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LHC and its experiments



The Large Hadron Collider
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LHC performance

Energy per beam (TeV) 3.5 4 7
Bunch spacing (ns) 50 50 25
Number of bunches 1380 1380 2808

Max intensity . . .
(protons /bunch) 1.45 x 10 1.7 x 10 1.15 x 10
RSN 37,10 | 77x10% | 1.0x 10%

(em2s’')
J6|u
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ATLAS, CMS and LHCb

22mx 15 m 20mx 13 m

Size
Weight 12500 ton 5600 ton
Coverage In|<5 2<n<5
Vertex resolution I 15 pm 15 um 7 Um

EM calo energy res. 1.2% @ 100 GeV | 0.4% @ 100 GeV | 1.4% @ 100 GeV

T T 6% @100GeV | 11% @ 100 GeV | 11% @ 100 GeV

Muon momentum res. 10% @ 1 TeV 5% @ 1 TeV 0.6% @ 100 GeV
Particle ID I e/m - e/n/K/p
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Luminosity and pile-up

LHC 2012 RUN (4 TeV/beam)
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Cluster of Excellence

CMS Average Pileup, pp, 2012, Vs = 8 TeV

, . . 60
<u> =21

Recorded Luminosity (pb '/0.04)

89, Event Number: 24151616
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Latest results...

... since Moriond 2013:

ATLAS: 19 papers, 47 preliminary results
CMS: 24 papers, 69 preliminary results
LHCb: 33 papers, ? preliminary results

Only a very personal selection of these results will
be presented here
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http://livepage.apple.com/
http://livepage.apple.com/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
http://lhcb.web.cern.ch/lhcb/
http://lhcb.web.cern.ch/lhcb/

Flavour physics



Direct CPV in charm?

Search for direct CPV in D°—h*h-

LHCb: 1/fb @ 7 TeV
Phys. Lett. B 723 (2013) 33

s from semileptonic B decays
U charge used to tag D° and D°
Muon detection and effective production
asymmetries cancel in the difference
between KK and T

_ A |
AAcp ~ Aad‘r(l + yQ Ccos qb) + (alnd + acclg ycos¢)—— ~ Aads

AAcp = (0.49 £0.30 (stat) +0.14 (syst))ﬂ
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http://www.sciencedirect.com/science/article/pii/S037026931300350X
http://www.sciencedirect.com/science/article/pii/S037026931300350X

Direct CPV in B;

Direct CPV in BL—K™mr*
LHCb: 1/fb @ 7 TeV
PRL 110 (2013) 221601
Raw asymmetry corrected for
instrumental and production effects
using D° and Lambda decays and time

dependent asymmetry
FIRST OBSERVATION

40005— LHCb —
S C) = (b)

3000 =
—~ 2000 =
~ F o
2 = =
> g E
o S o :_'-'——n----:/
- FT T T~ " "',..-.— :— ~\~ ya
: E | = 5 E 1
g ]
- £ C
3 0 (© = (d)
© F C
c C C
© — C
(&) E

200

1005

=

L | o~ g, ol ol o e Y | STl TS Wyt Nigeteteptiatass:
5 51 52 53 54 55 56 57 51 52 53 54 55 56 57 58
K*~ invariant mass [GeV/c?] K 7* invariant mass [GeV/c?]

Acp(BY— Kt r~) = —0.080 = 0.007 (stat) = 0.003 (syst)
Acp(BY— K~ ") =0.27 £ 0.04 (stat) = 0.01 (syst)

10.5 0: most precide measurement

6.5 o first observation

:ACP(BO_’K+7T_)_|_B(Bg_’K_77+)Td H.J. Lipkin
Acp(BO— K~ 7") BB —K*tm )71, [2005)
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Cluster of Excellence

A =-0.02+0.05+0.04
Compatible with SM: A =0
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http://prl.aps.org/pdf/PRL/v110/i22/e221601
http://prl.aps.org/pdf/PRL/v110/i22/e221601
http://www.sciencedirect.com/science/article/pii/S0370269305008105
http://www.sciencedirect.com/science/article/pii/S0370269305008105
http://www.sciencedirect.com/science/article/pii/S0370269305008105
http://www.sciencedirect.com/science/article/pii/S0370269305008105

Bs mixing

CPV and AT from B°—=J/¥YK*K~ and
B ) /Yt
LHCb: 1/fb @ 7 TeV
Phys. Rev. D 87 (2013) 112010

Angular analysis in bins of m(K*K™)
Update of B—J/Ym* i~ analysis
Opposite side and same side tagging
MOST PRECISE measurements
of &, I's and AT

ATLAS: 4.9/tb @ 7 TeV
ATLAS-CONF-2013-039

Angular analysis of B.°—J/YK*K"~
Opposite side tagging
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Cluster of Excellence
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Angles in the helicity basis

¢, = 0.01 = 0.07(stat) = 0.01(syst) rad,
I', = 0.661 = 0.004(stat) *= 0.006(syst) ps~ !,
AT, = 0.106 * 0.011(stat) = 0.007(syst) ps~!.
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http://prd.aps.org/abstract/PRD/v87/i11/e112010
http://prd.aps.org/abstract/PRD/v87/i11/e112010
https://cds.cern.ch/record/1541823/files/ATLAS-CONF-2013-039.pdf
https://cds.cern.ch/record/1541823/files/ATLAS-CONF-2013-039.pdf

New observables in b—spp

Differential branching fraction and New observables presented at EPS

angular analysis of BO—=K*Ou*pu- LHCb: 1/fb @ 7 TeV
LHCb: 1/tb @ 7 TeV LHCb-PAPER-037
arXiv:1304.6325 Form factor independent
ATLAS: 4.9/tb @ 7 TeV parameters (arXiv:1303.5794)
ATLAS-CONF-2013-038 accessible via folding techniques
CMS: 5.2/tb @ 7 TeV 3.7 o discrepancy in P’s at low g2
CMS PAS BPH-11-009 e
- o8- LHCb aMProioons |
R 5 All other ﬁjﬁ;+- _._"fe“'"'"“"v e -
| _+ "™amil  measurements O —— - _
| agree with SM & —1— _
_ prediction ol | —+— +_+_ .:
| 1.22.[(46\;2/;4%0 s s ” 15q2 [Gevzﬁ'& |
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http://arxiv.org/abs/1304.6325
http://arxiv.org/abs/1304.6325
https://cds.cern.ch/record/1537961/files/ATLAS-CONF-2013-038.pdf
https://cds.cern.ch/record/1537961/files/ATLAS-CONF-2013-038.pdf
https://cds.cern.ch/record/1540199/files/BPH-11-009-pas.pdf
https://cds.cern.ch/record/1540199/files/BPH-11-009-pas.pdf
https://cds.cern.ch/record/1563451
https://cds.cern.ch/record/1563451
http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/1303.5794

B> pup and B®— pp branching fractions
LHCb: 3/tb @ 7 and 8 TeV
arXiv:1307.5024

CMS: 25/tb @ 7 and 8 TeV
arXiv:1307.5025

LHCb+CMS combination
LHCb-CONF-2013-012, CMS PAS BPH-13-007

OBSERVATION of B,°— pp
B(BY — ptp™) = (29+£0.7) x 1077
BB’ —p ™) = (3.671%) x107"

fb CDF 10fb™" i [isMm
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Cluster of Excellence
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http://arxiv.org/abs/1307.5024
http://arxiv.org/abs/1307.5024
http://arxiv.org/abs/1307.5025
http://arxiv.org/abs/1307.5025
https://cds.cern.ch/record/1564324/files/LHCb-CONF-2013-012.pdf
https://cds.cern.ch/record/1564324/files/LHCb-CONF-2013-012.pdf

Top quark properties



Production and properties

8 1o ~ ATLAS Preliminary
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Single top production
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ATLAS: 2/tb @ 7 TeV

Phys. Lett. B 716 (2012) 142 :
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(a) BDT output
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https://cds.cern.ch/record/1563135/files/TOP-12-040-pas.pdf
https://cds.cern.ch/record/1563135/files/TOP-12-040-pas.pdf
http://www.sciencedirect.com/science/article/pii/S0370269312008489
http://www.sciencedirect.com/science/article/pii/S0370269312008489

Direct mass measurement

ATLAS m,,, summary - July 2013, L_=2.05fb"- 4.7 fo”! (*Preliminary) L q i- e si- measuremen t S
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https://cds.cern.ch/record/1547327/files/ATLAS-CONF-2013-046.pdf
https://cds.cern.ch/record/1547327/files/ATLAS-CONF-2013-046.pdf
https://cds.cern.ch/record/1562935/files/ATLAS-CONF-2013-077.pdf
https://cds.cern.ch/record/1562935/files/ATLAS-CONF-2013-077.pdf
http://arxiv.org/pdf/1307.4617v1.pdf
http://arxiv.org/pdf/1307.4617v1.pdf

Pole mass measurement
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http://arxiv.org/pdf/1307.1907v1.pdf
http://arxiv.org/pdf/1307.1907v1.pdf
https://cds.cern.ch/record/1342551/files/ATLAS-CONF-2011-054.pdf
https://cds.cern.ch/record/1342551/files/ATLAS-CONF-2011-054.pdf
http://arxiv.org/pdf/1303.6254v1.pdf
http://arxiv.org/pdf/1303.6254v1.pdf
http://arxiv.org/pdf/1303.6254v1.pdf
http://arxiv.org/pdf/1303.6254v1.pdf
http://prd.aps.org/abstract/PRD/v80/i5/e054009
http://prd.aps.org/abstract/PRD/v80/i5/e054009
http://prd.aps.org/abstract/PRD/v80/i5/e054009
http://prd.aps.org/abstract/PRD/v80/i5/e054009

More mass measurements

Lifetime based measurement

CMS: 19/ftb @ 8 TeV
CMS PAS TOP-12-030

my = 173.5 = 1-55tat T 1-3syst T 2'6PT-(t)GeV

CMS preliminary, (s =7 TeV, lepton+jets
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Differential measurement

CMS: 5/tb @ 7 TeV
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CMS: 19/tb @ 8 TeV
CMS PAS TOP-12-031
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https://cds.cern.ch/record/1563140/files/TOP-12-030-pas.pdf
https://cds.cern.ch/record/1563140/files/TOP-12-030-pas.pdf
https://cds.cern.ch/record/1521357/files/TOP-12-029-pas.pdf
https://cds.cern.ch/record/1521357/files/TOP-12-029-pas.pdf
https://cds.cern.ch/record/1528156/files/TOP-12-031-pas.pdf
https://cds.cern.ch/record/1528156/files/TOP-12-031-pas.pdf

Higgs boson properties



Production and decay

All production and most decay processes are investigated at the LHC
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Signal strength

ATLAS: 25/tb @ 7 and 8 TeV
arXiv:1307.1427

Mass fit in 14 event categories
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http://arxiv.org/abs/1307.1427
http://arxiv.org/abs/1307.1427
https://cds.cern.ch/record/1530524/files/HIG-13-001-pas.pdf
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Mass

Combined mass measurement in

H—-vyy and H—-ZZ

ATLAS: 25/tb @ 7 and 8 TeV
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Signal strength in associated
production with W or Z

ATLAS: 25/tb @ 7 and 8 TeV
ATLAS-CONF-2013-079
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Couplings

Couplings to vector bosons and fermions from measured
signal strengths in different production and decay channels

LI I |

_ 2 T T AR AN SN AR AN RN
ATLAS Total uncertainty N ATLAS I ]
m. = 125.5 Gev X B N \s=7TeV Ldt=4.6-4.8.fb_ N
" tio + 20 z 8; 1s=8TeV [Lat=2071" CMS Preliminary Vs=7TeV,L<51f" (s=8TeV, L=19.6 fb’
\ [T L | Y— C T T
Ky w / 25 > 8 :E:%Jf‘”wl ] < N ¢ SMHiggs @ Fermiophobic @ Bkg. only
' ‘ ‘ ‘ ‘ - / B ‘ ‘ —H- " = viv ] e o et
]I\(/IO?(el l ) / X ) | R . , NV ‘,[G 4_— "_“: ..... e “.\ + Stand'ard Model ] -
v g 5 \ : CoImn i
Ke| : \\ 2 S e es%CL — B
i : U P o 10‘ : : 1
; . T ; | el |
| z / o . i -
Model: s ; < g \\ / - [ my=1255GeV e 3 i B
XFV’KVV FV | : \ ol -
..... | I .I . I‘ ‘\ . ‘ .‘ 1.0 0 05 1 1-5 2 25 3 35 4 | {
Model: \\ : // P u99F+ﬂH X B/BSM 0[]_ ....................................................................... B
7\' ’}\‘ ) i/ - I~ :
XWZ 74 A’WZ : 3 \ / 5, G Prefiminary [5=7TeV,L<511" s=8TeV,L<19.6 fb" B
£ Kz T —  C— E BRBEERRRREI -y i
: : \ / @ + H-ww | i
K| . \ // 5l 3‘> + Hez 7 -1 __ ...........................................
: : L + H—bb
MOdeI I .I.. I...I..I. o I...l ..I. .I.\ § I 1‘0 47 + Hoy :
Kgs Ky \ / - -
KY \'\ / 20 | _2 1
) l B | B ‘ — 2 0 0.5 1 K 1.5
-1 0 1 : | v
\s=7TeV ILdt =4.6-48fb" Parameter value L . |
\s=8TeV [Ldt = 20.7 fb Combined H — yy, ZZ*, WW* o+ “{ \\ -
-1 0 1 2 3
’ . "o J6|u
PRISMA L. Masetti - 02/08/13 Latest results from the LHC
Cluster of Excellence sjonannes GUTENBERG

UNIVERSITAT MAINZ



Spin and parity

Spin and parity in e e
H—vy, H—ZZ and 3 L
W ’ natik)
ATLAS: 20/tb @ 8 TeV 1
arXiv:1307.1432 )

|
0O 10 20 30 40 50 60 70 80 %O ,J 00
q (%)

CMS: 20/fb @ 8 TeV

o\ B B B B B B B
CMS PAS HIG-13:002 Sz gl " amas | [ amas
g | WSwloonaz -y g e
= [ [ Background Z+jets, tt ] ' v CL, expected
H — ZZ Lﬁ 201 — Ff=0 — HozZ27 >4l assuming J¥ = 0*
V=0 \s=7 TeV [Ldt=46f" | e s B2t
- J =0 \s=8 TeV ILdt =20.7 fb-1 ] H — WW* — evuv/uvev
15_ _ \s=8TeV [Ldt=20.7 fo
CMS: 20/fb @ 8 TeV

CMS PAS HIG-13-016
H-vy

5¢

of

-1 -0.5 0 0.5 1 T Po ot ooz
BDT output K ]G‘U
() PRISMA L. Masetti - 02/08/13 Latest results from the LHC
Cluster of Excellence sjonannes GUTENBERG

UNIVERSITAT MAINZ


http://arxiv.org/abs/1307.1432
http://arxiv.org/abs/1307.1432
https://cds.cern.ch/record/1523767/files/HIG-13-002-pas.pdf
https://cds.cern.ch/record/1523767/files/HIG-13-002-pas.pdf
https://cds.cern.ch/record/1558930/files/HIG-13-016-pas.pdf
https://cds.cern.ch/record/1558930/files/HIG-13-016-pas.pdf

BSM searches



Signature based searches

The ideal search:
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Low mass dijet resonances
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Boosted W and Z

W/Z tagged dijet resonances

CMS: 20/fb @ 8 TeV
CMS PAS EXO-12-024

Vector boson identification with jet
substructure techniques
Dark matter pair production with
single W/Z tagged jets
ATLAS: 20/tb @ 8 TeV
ATLAS-CONF-2013-073
Single boosted vector boson with
large missing transverse momentum
World’s strongest limit in a model with
up-down interference
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SUSY searches
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Direct stop-pair production

CMS Preliminary

Vs=8TeV, , [Ldt = 19.5 b

< Fr T T T ~ ~O ~ ~0 ~ ~O < ~t ~=* (*)~O
= 400/ pp—T* — Tty t —> C t — W t — t t — b — W
(‘3' 350 éb?g%noﬁt:aggﬁ'lanalysis —t—>bx » X=0.5 1 X1 1 b X1 1 X1 1 X1 , X1 X1

e Observed

E%{ 300 E_ ,&\‘i /,6“:.' L& - -- Expected _E ° ° I d
' 1 Interesting region at low masses not yet covere
200E E TT production, t—t% /t—>Wb¥% /t—c Status: EPS 2013

- 3 X X X
150 |- — ;- LN R L Y B B B I L I L B
- ] o) ]
1001 E ) 400[ ATLAS Preliminary Ly =20 -21 fb" 15=8 TeV Ly=47f"\s=7Tev
50 = _c’llx - EmoLT- tﬁ OL CONF-2013-024 OL [1208.1447] 7]
N 774 S R R RN - | S A & 350— _.“"t—)t)fb 1L CONF-2013-037 1L [1208.2590] —
200 300 400 500 600 700 800 C B oL i 2L CONF-2013-065 2L [1209.4186) 7
m- [GeV] - EmoL i w b 2L CONF-2013-048 -
. - ~ L oo - 300 :__ - OL mono_]evc tag t — C X1 OL mOhO-jet/C-tag CONF'2013'068 __
tt, production, t, — b, % — W' "%, Status: LHCP 2013 — —
S‘ T T T T l T T T T | T T T T | T T T T I T T T T | T T — CDF 26 fb [1 2034171] -
o 500 |_ATLAS Preliminary _ _ _ [~ —— Observed limits * Observed limits (-1o,,..) ==+ Expected limits ]
o, Liy = 20-21 fb ™' y5=8 TeV Ly=47f0"\s=7TeV | 250 — theo ]
AT S m.= mza+5GeV OL ATLAS-CONF-2013-053 - - — : . —
E L 1-2L, rh =106 GeV 2L [1208.4305], 1-2L [1209.2102] — ]
I my 4150 Gev 1L ATLAS-CONF-2013-037 - — I~ ]
—l m.=m - 10 GeV - -2013- - — —
400 __ -1 2L, m —2>< m_o fll:22::—;)?::)3270,1:L0;§NF-2013-048 1-2L [1209.2102] —_ 200 — —
- — Observed limits Observed limits (-10,,,) === Expected limits — B
300 T T ] 150— _
200 W5 - 100} —
- . m,.= m_a+5GeV A H =
g _ L.,..-201 il - -
100f— €777 B e - 50 =
: | | 1 0 L
0 L e s et 200 300 400 500 600 700
m; [GeV] my [GeV]
PRISMA L. Masetti - 02/08/13 37 Latest results from the LHC
Cluster of Excellence sonannes GUTENBERG

UNIVERSITAT MAINZ



Conclusions



Summary

* Great performance of the LHC and of the detectors in the first 3 years
of running

* Plenty of results already published, more in preparation

* Unprecedented precision in flavour physics, some tensions are gone,
some new ones appear, some small ones remain

* Top quarks being investigated with very high statistics, still a lot to
learn on modelling in simulation

* Entering precision measurements phase in Higgs physics

* Searches for new particles beyond the Standard Model could only set
limits, very stringent ones... Did we forget to look for any signature?
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Outlook

 Accelerator complex, detector and software(!) consilidation during
long shutdown until end of 2014

* Sensitivity to new physics will increase with larger centre of mass
energy

* Harsher experimental conditions (higher pile-up!)

* The next year will be needed to complete precision measurements, but
also to prepare for run 2

* Will new physics be really around the corner this time?
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