sote1100.1510) 2y W' mass
Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj 1 gen. LQ mass
Scalar LQ pairs (f$=1) : kin. vars. in pujj, uvjj 2™ gen. LQ mass
4" generation : coll. mass in Q Q,— WqWq Q, mass
4" generation : d 4, - WHWt (2-lep SS) d, mass
Tfm i+ AA,:1-lep+jets +E T mass
Major. neutr. (LRSM, no mixing) : 2-lep + jets
MaLo'r,. neutr. (LRSM, no mixing) : 2-lep + jets
v (DY prod., BR(H —uu)=1):m
u (Mke-aign)
Excited quarrxs T e
Axigluons :m,,
Color octet scalar : m,

SUSY

g mass

M, (5=2)
Compact. scale 1/R

Graviton mass

Graviton mass

KK gluon mass

M, (6=6)

Extra dimensions

MD
M, (6=6)
M, (6=6)
-1 il 28 A
sy A

A

LQZ’'/wWCt |

N mass (m(WR) =1TeV)
W, mass (230 < m(N) < 700 GeV)

Other

H." mass
Q" mass
Axigluon mass

Scalar resonance mass
1 1 | I S B |

10" 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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Unfortunately, no hint of New Physics in the LHC data (yet)

Gauge bosons (SSM) 2 TeV

Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011 49
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ANY HINTS OF
NEW PHYSICS FROM
- FLSEWHERE?

eeeeeeeeeeeeeeeeeeeeeee



Top-quark asymmetry

Forward-Backward Top Asymmetry, %

e p— * In tt rest frame: AMC@NLO=( 05+0.006
m,, < 450 GeV ACDF=0,]15+0.05
—e—t AP°=0,196+0.065
DO, 541" 7.814.8 X NLO OCD+EW
* Theory has drifted; AN-©Q =0.089 Hollik, Pagani 201 |
b ¥ .
COF, 5.3 1b" 2.2:43 * Small conflict in m.. dependence of asymmetry
m;>450GeV |  Great effort expended in checking QCD stability against higher-
08,54%" || 115160 order soft gluon corrections, acceptance effects, additional hard
: radiation; none found (but note that “NLO” here really means
COF, 5.31b" a2 “LO”, asymmetry only generated with a loop/extra emission!)
JHEP 06, 029 (2006
L e . Kuhn, Rodrigo; Dittmaier, Uwer, Weinzierl; Almeida, Sterman, Vogelsang; Ahrens,
-10 0 10 20 30 Ferroglia, Neubert, Pecjak, Yang; Melnikov, Schulze; Bernreuther, Si; Bevilacqua, Czakon,
van Hammeren, Papadopoulos, Worek; Kidonakis; many others
(2]
€ D@, 5.4 fb" [ tT MC@NLO
& soof- (a) Wejets
700 I Multijet -
o « Data *Recent DO results indicate that pe
500 not well-described by MC@NLO
:x *Asymmetry depends on pe
200 *Stay tuned!
100 & ‘
20 30 40 50 60 70 80 90 100 .
C Reconstructed {7 transverse momentum [GeV] Lepton-Photon 201 | F. Petriello
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h r i : ',;1.., f
L ket

Tevatron top

anti-top - __ N(Aly|>0)—N(Aly|<0)
N(Aly[>0)+N(Aly|<0)

= |ye| — lyz|  Alnl = Im| — Ing
~ ATLAS-CONF-2011-106 CMSTOP-11-014

ll'llll lllll'lllll]llll

: CMS Prelimlnary o= Dala E
- 1.09fb"at\s =7 TeV #%= NLO prediction =
. - Ac- -0.016 = 0.030 5

'_IllllllllIlll'llll'llll[llll
| ATLAS Preliminary e+=4jets btag

£
£
S
=
2

CMS AL = —1.6 £3.0(stat) " g(syst)%  Aé(theory)= 1.3 %
ATLAS A} = —2.4 4 1.6(stat) £2.3(syst)% Aé(theory)= 0.6 %
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Wijj at CDF

Now a 4.10 excess! *Possible SM explanation: CDF takes single top from Monte

. Carlo, which currently doesn’t match SM prediction (problems
- in separate 2 and 3 jet exclusive samples) Menon, Sullivan 201 |

e Bkg SubData (730"

——— Gaussian

*Single top produces kinematic peaks where observed at CDF

| d) . *No single-top discrepancy at DO; lack of Wijj excess was
' predicted as a result of this explanation

Events/(8 GeV/c?)

- eAlso possible: slight shifts in relative normalizations of WW,
top backgrounds Plehn, Takeuchi 201 |

rr 25
100 200 o o
M, [GeV/c?) B ST
Nothing at DO (or yet at LHC) =
":{) m DQ. 4-3 fb | . Data - Bkgd > l" B o
> E o —— Bkgd £ 1 sd. & from
S 250 © B Diboson % :
= : BTy = 10 Sullivan,
= 200L e Gaussian (4 pb) ‘ - 10 k 201 .
- : M, = 145 GeVic’ ;- DPF 201 |
= 150-
,? 1 5L d
=100 P(x’) = 0.526 =
50~
. ol sl e e s © me iy b R, =
50)- ! | 0 300
SHTT50 0010 200 250 30
Dijet Mass [GeV/c’] Lepton-rnoton <vi I . retriello
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CDF vs D@ data-data

Scaling subtracted data to same diboson yield.
Rebinned CDF to match D@.

2 200 = = 2 e =]
5 - —*— (DFdata43fb -
= —  CDF WW+WZ -

5 : | +DO data -
< 100 % : =
50— t -

| \j:

Lepton Photon, Mumbai,
23-08-

llllll

A 1 A A : A A A A A
100 200 300
M, [GeV/c?

2011 A. Annovi - BSM at the Tevatron

comparison

Consistency between
CDF and DZero: ~2.50

Subtracted data points
compare well,

except in the region of interest.

27
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Inclusive jet cross section

CRicago

P,to>1TeV, |yl to 4.4
Cross sections vary by 1010
over the p, range measured

ATLAS

1
1

Major effort to measure
detector calibration lies
behind these measurements

Both expts. compare with

NLOJET++ ® NP effects

Pdfs (baseline)
+ ATLAS: CTEQ6.6
» CMS: PDF4LHC

|

11
:

++

+4+
¢

¢
¢+

+
§

++
t
‘é
!

¢+
§
i
7
§
$

+'I

t
+'I

btteted
4
+*

"ii.

| NLO pQC0 ICTRG 6 8 =

Noe pert coe
4 ll‘

B
ATLAS Prolimina

LA AL
yi«03x lJﬂ
03<yl<08p 1M
0B<ylc12 lﬁ
12<)l<2t i« 109
FARY AET A 1R
2B«<Yl«<36
A6 <yl< 44 109

«ab»0OmO0w

;
§ 3

‘+

‘4

10°

yovy ATLASPrdimimry

Ratio wt CTEQ 66

|

> » 0O 8 O

cms L=3apt’ CMS  G=7Tev
o lyl<0.5 (x3125)
0.5<lyl<1 (x625
1<lyl<1.5 (x125)
1.5<lyl<2 (x25)
24yi<2.5 (x5)

2.5<lyl<3

10°

10*

10°E

10°F _ NLOeNP

10 (PDF4LHC)

1F [ Exp. uncertainty

107k Anti-k; R=0.5 1

20 30 100 200 1000
p, (GeV)

= r Ay
S 5
~ 3
v 3
()] -
a i
o =
- -
® -
9 =
B E
£ E
: s

1000

CMS
August 22, 2011 J. Pilcher
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W Charge Asymmetry

%

« Combination covers huge kinematic range

6 a. [t ) el B st ¢ N 2 AR PR
10 — — . TL L
LHCb |19<y<49 g 0.3 - \s=7 TeV : A AS+CI;I: :}"mggf;—:
10} TGPDs ! ] <2.5 E .
LT 5 02 ol > 20 GeV =
< T -
@ E ]
3 2 pp = =
g *8'_ E @+ ATLAS (extrapolated data) 35 pb ' E
8 -0.1 =+ cms3spb’ =
- ®  LHCb36pb’ 2]
0.2 MSTWO08 prediction (MC@NLO, 90% C.L.) ]
i = %4444 CTEQS66 prediction (MC@NLO, 90% C.L.) i
B %% HERA1.0 prediction (MC@NLO, 90% C.L.) =
-0.3’—1’ FERn S ) l y g das sl s sty sl l L 811 l B W
0 05 1 D 2 28 3 39 4
107 10° 10° 10*
Lepton Pseudorapidity |1
ATLAS-CONF-2011-129
LHCb-CONF-2011-039
CMS-EWK-10-006 (arXiv:1103.3407)
23 Aua. 2011 Lepnton Photon XXV — Matthias Mozer 36
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i W Charge Asymmetry

Q® = M, Ratio to NNPDF2.1

1.3
D NNPDF2.1

. NNPDF2.2

10° 3
LHCb [19<y<49
10°F 'GPDs | |y] < 2.5
1wl ZW—0——»
0.85- A A AJLAL r SendndadlLl l. A el AL ALL AAAAAAA-‘
g 10 F 10° 10 w0 10° 10
3 | Percentage uncertainty reduction |
o 10? |
o
w}lp v
10"
10" Fixed target
TR TITY B SEEETIT B TTT 1 W ETTT S w Iy
1w wt w wt w9 w 10°
X
': : 1 1111 . I O BN T R W 1 | T N E T |
'4150* 10° 10% 10"
X
arXiv:1108.1758
23 Aug. 2011 Lepton Photon XXV — Matthias Mozer 37
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A possible scenario for Lepton Photon 2013

| 1 1 L| ] 1 1 L 1 I 1 I | S | [ 1 1 | 1 ] ] || 1 | [P
80.70 __experimental errors: LEP2/Tevatron (today) _
i 68% CL i
[ =— 95% CL :
80.60 — o
- ]
= - : AM =0.7 GeV
© 80.50 - o MSSM / :
O - e AMW =15 MeV
2 ] i
= -
80.40 — aot-
80.30 =
§ both models [T Higgs discovery at
80.20 99 Y
3 : Heilnemeyer. Hollik, lStockinger. Webler. Weiglein '"10~ alar ge mass
160 165 170 {7 180 185
m, [GeV]
Jan Stark Precision EW studies, Lepton Photon 2011, Mumbai 7
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W mass: DO projections

With 1 fb™* uncertainties are mainly statistical (including 'systematics' from limited data

control samples). Let's extrapolate:

source of uncertainties | 1fb-1 |6fb-1 |10fb-1

___________________ S — At end of Run Il, expect total uncertainty
“““““““ T=°=°F==="°F="""T  on W mass of 16 MeV from D@ alone.
— ol Expect similar performance from CDF,
e e --- and combined error of 12 MeV.

e This legacy measurement will be in the
Electron energy scale 34 14 11 textbooks for decades to come.

Electron resolution 2 2 2

Electron energy offset 4 3 2

Electron energy loss a4 3 2

m:mds § "; § Could be an important contribution to getting
Backgrounds 2 2 2 the standard model into trouble

Total Bxp.systematics | 35 | 16 | 13 in the near future:

iy with ém = 15 MeV, sm = 1 GeV

PDF 9 6 a i .

o (i - 2 . and m = 80.400 GeV :

- 2] =] & m, =713 GeV <117GeV @ 95% cl
Total Theory 12 8 5

(P. Renton, ICHEP 2008)

Total syst+theory 37 18 14

(if theory unchanged) 20 17
Grand total 44 21 16

Jan Stark Precision EW studies, Lepton Photon 2011, Mumbai 11
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CRIEIES

W+b =

—

e Important background for many studies (Higgs, SUSY, top)
e Measurements at the Tevatron exceed NLO prediction by 2.90
e Measured by ATLAS using 2010 data sample

m studied W+ 1 jetand W + 2 jets
m b tagging similar to Z + b case

tttttttttttttttttttttttttttttt

3 ;e:; 3 - Wb ] -
3 e : =R : Results from e and p combined.
E — : — ; Measurements ~1.50 above NLO
® . al . .
& E Soge Rop & ) gl T 5 prediction.
W—ev [Lat-3s’ |[EET Largest effect in 2-jet channel.
) 201 T T ]
Secondary Vertex Mass [GeV] % . ATLAS Preliminary Data 2010,\Js=7 TeV -
e —k— Secam Cawvw! > Bty
E 13 e R = [ L
- je Muon + 2 Jet =z‘b 4 ” - — NOuN | E
1= " E - e ALPGEN + JNNEY - Sam M a0 P -
§ 13 o R e | ]
: £ Snge Top 4 % 10(- B
W_’uv -mtm i: B 7|
_[Lm-aspb‘ 4 . { + } Al
ESE TR,
Secondary Vertex Mass [GeV) Secondary Verex Mass [GeV] 0'— ------- : " -
: . 1) 2t 142
W+1 jet W+ 2 jet 2 ” o
August 22, 2011 17 J. Pilcher
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ATLAS: Leptons -

*Include both muon and electron channels; untagged
*Make use of kinematical differences between ttbar ad W+jets

S e ., ATLAS-CONF-2011

3 Jets ATLAS Prelumlnary . Data 2011 J‘ 7TeV 570 fb 1 ’

L dt=0.70 fb~' W tt B QCD Multijet
I 0 W+Jets B Other EW
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400 a8

T lll|m|nF|

u + Jets
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3 Jets e + Jets
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e
—
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1.5

1.0 k ittt ﬁf{h‘*fﬁﬂ‘;ﬁptdfq‘»“’wc’vﬂ ;’*‘*“u!“;‘ﬂ‘j}ﬂi*ﬂ“mﬂf* Y o
05| . ‘ ‘ ‘ . 7% precision!!

20 40 60 80 100 August 2011
Likelihood Discriminant

o = 179.0£3.9 (stat)£9.0 (syst)+£6.6 (lumi) pb

Ratio Data/Fit
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Electron

August 22, 2011

Jet Mass and Substructure
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zn Hadccc)jn. ic top
hadronic top | 8¢ ) candidate
candidate '?, Y
= Er = 356 GeV

Three R=0.4 jets
or
One R=1 jet
M =197 GeV
Jd;, = 110 GeV

leptonic top ¢ -
candidate . “®°

S ATLAS

i
A EXPERIMENT

-

Date: 2010-10-11 235742 CEST

J. Pilcher
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The NLO revolution

~ v L ]
;. , ‘f
v A v

The NLO revolution

*Incredible recent progress;

jj can now provide NLO for
v 2—4,5 processes at the LHC

v T Yp——
1980 1985 1990 1995 2000

=l !
2005% 2010

Cachazo, Feng 2004; building

Enormous activity!

QCD Predictions for the LHC

-—

- |\ '/ preens s
" .I.‘ pare . v . "’ . .\ l - '. /_ \ .l
M =2 + b /)\ a2 R g

¢ Extract coefficients of box integrals with quadruple cuts for complex momenta (Britto,

on Bern, Dixon, Kosower |1990s

¢ Efficient methods for using triple, double, single cuts to isolate coefficients of lower-point
master integrals (Ossola, Papadopoulos, Pittau [OPP] 2006)

¢ D-dimensional unitarity, bootstrap techniques for obtaining rational parts of amplitudes
(Giele, Kunszt, Melnikov 2006; Berger, Bern, Dixon, Forde, Kosower 2005-2007)

Anastasiou,Andersen, Badger, Becker, Bevilacqua, Bredenstein, Berger, Bern, Binoth, Britto, Cachazo,
Campbell, Caola, Cullen, Czakon, Dawson, Denner, Diana, Dittmaier, Dixon, Draggiotis, Ellis, Febres-
Cordero, Feng, Forde, Giele, Gleisberg, Greiner, Guffanti, Guillet, van Hameren, Heinrich, Hoeche,

Kallweit, Kleinschmidt, Karg, Kauver, Kosower, Kunszt, Ita, Jaeger, Lazopoulos, Maitre, Mastrolia, Melia,
Melnikov, Oleari, Ossola, Ozeren, Pilon, Pittau, Papadopoulos, Pozzorini, Reiter, Reuschle, Reuter, Rodgers,
Rontsch, Sanguinetti, Schmacher, Schumann, Tramontano, Weinzierl, Winter,Worek, Zanderighi, Zeppenfeld ...

Lepton-Photon 201 | F. Petriello

DL
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W/Z+4 jets

*Calculations of such complexity, it was unthinkable only a few years ago

. . WP ; 0 10 150
1 ;’ \ .,_f-_,,v‘-. " 10 E.vvvv L g 4 Py Y
- !
o Y ¢
- e o
;,A Olla Q0. g a5y -
d 00000, 3 10°F
9008000700000, g 2 *Key background to
. £10°F | ss0er, w < SUSY searches
4 - e I~ L p
q AV AV, oy 4 ‘g f; > 206GV, 'l <25 I . .
e wov<i <or | | B omnememe ] ®DDrastic reduction of
10°F |2 = 05 [kl B NLO scale dependence . :
ey ::{n‘:{}::*:: ceeooe {:‘::}::::f scale varlat'on
I == LO/NLO : o -
b esemaIEatiEEa o Z[WHjets ratios stable
' e Wieacweg  Under LO—NLO change
osk W 1 | .
g O3F e 1O Z/W F o=
2 04l NLO: Z/ W’ 1
;O:L ._...clar
= : .'.‘...-|~- s B
N o2 3 .b ki
0l LL:I.;J»A_._JJ_LA_L_L_._LA_A_“_L_‘. A b el o s sl o al

50 100 150 50 100 150

Fist Jet p, [GeV]) Second Jet p, [GeV) BLACKHAT+SHERPA: Berger et al. 2010;
Ita, Bern, Dixon, Febres Cordero,

Kosower, Maitre 201 |

QCD Predictions for the LHC Lepton-Photon 201 | F. Petriello
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FUTURE PROJECTS
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Next decades

At the energy frontier through synergy of

hadron - hadron colliders
lepton - hadron colliders

lepton - lepton colliders
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L.HeC options: RR and I.R LH.C

CMS RR LHeC:
new ring in
LHC tunnel,

ith bypasses

LHC

2008 (27 km)

| LH(exXperiments
—- TT40 TT41
SPS »
neutrinos
ATLAS CNGS

2000 Cran Cacen

= RR LHeC
LR LHe P Q.o — - e-/e+ injector
recirculatiyg = BECHA 10 GeV,
linac with ISOLDE in. fillina ti
> 10 min. filling time

energy P F-.'d.-?.‘-.é‘.?é;
recovery, " = =
or Straight \ I ; \ 1959 (628 m)
. LINAC 2 4 ] CTl
l'nac neutrons » O +e

LINAC 3 f_ LEIR

) lons AR 2005 (78 m)

ECFA-EPS, Grenoble 19

Fr'ank'“fiizgit%%lr!mann, UPHUK4 Bodr'ur% %fO
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Determining Leptoquark Quantum Numbers

Single production gives access to quantum numbers:
- fermion number (below) - spin (decay angular distributions)
- chiral couplings (beam lepton polarisation asymmetry)

& Fermion number F from asymmetry in e+/e-p cross sections
& Much cleaner accessible in DIS
_a‘_m— U., (>0 for F=2

{<0 for F=0

9 q q 9
F=2 F-0
e e e e

Fermion number determination

A=

g +o,
e -

—
(=}
N
T

. 8}, Wptoquark, A =0.1 -

si_gnlﬂcanoe (o)

it m—— LHC, 300 1b”'
| ———  LHeC,E=70GeV, 10"
=== LMeC, E =70 GeV, 100 fo '

® LHoC E =140CeV, 110"
O LHeC E =140 GeV, 100"

- ———  LHeC,E=140GeV, 10"

0 — — : -y e U.Cl. I’s‘tn “Zl" ﬂa"J Y
s 12°°M“°° (;60\‘; 10 ™800 800 1000 1200 1400 1600
Lo (GeV) M, (GeV)
Studies for “low™ lumi assumptions for pp and ep 5
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Status and major issues of Linear Colliders

ILC CLIC
0.5 TeV upgradable to 1 TeV *+ extension in multi-TeV range
Mature SC-RF technology *  Novel scheme of Two Beam
(TESLA- Flash- XFEL) Acceleration (TBA): CTF1,2,3
CDR in 2007, TDR in 2012 + CDR in 2011, TDR in 2016?
Global Intern. collaboration & *  Multi-lateral Int. Collaboration of
organisation (GDE) 41 volunteer Institutes

Extremely fruitful collaboration between CLIC and ILC
Joint working groups on common issues with great synergies

Joint IWLC Workhop (18-22/10/2010 @ CERN)
Next Joint LCWS (26-30/09/2011 @ GRENADA/SPAIN)
http://www.ugr.es/~lcws11/index.php

Towards single Linear Collider community and....
Possibly future joined project based on Physics requests (LHC

results) and technology choice as best trade off between
wy2s, 2011 performance, Maturity, MSK, cost, etc.... 28
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HIBlGadient Acceigration ;
« High gradient acceleration requires high peak power and
structures that can sustain high fields

— Beams and lasers can be generated with high peak power
— Dielectrics and plasmas can withstand high fields

« Many paths towards high gradient acceleration

—

— RF source driven superconducting structures- N 40 MV/m
— RF source driven metallic structure- ﬂ'\a“d P /m

— Beam-driven metallic str "'0\09\65

— Laser-driven die’ \ec,\\“,.ures } 1 GV/m

— Beam = 40 NS uic structures

_ LaedV,
La RES¥.,cn plasmas } i

— Beam-driven plasmas

31
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The TeV Scale (far) beyond 2010

e \

’ nggs'?'?
| New Particles??

. New Symmetries?

(HL)-LHC
/ HE-LHC ?
ep =

‘ e'e-
High Precision QCD i h
High Density Matter i a; o
Substructure?? S ectlrgogssc’:.o. s
eq-Spectroscopy?? | P Pyt
L HeC . ILC/CLIC

35
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The TeV Scale (far) beyond 2010

/"‘-— ——
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ngh D M acD New Physics .
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The TeV Scale (far) beyond 2010

f ‘0““6 '\

" p\\\js\c ” r-’artlcles'??
ne New Symmetries?

(|-||.) -LHC
HE-LHC?.

ep X -

Great opportunltles ahead at the TeV scale

first window of opportunity for enabling decision
on the way forward around 2012 (7)

35
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Next decades

Road heyond Standard Model
-
At the energy frontier through synergy of

hadron - hadron colliders (LHC, HE-LHC?)
lepton - hadron colliders (LHeC ??)

lepton - lepton colliders (LC (ILC orCLIC) ?)

(u-collider ??7?)
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CONCLUSIONS

 No signs of nhew physics at the LHC yet
* What we'll find will guide the decisions for new projects

e Several hints at the Tevatron, but none of them are fully
convincing

* LHC experiments already cross-checking/constraining them
« Standard Model starting to be well measured at the LHC

* |n some cases better than ever

Lots of improvements in recent years to improve the theoretical
tools for the LHC
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