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CMS and LHC in 2012

— Fantastic performance

Pixels

Strips
Preshower
ECAL Endcap
ECAL Barrel
HCAL Outer

HCAL Forward
HCAL Endcap
HCAL Barrel
muon RPC
muon DT
muon CSC

Fraction of working Channels > 98%
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design

Despite pileup exceedin
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Efficiency

G(u”) [GeV]

CMS preliminary Run2012  {s=8 TeV
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L Data
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H-> ZZ <4l candidate
24 vertices
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Leptons and MET
Almost insensitive
to pileup
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Muon syste
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A Muon perform

Muons: achieved nominal ( or better than ) performance

1
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= - — - 3
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E Ll | 1 1 : I: |f 1 L1 Itl a
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20 40 60 8 Figure 21. Ratc of charge misassignment as a function of pr of the tracker track reconstructed in the

top hemisphere, for standalone muons (squares), tracker tracks (triangles), global muons (circles), and the jeV/c)
TPFMS refit (upside-down triangles).

Otranto 2013 Tiziano Camporesi, CERN 6



Otranto 2013 Tiziano Camporesi, CERN 7



EM calorime

Energy scale stability ~ 0.1%
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Resolution on yy resonance
: for best category (H -

1A%,

ECAL performa
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HB
HE
HO
HF

Otranto 2013

Brass Abosber (5cm) + Scintillator Tile (3.7mm) Photo Detector (HPD) |n| 0.000 ~ 1.393
Brass Absober (Bcm) + Scintillator Tils (3.7mm) Photo Detector (HPD) |n| 1.305 ~ 3.000
Scitillator Tile (10mm) outside of solenoid Photo Detector (HPD) |n| 0.000 ~ 1.305
Iron Absober + Quaartz Fibers Photo Detector (PMT) |n| 2.853 ~ 5.191

Tiziano Camporesi, CERN
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Jets

)
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Publication Stat

* The Higgs discovery paper: 1591 citations (steady tlow o
>100 citations a month!)

)

CMS Physics Publications
253 Physics+9 performance with data+21 in CWR/FR

® PuB/Accept

ed/Submitte
d

Here personal choice ( limiting overlap with
Albert, Joao, Roberto, Jor rgen talks)
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STANDARD MODEL RESULTS
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A Boson product

Fundamental e — : CMS
: . o ! W i & 7 TeV CMS measurement
?utehStIOIIWSt k f 105E - Z . % 8 TeV CMS measurement j
s the electroweak force 5 E . —— 7 TeV Theory prediction E
© - 21 o : —— B TeV Theory prediction ]
a low energy g 10t 2 g L oS 95%CL limit =
manifestation of a more = F = ey =
fundamental interaction o OE D T W, | T
. ) — i = i ' ' : ; ' (-
at higher energy ? 2 [ | 24, o oz wWW ]
° o gE + T a0
= . F T ez
Are there any surprises s 10 } i o= F
. S - | E; > 30 GeV P Er>15GeV i 5 i . b
in the data ? 8 1 Ine| <24 | AR(y)> 0.7 | Twvy
& = = A 1937 3
) i 36, 19 pb" 5.0 iS.Ufb" ;'9 E 14,596%?1  “ ]
Boson productions 107 : | 5 : E
JHEP 10132 {2011) EWK-11-002 EFJC G13 2283 (2013) (WV) SMP-013-008
address all of these s A S 1301 083 Cts Gy LB Toy 10 e o
iIssue!
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Neutral TGC

2 Inthe SM there is CMS-SMP-13-005
no all neutral TGC
CMS Preliminary \'s =8 TeV, L = 19.6 fb"

;‘* e I | I

8 e DATA

— 1F L 1zz E

Z . f I WZ/Z + jets
= ---- f£=0.015
LHC makes many more ZZ E # =0
than LEP /Tevatron g *
Measure ZZ 4 leptons: T40- _
Sensitivity for deviations
(dashed red ) from SM
(dashed black) at high f ______________
masses is max... No 5 o
significant excess observed 1072 L '
1000 1500
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Quartic gauge c

 CMS has the most stringent World limits on =i =0 reneieie

and now also on Quartic gauge
Red is CMS limits range

%

anomalous TGC...
couplings

P P
Y l
QGC
Y W
i P fro/A® TeV* I wwy [-25,24] 19.30f6" 8.0 viaQGC
? I P (anomalous)
¥ w* -10°10*10*10-10 -1 1 10 10 10° 10* 10° Leading order diagrams

I wwvvw»< Y
via QED w "

WWV prOd ;?c:jri:ﬂssv WVWW\< via TGC +

QED [adiation

4 W-
IPM workshop, Tehran T. Camporesi A — VW
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W charge asym

* New measurement of W charge asymmetry
in the muon channel Can constrain

SMP-12-021 significantly PDF

CMS preliminary \s=7TeV, 4.7 fb"
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Forward Physics Hig

* Anew, 8 TeV VBF Z production analysis FSQ-12-035
— Improves and extends earlier analysis it to higher energy/statistics

— Strong destructive interference between the VBF diagram (left) and
bremsstrahlung (middle) & multiperipheral (right) production

— Cross section is suppressed by x5 compared to the VBF contribution
alone

* Important testing ground for understanding of the VBF
Higgs production

%

o (EWK £65j) = 226 = 26542t & 355y fb.

7 October 2013 18




Observation of tW Pro

)

* Very nice measurement, !
previously reported only
as an evidence by both reynman dgpEne b
ATLAS and CMS I e

W= b
e Use W(l\/) decays for both Prominently featured at the EPS 2013
W'’s; maximum sensitivity
is in the eu channel
e Selection based on BDT in
jet and b-jet multiplicity
categories

 Observed 6o excess (5.4c
expected)

— 6=23.4"5_,pb

All channels eu alone

100 L8

gg‘? ryen D‘E 1%%‘/ WrWW‘W/é
7 October 2013 IPM workshop, Tehran T. §dmporesi . [ SR
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Top decays

CME preliminary, Ys=8 TeV, [L=16.7 fb"

gug 99.7% CL

%D_B 95% CL FCNC

@ F Il escL

E 0.7 CMS TOP-12-037

To

E 0. B(t — Zq) 8 TeV 7TeV + 8TeV
0.4 ExPectEd limit < 0.10% < 0.09%
0.3 Observed limit < 0.06% < 0.05%

1 o boundary | 0.06 —0.13% | 0.06 —0.13%
2 o boundary | 0.05-—0.20% | 0.05—0.18%

§ 97 CMSTOP-12:035 . Br(t »Zq) < 0.07% @ 95% CL

Measured R

Most precise measurement of
R=Br(t—Wb)/Br(t—Wq)

R €[0.945-1.000] @95% CL
IVyo] € [0.972-1.000] @95% CL

workshop, Tehran T. Camporesi 20




Top mass

2

LHC m, . combination - September 2013, L =3.5f"- 4.9 fb”
CMS PAS Top-13-002 top P i

and TOP-13-005 ~ ATLAS + CMS Preliminary, Vs = 7 TeV
P e e — 172.31+£ 023+ 0.72+ 1.35
ATLAS 2011, di-lepton " it . .1?-3 Elg + D 54 + 1 5!:]
GUS 21, 1ieta —se+—  173.49+0.27+0.33+0.98
See CMS 2011, di-lepton : 172 50 + 0.43 +1.46
Jorgen and SR
, CMS 2011, all jets N N
Roberto’s s 201 ———— 17349+ 0.69 +1.23
Talk for ——t 173.29 + 0.23 + 0.26 + 0.88
more on Tevatron March 2013 - 173.20 + 0.51+ 0.36 + 0.61
(stat.) (syst)
Top | | | | . | L i
physics 166 168 170 172 174 176 178 180 182
and Comparable in precision with Tevatron Mop [S€V]

det%lclc%er 2013 IPM workshop, Tehran T. Camporesi 21



Jet Physics Hig

)

* New measurement of the o, via the ratio of 3 to 2 jet
events:
— as(M,) =0.1148 £ 0.0014 (exp.) + 0.0018 (PDF) *0-0050 . (scale)

* First differential inclusive jet cross section measurement at
8 TeV — important input to PDF fits

e fs=8TeV anti-k; R=0.7 L=10.71b" CMS Preliminary
1{I°' —— 00 0E =Y
—a— 05 dyle 10 = 10%

‘HP —i— 1 B dybe 15 | = 100
T
10 g = | 5 oadyhe 200 | W 107
o I e B0 dyhc 25w WY
i —a— 25 .yl 30 | = 107
< .
',_hH]"
=0
% EI.H{F
= g
1
! =MMFDOF 2.1 MLD & NP
1o ’
Lo ) LI ] ;
21 100 200 300 400 500 1 2000
Q (GeV) Jet p_(GeV)

QCD-11-003

SMP-12-012
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o from 3 jets

CMS preliminary L=50fb™" /s =7TeV
@DQ? l""""'!”"""""'t'"“""I'"""""!—11‘1-—.JADIEJ,-jelratI(-; I
3 CMS-PAS-SMP-12-027 | == LEP event shapes

0.20 P b T R | —C— DELPHI event shapes |
|—O— ZEUS inc. jets
|- H1DIS

0.18 1 —v— DOinc. jets I
—5/— DO angular cor.

0.16 -~ CRINGRS T S . G.(My) — 0.1184 = 0.0007 (world avg.)

a(Mg)=0. nsntg 0072 (3-jet mass)

0.14 :

: : _ : : - LHC is contributing in

002 o prome TR T ~ high Q regime. Precision
: ' : e - comparable to HERA.

0.10 H—@— CMS R32 ratio
—l— CMS ¢t prod.

0.08 | —8— ]C:Mss-letlmass e

5-10° 100 2.10'  5-100 10 2-10° 5-10° 10° 2 10°
Q [GeV]

1 T CMS-PAS-SMP-12-027
. H1 mult_JJn‘ts at low @
EPJ CE7 1 (2010)
H1+ZEUS (NC, CC, jots)
H1-prelim-11-034, ZEUS -prel-11-001 (2011)
ZEUS incl. jats iny
Nucl. Phys. B854 1 (2012]

H1 narm. mum.’i s at high @°
Hi-prelim-12-031(2012)

CDF incl. jets
Phys. Rov. Lett. 88 (2002)

DO incl. jets

PRD 80 111107 (2008)

D0 ang. correl.

Phys, lett. B718 56 (2012)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJ C72 2041 (2012)

ATLAS

ATLAS-CONF-20113-041 (2013)
CMS R,
arkiv 1304- T498(2013)
—_— CMS tf cross section
| | arkiv 1307.1507(2013)
— CMS 3-Jet mass cross section
B CMS PAS SMP-12-027
o World Average
g PRD 86 010001 {2012)
L L Il L 1 % 1 L L L L 1 L 1 L L 1 ! L 1
0.12 0.13 0.14 015

7 October 2013 IPM workshop, Te 0.1
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B.(1p) Res

* The results:
— B(B, > pu) =(3.0*19,,) x 107
— B(By = up) <
1.1x 107 (9.2 x 10°19)

* Preliminary combination ! |
With LH Cb: % oz o4 o5 o =T 1"43,:(5;‘3"1‘;*:.‘;;10

— B(B, > up) =(2.9+£0.7) x 107 | =g 0 [elorg sieias =il

1DN+cat- 4 3 (4 R8s exn ) 1D: 4 .86 (4.7~ exn )

BPH-13-007/LHCb-CONF-2013-012

s N ™
[l ."~.. 06? -E ! N\ “‘\ @ y’
+ H s : ‘ F o N\s N
H g 04 | e\
L . A} . ‘.1 \ \ Y
: S oz ) |
Feesmmzgzen " oo & /
e = gpidatiollil il Ch b N b b g o i DA 10’9
o W55 57 58 59 % T 2 e 4 s 6 7 B 9 10
M (GEV) BF(B!—u'w)



@m On to B,(up

* We will not stop now

* Will reoptimize the analysis for B, search

* Foreseen improvements:

— Looser muon ID (in 2011 dataset)
— 2D BDT fit
— Better combinatorial background description

7 October 2013 IPM workshop, Tehran T. Camporesi 25



SEARCHES
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@ Higgs huntin

Processes/decays studied: B Results releasd In prog

H-> gamgam
H-> ZZ
H->WW
H-> bb
H-> tau tau
H-> Zgamma
H-> mumu
H-> invisible
Main decay channel characteristics:
Channel M« range Data used M
(GeV/c?) 7+8 TeV (fb ") resolution
H-> vy 110-150 5.1+19.6 1-2% See Albert
H -> tautau 110-145 4.9+19.6 15% de Roeck
for details

H->bb 110-135 5.0+19.0 10%

_ 27



Invisible Hi

* New CMS analyses in
associated Z(ll)H
production in VBF 3-018
production

e /H:

— Br(H=>inv.) < 75% (91%
exp.) @ 95% CL, m, =
125 GeV

* VBF:

— Br(H=>inv.) < 69% (55%
exp.) @ 95% CL, m, =
125 GeV

7 October 2013 IPM workshop, Tehran T. @:
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Invisible Higgs Co

%

e Two direct searches have been combined

e Further improvement could come from
combination with the indirect limit B < 0.52
@ 95% CL

fs—7TeV,L<51fb" Vs-8TeV,L<19.6fb"
CMS Preliminary " 68% CL
: == 95% CL
Ky —-I—
—*‘—
b : p_, =037
}“WZ _*:_ Pgyy = 0-41
)"du _:_._—DSM ~0.39
_:*_
?qu ' P, = 049
K, -
0.4 ;
. =
Ky : P, =0.23
0.2 BRBSMT—— Py, = 0.41
|IIII|IIIllu-knlullulullh-lulI-I--Ir\lllll-ll e T P e
7 October 2013 715 120 1086 VI WOT{gg 10D, 1en@g 1 . CoygOoTes! 145 0 0.5 1 15 22 25

my (GeV) parameter value



ttH — a New Kid on

)

* Significant progress made HIG-13-015
in the ttH channel

 Arecent resultin ttH(©©)
channel

— u<5.4(5.3 exp.) @ 95% CL,
m, =125 GeV

 New ttH(bb+ | | ) results:

— n<5.2(4.1 exp.) @ 95% CL,
m, =125 GeV

P10 115 120 125 130 135 140 145 150
m,, (GeV)

7 October 2013 IPM workshop, Tehran T. Camporesi 30



il

ttH in Multile

* New analysis exploring various top and Higgs decays resulting in
like-sign dilepton, trilepton, and quadlepton final states

* An excess (~2.50) seen in like sign dimuons has been extensively
scrutinized and demonstrated to have all the features of a
statistical fluctuation

e Overall consistency with the SM: 3%

four-lepton
u < 6.8 (8.8 exp)

trilepton
u<6.7 (3.8 exp)

dilepton
nu<9.1(34 exp)

combined
u<6.6 (2.4 exp)

7 October 2013

Vs=8TeV, L=19.6fb"

CMS Preliminary
my = 125.7 GeV

-=- Observed
£5H Exp. (68%)
-=- Exp. (95%)

four-lepton |

trilepton
- +2.2
W=27%

dielectron

electron-muon
+2.
u=19722

(s=8TeV, L=19.6 b’

CMS Preliminary m, =125.7 GeV

combined p = 3. 7+1 6

o5% CL upir TR A67Abn T Canpores 5

M
-4 -2 02 4 6 8 1012

Best fit u = o/c
SM

31



ttH Grand Com

* All channels combined
* Impressive expected sensitivity pu < 2!
— Excess is driven by the dimuon excess in the multilepton analysis

— Counting on a factor ~5 increase in production at 13 TeV this will join the 5
HPA in Run2

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
115 120 125 130 135 140
my, (GeV)

—
o[TTTT

7 October 2013 9 11



SUSY Multilepton

e Strict limit on B(t 2 cH) <0.31%

Higgs Decay Mode observed | expected 1s range
h! WW (BR=223%) | 0.37% 0.38% | (0.26-0.52) %
h! tt (BR=6.24%) 8.4 % 7.6% (5.8-11.2) %
h! ZZ (BR=276%) 1.23% 097% | (0.74-1.42) %

combined 0.31% 031% | (0.21-0.46) %

Table 7: 95% CLs limits on BR(t !

ch) from individual Higgs decay modes.

 Number of stringent limits in various simplified

models:

CMS Preliminary

Vs=8Tev, [Ldt=1951b?

[ Natural Higgsino NLSP (GMSB)

Br(x - hG) (5 — ZG) 0.5, Strong and Weak Productio
—=—"observed 95% CLs Limits

C Theory uncertainty (NLO+NLL)
ommme-- expected 95% CLs Limits
X - expeCted i169)(perimen'al

500
400;
300;
200;
200 300 400 500 600 700 800
Mo = m,. - 5 GeV, m%2=mx~f+5GeV m- (GeV)

CMS5 Preliminary

Iu:#Ta-\l'. il. dt =185 fi’

T

Stau-{M)MNLSP [GMSE) -
ohsarved 95% mtlmlla
Thaory uncartainty (ML
= gxpactad B5% Cls Limits 3
_ expecleds e e
expeched 20 E

R———

paiTEaTi
Tl o

1[]0 IED EUD 250 3[]!} 35!]- -H]D 45[]

m_=m, {Ge&f'



Susy: jets + M
CMS Preliminary, L= 19.5fb", {s=8 TeV

~ HT - Data | Z— vi+lets B wiie
witi(z, +v)+Jets ] aco

—
=
=

Mumber of Events

H; = Z o
Jet

<
L
-
|
|
[
ol

jets 10%

R0 [500-500]
55 & =200 | B00- 1000]
W20 1000-1250]
,-:’ W | [1250-1500]
w200 RSO0l L L

107"

N,eis [3-5] > N [6-7] > Ny d28]

Observed events are consistent with expected standard model backgrounds
in all 36 search regions in NJets, HT & MHT.

Excess in one bin : p(291 0.7+ 1.8)~0004 —~270

To observe such (or larger) fluctuation in any of 36 bins : p~0.11 = ~12 ¢
7 October 2013 il I IVI WUIRDIIUP, ISIHHAll 1. wdllIPUIGDI
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Jets+MH; re

Define cross sections for simplified models defined by production
model and decay channels

CMS Preliminary, 19.5 5" s =8 Tev CMS Preliminary, 19.5 ", /s = 8 TeV

~— 1200 = 600 - =
> pp—§8.9— qQ3, NLO+NLL exclusion| " 14 & pp— 4,4 q% NLO+NLL exclusion 0 &
S =Observed + 10, 5 =Observed+ 1o, 5
1090 223 Expacted+ 16,y i E 500] ;23 Expected+ 16,0 me 'g
® aof 1’3" 8 . 3¢ '8
800 - © S 00- —f{*ﬂﬁf“ﬂ ) P9
] 5 - ) i I
B = B s y | =
L T ] : IIIII — 1 [m ]
= 1D‘E 300+ = JEW‘E
- 11 &
i0? : 00T, = one X 7 jor® :l
o - i
Ll an o
&> 100} - s
= - “:r] g & 1 '-.1' 101 o

600 800 1000 1200 1400 300 400 500 600 700 800 300 1000

m, (GeV) m, (GeV)
Probed Gluino masses up to 1 2 TeV and squark masses up to 0.85 TEV

P~ s A R R ] R bl et



SUSY Razor se

In Di-jets topologies Dpefine

- - Define the “Razor”:
Mp = \/ (IPq1] + [Pg2)? = (Pz,q1 + Pz,g2)* MRE
and - M;

2

. \/ BE o4 + ) - B + 57
T

Then Search for a broadly peaking signal in MgR? plane
Interpretations: probed gluino masses up to 1.2-1.3 TeV

o 10 51 —= 0, § — bby, NLO+NLL exclusion
pp —= §3. § — 1] NLOWNLL exclusion B |Po@I-
Eﬂbﬂ-ﬂ‘l"'ﬂ'&dt‘hﬂm ‘-;_12“1 ?Mt‘lum

_— :::Expected + 1a, Eﬂ :::Eh:pﬂ'ﬂﬂdth:.

=31 E;

and Stop masses up to 750 GeV

Fraluminary, [FETL:

CMS Praliminary, 19.3 fo”, 5 =8 TeV

Mying (GEV)

1000 1200 1400

"

N,

i TeV

3 pp = T— 6 NLOWNLL exclusion
2 |=otseved=10,,,
E“% :::Expected £ 10,y

85% C.L. upper limit on cross section (pb)




SUSY frust

GluinG Eeoductian
o
i .
B
=)
*
=
=

ST
Rl -]
:

o TbE Wi
S T Wi

T=tu517 ~HG)

shotTom

a 5
B . 2
& fL8 -'l'lvvl T
5w x, CMS Preliminary
c ER-wwy T G
T 1 . nug or decays with intermediate mass,

zrr ey ;E Mormodizs = X1, methe '[1'?” m, g

*L% T=ix I L 1
% ann 4 nnin 4 NN 4 Ann

7 October 2013 IPM workshop, Tehran T. Camporesi
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It Is not over .

)

difficult...but analysis
will get smarter

? Based DI."I partonic I-uminusitiels E — XX ReaCh Of 14 TeV for
g |t 1 zg new physics particle
. % qq ‘mass’ ( from parton
<« 7 9 luminosities ratios wrt
2 to 8 TeV and for
= : g g different integrated
; [ T— _________ - ________________ ' Ium|)
= Y y A= Reality might be more
o 4
3¢}
(S
=
_2
w
7y

The search is on!
e.g. Stop mass reach

0 & From G. Salam, Aix 1.4-18 TeV ( now
0 & les Bains ECFA <700 GeV)

)
7C 2 workshop— ..~ __mpores 38




Dark Matter Se

. earch for Dark Matter in monojet, monophoton, and monolepton final states a la
direct detection experiments by triggering on an ISR jet, photon, or W(lv):

— Limits are somewhat model-dependent (sensitive to the mediator mass); yet competitive

— Offer unique sensitivity to DM-gluon couplings

* Increased interest since the recent CDMS result
(arXiv:1304.4279)!
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@m Plans -

* Run 1 Physics

e LS1 consolidation
* Phase 1 upgrades

* Phase?2: scope and rough cost estimates
document ready. Prepare a Technical proposal
in 2014 ( TDR for 2016) ( see Joao’s talk)

* Run 2 preparations
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UCSB/CERN

J. Incandela

Meeting with CMS LHCC Referees

September 24, 2013
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Offline: good news fo
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— Offline continues to make
releases for 4 of the 5 fronts
mentioned in the previsous
slide.

— The first production release of
2013, CMSSW_6_2 X, was made
in July.

* Without any physics performance
regression the technical performance
at high pileup has improved (red
points KD Tree approach to tracking)

e With small compromises and more
work from the tracker DPG (blue
points, cut of cluster charge)

* We are in the right ballpark for tﬂe

ran T. Camporesi

most likely run2 scenarios.
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The future

High Luminosity LHC is now an approved project.... And we
need to prepare for it ( see Joao’s presentation)

We count on all collaboration institutes to play a role for the

CMS upgrade

IRAN has given valuable contributions to the construction of
CMS and we count on having you onboard for the upgrades
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