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2011 End of Year Summary

@ If we had looked at the events of 2011 as seen from CERN,
here would be the end of year summary:

@ May - AMSOZ2 in space.
@ June - ALPHA traps antihydrogen atoms for 71000 secs.

@ July - ASACUSA measures antiproton mass with
fractional precision of O(10-°)

@ August - First publication from CLOUD, showing we still
do not understand enough about the formation of clouds.

@ September - OPERA announces superluminal neutrinos.

® What about the news from the LHC?
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° http://www.zaytung.com/haberdetay.asp?newsid=8101
LHC In News Kamuoyunun Kiyamet
Beklentilerine Cevap
Veremeyen CERN'de

_Olaganiistii Genel Kurul
.Sesleri

® Since its start-up, LHC was all over the |
media. Just two examples: 2

-

oy & Kisa adiyla CERN olarak bilinen Avrupa

“‘- - *

@ One of the 20 cartoons that brought :?;-?_

. ; P - < ~_ Nukleer Arastirma Merkezi'ndeki Blyuk
M|k.e Kee{:e. OF Denver P(?S‘l‘ gIE 2011. ey e - Hadron Carpistiricisi'nda yapilan deneylerde
Pulitzer Prize for ediforial cartooning. - v : | bir tirlG dunyanin sonunun getirilememesi
' ’ ) kamuoyunun tepkisini cekerken, kurum
o As featured (01- |€d$1‘) three times on . : icinde de sert tartigsmalarin yagsanmasina

neden oluyor.
Zaytung news satire website... ’
Milyonlarca Euro harcanarak yapilan
deneyler sonucu ortaya c¢ikacak karadelik
veya kuramsal bir cisimcidin dinyamizi

=4

Avrupa Nikleer
Arastirma Organizasyonu
iCERN), Antin Kuntin

- \ N { slere Dinyanin Parasini
) o 2 . e A y » Harcayacaklarina,

~ Diinyada Bir Siirii Fakir
Insan Var, Onlar

Doyuracaklarini Acikladi

Avrupa Nukleer Arastirma Organizasyonu
(CERN), dUn aksam saatlerinde
Cenevre'deki merkezlerinde dizenlenen
basin toplantuisinda, kurum blnyesinde
halen sirdlrdlen ve maliyeti 1000 Euro'yu
asan tum galigmalarn sdresiz olarak
askiya aldigini duyurdu, Kararnn
alinmasinda, kamuoyunda hakim olan,
"Bunun gibi antin kuntin iglere milyariar
harcayacaklarnna, dinyada bir suru ag
insan var, onlan doyursunlar® yonUndekli
genel kanaatin etkili oldugu bildirildi.
devami...

=4

diiriist tarafsiz ahlaksiz haber

http://www.pulitzer.org/files/works_images/2011/keefe02. jpg

A http://zaytung.com/haberdetay.asp?newsid=94709
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CERN Deneyiyle Ilgili de Soyleyecek Iki Cift Lafi Olan Rasim [ -ty CANLI
Ozan Kiitahyali, Tam Olarak Kimi Serefsizlikle Suclayacagini 1
Bulmaya Calisiyor

Sike yasasindan Avrupa Birlidi'ne, Kibris sorunundan ABD’deki senato segimlerine, sualti hokeyinden ekici titi

piyasasina kadar her konu hakkinda fikir Uretebilen gazetecilik mesledinin 6nde gelen ismi Rasim Ozan Kitahyal,
Avrupa Nikleer Arastirmalar Merkezi (CERN) tarafindan Cenevre'de yapilan deneyle ilgili olarak heniz net bi

aciklama yapamamig olmanin sikintisini yasiyor. Deneyle ilgili olarak "Simdi ortada bi serefsizlik oldugu muhakkak
ama tam kim yapiyor o serefsizli§i onu daha bulamadim" diyen Kitahyali, atomalti parcaciklar konusunu bira

olsun gbzer gbzmez bu haysiyetsizlikleri yapanlardan 70 milyonun éniinde hesap soracadini ifade etti.

Canl telefon badlantisiyla katildigi bir televizyon programinda zaman zaman ofkesine yenik disen deneyimli
gazeteci, su zamana kadar her konu hakkinda en az 5000 vurusluk yazilar yazabildigini ve ekranda 2 ila 4 saat
arasi konusarak badira badira hesap sorabildigini hatirlatti. En son Van depremi ardindan “depreme karsi yapisal
glclendirme” ve “sike yasasinin TCK'yla gelisen yonleri” hakkinda iki haftada alti yazi yazdigini; bu sire zarfinda (
ayri televizyon programinda “Fatih Terim‘in Milan Baros tecihi” ile "Emre Bel6zoglu'nun kadro disi birakilmasi”
Uzerine yorum yaptidini belirten Kitahyali, CERN'deki o deneyin sorumlularindan da eninde sonunda hesa
soracadini, sadece birazcik zamana ihtiyac oldugunu vurgulad..

“Elle tutulur, gézle goriiliir bir sey degil de ondan”

“Allaha sikir sunca zamandir hakkinda konusmayacadim higbir konu olmadi. On bes dakikalik bir arastirmayla, iki
Ug arkadag sohbetiyle konuya vakif olabilen bir yapim var” diyen Kitahyali, sdyle devam etti:

"Yanlis anlasilmasin, CERN hakkinda da bilgim var. Onemli bir kurum olsa gerek. Bilimsel seyler yapiliyor. Orasi
net. Fizik, kuantum, zamanin gérecelili§i meseleleri ama iste gok elle tutulur bir seyleri yok. Ornedin sike diyorsun,
bir telefon kaydi cikiyor; Avrupa Birligi diyorsun binlerce sonug gikiyor Google'da; kimin serefsizlik yaptidi G¢ asadi
bes yukari belli oluyor lakin CERN’de olup bitenden bir halt anlamadik. Yoneticisi kim bunlarin? Senes Erzik'le bi
badlari var mi? Eyyamcilik yapiliyor mu? Tirkiye olarak biz ne kadar adirhidimizi koyabiliriz bu meseleye. Bunlari
dederlendirebilmem icin somut bir seyler olmasi ldzim. Her sey muglak...”

http://www.zaytung.com/haberdetay.asp?newsid=154355
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"News from LHC" covers 6 detectors & a large accelerator complex.
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LHCf

Measurement of zero degree single photon energy spectra for /s =7 TeV
proton-proton collisions at LHC ™

® Measuring differential x-sections

LHCf Collaboration

For neu'rral par.I-ICle PrOdUC+|On 01- 0. Adriani®®, L. Bonechi?, M. Bongi?, G. Castellini P, R. D'Alessandro®°, A. Faus™, K. Fukatsu ¢,
W 17 M. Haguenauerf, Y. Itow 9-¢, K. Kasahara$, K. Kawade ¢, D. Macina®, T. Mased, K. Masuda ¥,
Zero —deg rees. Y. Matsubara ¢, H. Menjo ¢, G. Mitsuka, Y. Muraki 9, M. Nakai 2, K. NodaJ, P. Papini?, A.-L. Perrot",

S. Ricciarini ¢, T. Sako %¢*, Y. Shimizu®, K. Suzuki, T. Suzuki®?, K. Taki¢, T. Tamura’, S. Torii¥,
A. Tricomil-¥, W.C. Turner', J. Velasco™, A. Viciani?, K. Yoshida™

@ Calori m €1'€ rS IOCG'I'ed 14om GWGY On 2 INFN Section of Florence, Italy

b University of Florence, italy

each side of ATLAS, at the P1 Physics Letters B 703 (2011) 128-134
intferaction point.

@ Essenftial in understanding the
development of the cosmic ray
showers in the atmosphere.

LHCf\ s=7TeV
Gamma-ray like
n > 10.94, Ap = 360

LHCf\ s=7TeV
Gamma-ray like
8.81<1 <899, A0=20

Events/N,_/GeV
Events/N_ /GeV

@ 2011 - first paper published =>

- p . o.umo.jm-o.uoounu‘ e . ) - o.nmo.]u-ou-om.:‘.'-o-
Photon x-sections. F = o g
@ Significant differences between UE T e i CE T e
data and all the available MC
codes.

o 10 x-sections in preparation.

@ 2012 plans: Run for ~6 days in 2012 e
for measurements in Pb-p collisions. 1000100000 A erayIGoV] Energy[GeV]
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1e0d and hae a vha navamontor +hat ie +ho vatin nf +ho voal and immaninarvv
7%, elastic scattering dominated by the exchange of one photon, thus called Coulomb region.
een 10-3 and 04 GeV2, hadronic region, single pomeron exchange.

pem—mratronic and Coulomb regions, interference region. See CERN-THESIS-2011-099.

First measurement of the total proton-proton cross-section

B B at the LHC energy of /s = 7 TeV
- THE TOTEM COLLABORATION
“ G. ANTCHEV® . P p— AN S(a . *1(“‘ : Ip——

@ Measuring p-p x-sections at the LHC, using et o
Roman po-l-s locafed ~220m away on each S|de '@ Institute of Physics of the Academy of Sciences of the Czech Republic - Praha, Czech Republic, EU
of CMS, at the P5 interaction point. EPL, 96 (2011) 2100

@ Silicon sensors in moveable beam-pipe
insertions. Can approach the beam cenfer

to a distance of 10 times transverse O, = 08.3 io.z(stat) i2.7(syst) +0.8](S)’stfromp)

mb
beam size. 02

@ 2011 - first measurement of the total x-
section published.

Ot (red), Oipe) (blue) and oy (green)
-+ pp (PDG) +  ALICE
* pp (PDG) e TOTEM
Auger +Glauber
ATLAS
CMS - —--11.4-1.52Ins + 0.130In2s

& Elastic measurement down to |t|
=2X102GeV? (/1 = 4-P-transfer)

best COMPETE oy fits

@ Exftrapolation using optical theorem.

Tiot s Tinel» and (e7] (mb)

@ Excellent agreement with predictions and
with the inelastic x-sections measured
by ATLAS & CMS.

@ 2012 plans: Up-to twice closer to the beam.
Improvements in beam optics could lead to
measurements down to |t|~10-3GeV? => Can
start probing p itself.

: . 8 "Similar goals with ALFA detectors at ATLAS”
LHC Review 2011, V.E.Ozcan
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& ALICE

@ pp data (few pb)

@ First inclusive J/W production cross
section in pp collisions at «/s= 2.76 TeV

o First J/W polarization measurement in

pp collisions at /s = 7 TeV ©

@ Final inclusive D meson production
cross section in pp at J/s = 7 TeV
@ First A*c signal in pp at J/s = 7 TeV
@ Pb-Pb data in 2011 (T140ub-!)
@ Twice the design luminosity

@ Significantly enhanced rare probe
statistics

@ Excellent detector and trigger
performances

& Goals for 2012
@ p-Pb (and Pb-p) data taking (30 nb)
@ Preparations for 2017/18 upgrade

LHC Review 2011, V.E.Ozcan
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< 1.4

OF PID Pb-Pb run 2011

N

u ALICE (Pb-Pb {Sy = 2.76 TeV), 2.5<y<4, p >0
1.2

a PHENIX (Au-Au {Sy = 0.2 TeV), 1.2<|y|<2.2, p >0
1 -

0 ] 8 I i
f
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% charmonia, but
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production takes place at
the phase boundary

— Enhanced production

at high energy
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deconfinement

"
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O ©
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0.2
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Measurements of charged particle spectra,
baryon/meson ratios, nuclear modification
factors of light and D mesons &
charmonia, eftc.
=> Behaviour of QGP at the LHC gives
important clues on QCD confinement and
chiral symmetry restoration.



Some Big Questions

\\\\\\\\

CMB, large-scale-structure,
type-IA supernovae, etc.

B-decays, decays of kaons
and B mesons

& Universe is: B g @ Gravity:

@ 23% dark matter @ Why so weak?

@ Where is it all? Why

@ 73% dark energy do we have just & Why is it so
~4 59 : matter everywhere? difficult to

o PP integrate with
matter QM?

What is the mechanism responsible for the mass of matter?

LHC Review 2011, V.E.Ozcan i
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Answers from SM => More Questions...

@ Within the SM itself and based on calculations on SM:

@ Naturalness problem: Mass of yet-to-be-discovered Higgs
boson diverges.

@ CP violation in SM not enough: Why more matter than
antimatter?

@ Completely absent from SM:
@ No unification of the 3 forces.
@ Also where is gravity?
@ Why three families?
@ Dark energy?

@ Arbitrary “input” parameters. Why is m>m ? Why M <m,-m ?
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Answers from SM => More Questions...
What to look for?

@ Within the SM itself and based on calculations on SM:

@ Naturalness problem: Mass of yet-to-be-discovered Higgs
boson diverges. Higgs? SUSY?

@ CP violation in SM not enough: Why more matter than
antimatter? Does CKM ftriangle close? New flavor?

@ Completely absent from SM:
Technicolor? E6? SUSY?

Test QCD.

@ No unification of the 3 forces.

@ Also where is gravity? Extra dimensions?
® Why three families? 4th generaﬂon?
)

Dark energy? Related to Higgs vacuum???

@ Arbitrary “input” parameters. Why is m>m ? Why M <m,-m ?

Are these particles fundamental?
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ATLAS and CMS

/ /
\//// Toroid magnets / (
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

@ The two general-purpose detectors at the
LHC. ©3000 collaborators each.
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ATLAS Detector

| EPICT70(2010)787
Inner Detector:

3 technologies (Pixel detectors, semiconductor
tracker & transition radiation tracker)

2T solenoidal magnetic field up to Inl<2.5
resolution ~ 4% for p;=100 GeV

Calorimeters: -

AN :
\:\ LAr hadronic end-cap and
", forward calorimeters

\
Pixel detector

Good granularity (transverse and longitudinal s W e / (e, ——
. n cham Solenoid net | Transition radiation fracker
sampling) and coverage (Inl<4.9) e e~ I

=> Good angular resolution
EM : Pb/Liquid Argon (both in Barrel and Endcap)

HAD : Fe/scintillation tiles (Barrel) - Cu/Liquid Argon (EC)
Forward (EM and HAD) : Cu/W - LAr

Non-compensating

Muon Spetrometer _

4 technologies (MDTs and CSCs as precision chambers, RPCs and TGCs as trigger chambers) in a
toroidal magnetic field in air => Resolution ~“10% for muon p; = 1 TeV (standalone measurement)

ofE =10 - 17%/NE ®0.7% (EM)
oE = 50%/E ®0.3% (HAD)

o/E = 1009%/VE ®10% (Forward)
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Detector Status

® ATLAS overall data

Inner Tracking Calormet . Setect v :
faki ng eFF. . 93 : 5 O/o Detectors alorimeters uon vetectors agnets
IO e | lon o) el i Pixel scT TRT o 0 L0 Tie MDT RPC CSC TGC Solenoid Toroid

data used for offline
analyses, better

o Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at
'|'h an 90 /o L \s=7 TeV between March 13t and October 30t (in %), after the summer 2011 reprocessing campaign

998 996 992 975 992 995 992 994 988 994 991 99.8

Average Live fraction of detector components 97%

® CMS overall data taking eff. :
= " o

® Overall fraction of data used

for offline analyses, better
than 90%.

Average fraction of operational channels (%

' Summary: Despite their amazing complexity, excellent performance & >5fb~! of data each!
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Step 1: Standard Candles

@ Thanks to LEP and Tevatron (and LHC
measurements from 2010), precise measurements
of gauge bosons and top quarks.

® Z bosons => Candle to calibrate measurements of
charged leptons

® W bosons => Candle to calibrate measurements
of neutrinos (missing transverse energy)

@ top quarks: BR(t->Wb)=1 => Can be used to
understand b-tagging

*?;tGeVJ

VALUE (GeV) _EVTS DOCUMENT ID COMMENT

91.1876+0.0021 OUR FIT

91.1852+0.0030 457M 1 ABBIENDI Eff = 88-94 GeV

01.1863+0.0028 408M 2 ABREU EES, VALUE (GeV) _EVTS DOCUMENT 1D TECN  COMMENT
91.1898+0.0031 3.96M 3 ACCIARRI gge 80.399x 0.023 OUR FIT _

01.1885+0 0031 457M  “ BARATE cee §0.401= 0.043 500k L aBazov 0048 D0 EEH =1.96 TeV

0.055+0.039 10.3k 2 ABDALLAH 08a DLPH EEE = 161-209 GeV
0.034+0.034 115k  3AALTONEN 07 CDF EPP =1.96 TeV
0.042+0031 11830  “ABBIENDI 06 OPAL E£E = 170-209 GeV
0.046£0.031 9909 3 ACHARD L3  EEE,= 161-209 GeV
0.043+0027 8692  OSCHAEL ALEP EEE = 161-209 GeV
0.084 49247 T ABAZOV Do EPP=18Tev

- 0.079 53841 8 AFFOLDER CDF _FPP— 12 Tav

LHC Review 2011, V.E.Ozcan
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From 2010

Z,u+MET candidate

Run Number: 167776, EventNumber: 129360643
Date: 2010-10-28, 10:41:18 CEST

Invariant mass of
muon pair = 94 GeV.

@ Missing fransverse
energy = 161 GeV.

@)
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7 TeV f Ldt

— B*=1.0m, <u>=11.6

— pB*=1.5m,<u>= 6.3
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Coping up with high lumi

CMS Preliminary 2011 —+— wi/o transparency correction Mean 1
\Js=7 TeV L=4. : RMS  0.001416

—+— W/ transparency correction |

@ In 2011 both ATLAS and CMS have
coped well with high pileup.

Relative E/p scale

@ Minor degradation in performance
(when it exists) is well modeled by
simulation.

24/08  23/09 23/10 0 20 40 60
date (day/month)

E/p stability in the CMS
ECAL using W->ev events

\"
—
)
S
=)

ATLAS Data 2010, \/s=7 TeV, ﬁ_dtz40 pb’

ATLAS Preliminary
Data 2011, \'s=7 TeV, JLdt =461’

Ggae=1.76£0.01 GeV
O =159+ 0.01GeV o\ i<2.47

Oyan=1.88+0.08 GeV ml<2.47
Gy =1.60£0.02 GeV ! e Data
— Fit
[ ]z—eeMC

Events / Ge
Events /1 GeV

— et ek
o N b
o O O
o O O

—-e—Data
— Fit result

O Z—eeMC ATLAS Preliminary —4- Data, <u>=15.1

— —4— Data, <u>=29.4

V19101010+0!8:0+0+9.¢
95 100 105 110
Mg [GeV]

100 105 110

n
X
(@]
©
|_
Is)
o
o)
e
=)
Me. [GeV] Z

1 coverage 2011 resolution (GeV) 2010 resolution (GeV)
| 1.76 + 0.01 | 1.88 +0.08
1.60 £ 0.01 1.62 £0.09

5 6 7 8 9 10 11 12 13 14
SCT Hits

number of SCT hits on track for two
different pile-up cases from ATLAS.

1.99 + 0.02 1.99 +0.22

Z->ee mass resolution from ATLAS

. |
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Sfep 2: Measuring SM [

CMS 2011 combination 166+ 2+11+ 8

TOP-11-024 (L=0.8-1.1/fb) (val. = stat. = syst. = lumi.)

. . CMS e/u+jets+bta : 164+ 312+ 7

@ Important in understanding the level of backgrounds. rop-1a00 (0w 1 ot -t st - o)

® Most important ones: Weak boson + jets, dibosons, single and pair o Copion (Geuen) Jozasle=8
production of top quarks. —

CMS all-hadronic 136 +20+40+ 8
TOP-11-007 (L=1.1/fb) (val. = stat. = syst. = lumi.)

———

@ Excellent performance. For example, better than 10% uncertainty |
. . CMS dilepton (ut) 149+24+26+ 9
| n 1-1- x—se C1- I O n TOP-11-006 (L=1.1/fb) (val. = stat. = syst. = lumi.)

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

@ Important in understanding (the implications of) QCD: underlying event, == gee
multiple interactions, jet production, etc. Measurements of (b-)jet x-
sections, di-jet mass spectra, etc. CMS PAS TOP-11-024

S Q
> <y*<44 (x10' o
= Systematic <y*<4.0 — Yy
.8_ uncertainties fy: < gg L oS 95%CL limit
DOU b le — < ;' : 25 § CMS measurement (stat®syst)
* 7 NLOJET++ <y*<20 -
A A 'é(:l (CT10, u=p_exp(0.3 y)) x <y'< }g theory prediction
A
differential g K% Non-pert. corr. Y205
°
. . S~ . . E
di-jet cross B ATLAS Preliminary "%hbesa
sections
measured

over a very
large range
of ml2 and anti-k, jets, R =0.6

I"Clpidi‘l'y (Y) \s=7TeV, [Ldt=37pb"

| H@40)
i : . L =727
EX®' > 30 GeV | E/>10GeV | L
<24 | AR(1)>0.7 ' '

Production Cross Section, o,

36 pb” C3epb’ 1 1Af 17t

JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-015
CMS-PAS-EWK-10-012

LHC Review 2011, V.E.Ozcan
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Revisiting Old Friends

® While measuring the SM particles, we also check for
unexpected surprises:

@ Best measurement of the top-antitop mass difference.
(CMS TOP-11-019).

Ammeasured — 1 20 4 1.21 (stat) £ 0.47 (syst) GeV

@ Could the fop quark be a quark with exotic charge?
Q=-4/3 hypothesis excluded at more than 50.

=5 | f' SM 0.234 +0.011 ATLAS-
: T A 55 Exotic | +0209+0011 CONF-2011-141
f Fromiar Measured —0.31 £ 0.07
=)
SM —0.082 + 0.020
Exotic +0.083 + 0.020
Measured —0.082 + 0.015

. p
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Step 3: Look for New Stuff

ATLAS Preliminary e Data 2011
%44 SM Total

[ top, W+hf

2-jet exclusive, m__ >0 GeV B z+h

|:| Others

----6300,>Z1)1ooeev

@ Outline of example analysis: search for
sbottoms.

fL dt ~2.05 " \Ns =7 TeV

Entries / 25 GeV

@ Pair production, then each decays to a b-
quark and the LSP.

@ Signature: 2 b-tagged jets + large

missing Er.
@ Require Pr(j1)>130 GeV, ET>130 GeV, ‘
P1(j2)>50 GeV. Veto events with additional ] 200 ...300,

high Pt objects.

@ Construct a discriminating variable, most
commonly some sort of mass variable that
relates fo the objects being search for.

5. production b— b'i-Sr'D
‘ o " CL, Expected Limit (35% C.L.)

e CL, Expected Limitz1¢
o Obtain background estimates in data oo zes L T IoNO e
control samples. For example events with

high PT leptons considered in this

ClnGIYSiS. .."..-"‘ ) poatSSOTIIIN

" ATLAS
J‘L dt=2.05f"Ns=7TeV

@ Compare background estimate with data.

@ Done with 2fb™! of early 2011 data.

_Reference point

ﬁ?—o [Ge\‘}‘]:’O
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Supersymmeftry

@ Naturalness / Hierarchy problem: Radiative
corrections to the Higgs mass are
divergent.

@ New supersymmeftric partners of
known particles to cancel contributions
from known particles.

& A new fermion for each boson, a new
boson for each fermion.

@ Gauge coupling unification (at percent
level)! Minimal

supersymmetric
extension of

@ Excellent dark matter candidate if R parity o SlERGETA Moiic
is conserved: Lightest supersymmetric
particle will be stable & weakly
Intferacting.

. 22
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

MSUGRA/CMSSM : O-lep +j's + E
MSUGRA/CMSSM : 1-lep +j's + E
MSUGRA/CMSSM : multijets + E

T ,miss

T ,miss

Simpl. mod. : O-lep +j's + E

T,miss

Simpl. mod. : O-lep +j's + E

T ,miss

Simpl. mod. : O-lep +j's + E

T,miss

Simpl. mod. : O-lep +j's + E

T,miss

Simpl. mod. : O-lep +j's + E

T,miss
Simpl. mod. @ aGx’) : 1-lep +J's + E s
Simpl. mod. : O-lep + b-jets +j's + E

T ,miss

Simpl. mod. ('g”atf)’(?) - 1-lep + b-jets +j's + E

T,miss

T ,miss

Simpl. mod. (6,— b;z?) -2 b-jets + E

Simpl. mod. (ZTZZ — 3 5{?) :2-lep SS + E
GMSB : 2-lep OSSF +E

T,miss
T,miss

GGM + Simpl. model :yy + E

T,miss

GMSB : stable T

AMSB : long-lived zf

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, m,=m,
RPV : high-mass eu

Bilinear RPV : 1-lep +j's + E

T ,miss

T TTT]
4 =g mass

ATLAS

q=gmass Preliminary

gmass (for m(q) = 2m(g))
JLdt =(0.03-2.0) fb

G=gmass (light%,)
Is=7TeV

qmass (m(g) <2 TeV, light %?)
Gmass (m(@) <2 TeV, light %)

Gmass (m(g) <2 TeV, m(%") < 200 GeV)
Gmass (m(@) <2 TeV, m(x,) <200 GeV)
g mass (m(x,) <200 GeV,Am(x", %) / Am@ ") > 1/2)
g mass (m(b) < 600 GeV, light,)

~0

g mass (m(x,) <80 GeV)

b mass (m (1)) <60 GeV)

Lm(x) +m(x,))

mass (corresp. to A < 35 TeV, tanp < 35)

if mass (light )Z?, m(l) =

mass (m(bino) > 50 GeV)
T mass
if mass (0.5 <r(if) <2ns)
g mass
b mass
T mass
sgluon mass (excl: mgg < 100 GeV, mgg= 140+ 3 GeV)
v, mass (4,,,=0.10, 4,,,=0.05)

g =gmass (cT, gp < 15 mm)

*Only a selection of the available results leading to mass limits shown
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More exotic stuff

I'SSMIl 1 Ms, yy, GRW, nED =2

I’w|
GKK Il k/M = 0.1 Ms, pp, GRW, nED = 2

GKKyyk/M=0.1 =) Ms, yy, GRW, nED = 6

GKKIlk/M=0.05 = Ms, pp, GRW, nED = 6
GKK yyk/M=0.05 =
a0 MD, monojet, nED =2

W' dijet £ v MD, monojet, nED = 6
RS ea
WR,MNR<10TeV | = b/ MD, mono-y, nED = 2 Exira

WoWz & Resonances Dimension
olC B MD, mono-y, nED = é

Mb’, b’ = tW, I+jets MBH, rotatfing, MD=3.5 TeV, nED = 2
MBH, non-rot, MD=1.5TeV, nED = é

Mt', t' = tZ (100%) string Ball M, MD=2.1, Ms=1.7, gs=0.4
4h Sinng Resonances
Eé diquarks

Mt', ' = bW (100%), I+jets _
Generation

Mi., tv - bw ('I(x)%)’ I+| MglUOﬂ/COI(xon
_ ‘ ‘ q* . dijet

gluino, HSCP ] i B
gluino, Stopped Gluino p A=2TeV

stop, HSCP C.. A, dijet mass (3 pb-1)

Heavy _
Cl.A,Xanal
stop, Stopped Gluino Long-Lived analysis

stau, HSCP o 1.2 3 4 5 6

5 6 Tev  95% C.L. Exclusion Limits on Masses

Grand unification, new bosons, new quarks, extra dimensions, micro-black holes, ...

. p
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Dec. 2011)
IIIIIII| 17T T T 111
Large ED (ADD) : monojet My (8=2)
Large ED (ADD) : diphoton Mg (GRW cut-off) ATLAS
UED :yy + ET'miss Compact. scale 1/R (SPS8) Preliminary
RS with k/M, = 0.1 :yy, ee, uu combined, mw,” Graviton mass
RS with k/Mp, = 0.1 : ZZ resonance, m,, Graviton mass J‘Ldt =(0.03-2.1) b
RS with gqquK/gS=-O.20 tHe + Ep s KK gluon mass is=7TeV
Quantum black hole (QBH) : my,, F(x) M, (5=6)
QBH : High-mass o, , My
ADD BH (M, /M =3) : multijet, zp_, Niess M, (8=6)
ADD BH (M, /Mp=3) : 8S dimuon, Ny, .. M, (8=6)
ADD BH (M., /My=3) : leptons + jets, ZpT M, (5=6)
qqqq contact interaction : Fx(mdiiet)

Extra dimensions

A (constructive int.)
L=1.1-1.2 fb” (2011) [arXiv:1108.1582] 1.83Tev| Z' mass
L=1.0 fb™ (2011) [arXiv:1108.1316] 215TeVv. W' mass
Scalar LQ pairs (B=1) : kin. vars. in egjj, evjj |L=1.01b" (2011) [Preliminary] ss0cev. 1° gen. LQ mass
Scalar LQ pairs (f=1) : kin. vars. in pujj, Wvjj |L=35pb™ (2010) [arXiv:1104.4481] a22Gev 2™ gen. LQ mass
4™ generation : coll. mass in Q4G4—> WqWq Q, mass
4™ generation : d434a WitWt (2-lep SS) d, mass
_ T mass (m(AO) <140 GeV)
Techni-hadrons : dilepton, Megyn p_/w; mass (m(pT/(oT) -m(n;) = 100 GeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 1 TeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets W 5 mass (230 <m(N) <700 GeV)
" (DY prod., BR(H*—up)=1):m
. L up (like-sign)
Excited quarks : y-jet resonance, m q* mass

yjet
Excited quarks : dijet resonance, m;, g* mass

Axigluons : my;., Axigluon mass
Color octet scalar : Mot Scalar resonance mass
Vector-like quark : CC, m Q mass (coupling k,q = v/mg)
Vector-like quark : NC, my Q mass (coupling kg = v/mg)
| L1 1 111 | | L1 1 111 | L1 1 111

1 10 10°
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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Step 4: Look for Something Familiar

LHC HIGGS XS WG 2010

—
Q

n
O
-—

©

—

(@)
g
-

(&

-

©

p —
o

500 1000 : 200 300 400 500
M, [GeV] M, [GeV]

@ Last piece of the SM: Higgs - need analyses in many channels as the
branching ratio to various final states depends on the Higgs mass.

. 26
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the Higgs

\s=7TeV 10° CMS Preliminary.\Js = 77eV, 46 b

o«
]

— Hig3s [300 GeV)
rJdets (Data)
Top/WW (Dsta)

B wz

B =z

#— Dilepton avents (Data)

CMS Praliminary
Ffs=7TeV,L=47M"
Zhwv)H(bD)

! 2 b-tag category
5/ CMS Preliminary 2011 « Data 10*

L, =470\ e=7TeV

Expected background
[ ] H(400 GeV)x 2
[ Z+jets

0 zzwzww

Events/1 GaV
Events [ 25.0 GeV

l:-

Events / (20 GeV)

Events / 10 GeV

02 0z

: 55 150 200 250 300350, 300 850 500 55!
BDT Output

700 800 50 100 150 200 250 300 350
Visible 212t Mass (GeV)

Mz [GeV] MET [GeV]
4.6 fbo' \Js=7 TeV

@ Many channels - each with
different backgrounds,

{ ey —— Observed
H Z—-1t

tt

different systematics, etc.

CMS Preliminary 2011 \Ns=7TeV L=4.72f"

CMS Preliminary

* DATA

B z+x
Bz

m, =350 GeV/c?

CMS preliminary *  Data
Vs=7TeVL=4.69fb" [ 2prompty
(] 1 prompt y 1 fake y
[ 2fakey
|:| Drell-Yan
(7] Hsyy (121 GeVic?) x10

—cota [l 2vjets  CMS prelminary
— mg~130 op L=46"

Events/10 GeV/c?

— m,=200 GeVic*
— m,=140 GeV/c*

Events / (2 GeV/c?)

H-> 4 lepton

[
o0 150 160 170 10 190
2
M, [GeVic] m,, (GeV/c?)
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So have we found it yet?

CMS Preliminary, \'s = 7 TeV | —— Observed

CMS Preliminary,\'s =7 TeV | —=— Observed Combined, L =4.6-4.7 fb” B Expected+ 16

= 4.6-4.7 fb! fsssss Expectedt 1o
Expected + 26
L0\ LEP excluded

Tevatron excluded

Expected +

10110 115 120 125 130 135 140 145 150 155 160

Higgs boson mass (GeV/c?)

300 400 500 600

. ATLAS Preliminary 2011 Data
2
Higgs boson mass (GeV/c) e Observed )
---- Expected Ldt=1.0-4.9 fb
A | B+io
® No, but both experiments see a sfrange excess. : [+26 \s=7TeV

@ Maximum local excess at the level of 2.60 and
3.60 for CMS and ATLAS, around 124 - 126 GeV.

@ Correcting for LEE, significance goes down to
1.90 and 2.30.

CLs Limits

110 115 120 125 130 135 140 145 150
M, [GeV]

® So we are unable to say there is no Higgs.
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LHCb (LHCcharm) to Rescue?

Integraled LHCDb Efficiency breakdown

-
-]

Efficiency (channels)
[ FuLLy on:90.7 %)

o mv0s¢%)

[ veLo satety: 0.9 (%)

B ora 40 %)

o
D

Integrated Luminosity (1/fb)

25107 24/08 23/09 2310 3 y ’ J ’ g g
84.00  86.00 X X 9400 96.00 98.00 100.00 g%

BB |C Mous | pen | Whamer | B
x10 B-factorigs NEWS scIENCE & ENVIRONMENT

Preliminary

s Avs Buops LutmAmercs MiZast US&Cansds 8 - HCP 2011
15 Novernber 2011 4 o 120 GMIT G O

LHC reveals hints of 'new physics' in

: 3 article deca
Tiny badkground zhm e e ys Zero CPV
L — erce ard ‘echnaogy reporter BT News R 5
m(K'K*) (MeV/c?)

S NS I, .

E: ’ " S NSNS T e e
LHCb - /A
Preliminary

—_—

LHCb result superimposgd

Large Madron Colider researchers have shown off what may be the 5@
faciiny’s Arst “sew physica™ culside cur current undentandiag of elated Stor

e Useverse ind
At rratier myvie
1880 1900 Partcies calind D-mescns seem 10 Secay sightly dflerenty fom Der geins ground

P
m(r'w*) (MeV/c?) Peparicies, LHC physcsl Matfew Charies told the HCP 2011 Selonss we o

& 3.50 effect! Acp(D - KTK~)—Acp(D 5 ntn™) = (—.82:t0.21:|:0.11)%
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Sorry, says Brod et al.

On the size of direct CP violation in singly Cabibbo-suppressed D decays

Joachim Brod,l’[ﬂ Alexander L. Kagan,l’ and Jure Zupa.n1=
! Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221, USA

The first experimental evidence for direct CP violation in charm-quark decays has recently been
presented by the LHCb collaboration in the difference between the D -+ K*K~ and D — n w~
time-integrated CP asymmetries. We estimate the size of the effects that can be expected within
the Standard Model and find that at leading order in 1/m, they are an order of magnitude smaller.
However, tree-level annihilation type amplitudes are known to be large experimentally. This implies
that certain formally 1/m. suppressed penguin amplitudes could plausibly account for the LHCb
measurement.

http://arxiv.org/pdf/1111.5000v2
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LHC Luminosity

@ So we have to keep on looking... => More datal!

Ni = bunch intensity
nb = number of bunches
o =colliding beam size

¢ = normalized emittance — beam property

B" = beta star - accelerator property

Nominal values:

€=3.5um N,=1.156x 10"
B* =0.55m n, = 2808

Y ~ 7000 for energy of 7 TeV
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Luminosity throughout 2011

Record peak lumi =
50 ns 3.65x10%° cm?®s.

1200 Increase of Nr. Bunches

-> 1380—"

1.5 mp*

1000

’ '... :o.
gl ° .

.i‘ 50 ns

. 50ns 1 mp*

¢ 1.5mp* 1380 bunches
* 1380 bunches

2 .
g
3
o
L)
3
E
3
<

Peak Luminosity 30 cm-2s-1

increase

bunch
intensity

................. E—

decrease 8
from injectors

> >
> >
&S
S

® Number of bunches  ® Peak luminosity
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Learning to work at high intensity

2011 LHC Efficiency: 689 Fills

- - . [ Access - No Beam Statistics for fills 1613 to 2302
201 1 LumanSIty PrOductlon [_] Machine - Setup Total Duration: 249 days, 16 h [13.03.11 to 18.11.11]
Beam In Time in Stable Beams: 56 days, 20 h
[] Ramp + Squeeze
[ Stable Beams

18.3 %

.,_.é‘_,_,_,!_’,rotohfl’_roton:\f; =77V oA |
All Experiments: L =12.517 fb"

LHC Efficiency: Last 10 fills

[T Access - No Beam Statistics for fills 2292 to 2302

[] Machine - Setup Total Duration: 5 days, 10 h [12.11.11 to 18.11.11]
Beam In Time in Stable Beams: 1 days, 16 h

[ ] Ramp + Squeeze
[] Stable Beams

-«
Q
L
2
?
o
=
£
3
r
>
~
o
®
E

.
oy
»

21.5%

lIIIIIIIIIIIIIIIIIIIIllllllll
W e e

26/03 25/04 25/05 24/06 24/07 23/08 22/09 22/10

@ UFOs are getfting less frequent. Single event upsets being
mitigated by shielding and relocation.

33
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pileup:
=9 for 25ns, "10£b-1 scenario

=27 for 50ns, 16fh-1 scenario

2012 Expectations

@ Bunch spacing: Keep 50ns

@ 25ns seem would be preferred to reduce pileup.
However limits due to the brightness from the
injectors => Lower integrated luminosity.

@ Predictions for total integrated lumi per experiment,
running through ~April to October 2012:

@ 9 fb”, assuming performance in October 2011.

@ 12 fb’l, with increased bunch intensity and smaller p*
(0.8-0.9m).

@ 16 fb!, with increased bunch intensity and smaller B*
(0.7-0.8m), thanks to beam energy increased to 4GeV.
Decision to be taken early in 2012.
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Conclusions

@ LHC ran well above expectations in 2011.

http://www.hurriyet.com.tr/planet/19526138.asp

@ A plethora of results: - 23 maik 2011 | A, A
; A.vrupa Niikleer Arastirma Me.rkezi.(.CERN)
@ No new physics beyond SM. | vardimsalan e bi porci hesteidarnl
acgl 1.

@ Too early to say we found Higgs & Hurriyet
either. . PLANET

Kesif, Cenevre yakinlarindaki Blylk Hadron Carpistiricisi'nda (BHC) ydritlilen ATLAS deneyinden

6 Like Cl bad TV Series, We Clre IQF"' elde edilen veriler kullanilarak yapildi.

13 Aralik'ta Cern bilimadamlari, parcaciklara kitlelerini verdigi disintlen ve "Higgs Boson" adh

Wi'l'h a CIiFFhanger a'l' 'I'he end OF 1'he atomalti parcacidinin izini bulduklarini ancak elde edilen verilerin kesif olarak nitelenemeyecedini
aciklamisgti.
season.

Chi_b (3P) olarak adlandirilan yeni pargacik, Higgs Boson'dan farkl olarak iki kisimdan olusuyor. "Alt
tanecik” diye bilinen temel pargacik ve bu pargacigin karsit tanecidi. Bu iki tanecik bir araya

@ E xcel Ien-l- undersfandi n g OF -l-he mac h i n e geldiginde atom cgekirdeklerini bir arada tutan glict olusturuyor.

Bilimadamlari, yeni pargacigin atomlarin igindeki gekirdekleri bir arada tutan giici anlamalarina

suggests that we will gef up to 3 times |riisiitulein

Parcacidin varhdini 6ngéren bilimadamlari, daha énce parcacidi gézleme sansi bulamamisti. Chi_b

mOre dCl"'Cl i n 201 2, POSSi b ly 01' h i g her (3P), BHC'nin buldugu ilk pargacik oldu.

ECM, Henliz resmi olarak yayimlanmayan kesfin, bilimadamlarinin elde ettikleri verileri yorumlamalarina
yardimci olarak Higgs Boson'u bulmalarini kolaylastirmasi bekleniyor.

@ Keep on watching us, as 2012 will be arXiv:1112.5154
the year of "Higgs or no Higgs” for sure. W g : . )
Teselli Ikramiyesi
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