Status of the CMS
experiment

Mara Senghi Soares '

On behalf of the CMS Collaboration
(CIEMAT-Madrid)




Signalizing topics with Spanish
contribution with the symbol

Sunday, November 25, 2012



Sunday, November 25, 2012



CMS detector
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Sub-detector activity fraction

CMS Preliminary - June 2012 excellent
E MUON CSC —" ——C— 5 performance
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HCAL Forward at >96%
HCAL Endcaps | | | | | | capacit)'
’
HCAL Barrel
after ~3 years
Preshower : : : : | 5 with no access to
ECAL Endcaps | | . , ‘ , CMS internal
ECAL Barrel | | | | | | detector
Strip tracker
Pixel tracker [ | | | | ' | » and only few months
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Detector performance (ampies

CMS DP |2 0|5 '

ECAL performance

date (day/month)

® Single electron E/p stability (ECAL Barrel)

° nght system implemented: crystal
response measured using laser
monitoring calibration

® Raw data affected by dose rate, integrated charge on
VPT photocathode (ECAL): corrections ready in
48h

® 25% improvement on diphoton mass

resolution
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Luminosity, trigger §
iImpressive numbers ‘1
— “M

Reaching 1034 cm2s-!: 107 collisions/s

CMS Integrated Luminosity, pp, 2012, .'s = 8 TeV
Data included from 2012-04-04 22:37 to 2012-11-19 13:05 UTC

N
w

LHC Delivered: 21.71m '

%._ N o <M Recorded: 20.32 ' Trigger: decides if the event is worth keeping

20 => discard it otherwise

N
O

-
&)

Two steps:
. LI - fast decision, simple algorithms
.HLT -computer farm where fast processing
is possible; event ‘partially’ reconstructed

-
o

Total Integrated Luminosity (b ')

5
Goal:
RS HLT gets ~100kHz (“good events”
RPN I S B R R : gets. z (“good events”)
Date (UTC) .store typically a few 100 Hz from those,
CMS Peak Luminosity Per Day, pp, 2012, .5 - 8 TeV high'PT objects (“Worth keeping” - should

- Data included from 2012-04-04 22:37 to 2012-11-19 13:05 UTC . o
2 9-‘- ——————— o contain the physics we want to see!)
E 8 Max. inst. lumi.: 7.54 H: ot 8
E‘ 7 . ‘ CMS Integrated Luminosity Per Day, pp, 2012, . s — 8 TeV
é 6 ' Dote included from 2012-04-04 22:37 to 2012-11-19 13:05 UTC 150 SetbaCk: events not stored are Iost forever'
£ ] : CM LHC Delivered, max: 285.8 /da . . .
3] 2 300] W = s Necerded, mars 2B A cey 300 (what if we missed new physics?)
® 2
; 3 - 250 250
2 Z
T 2 "8 200 : )
Q. | £ To know how impressive those numbers are, compare:
" " E
§ - S e ot 37 ® Runll period (2002-201 I), Tevatron collected 10.5 fb-!

wt oY e R T

> > ’ o:t, (u;c, oY g l:: :o e LHC 2010 year, collected ~40 pb-! (PicoBarns!)
g 1 ® LHC 2011 year, collected >~ 5 fb-! L
- 0 0
o e ot gt

e e —
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Surviving in high-luminosity and high pile-up scenario

CMS 2012 strategy
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Data handling: software

® Handling such enormous amount of data is a real challenge!

® First action: optimize the software performance, both online and offline

® improvements on software algorithm, expanded HLT farm

Reconstructon. CPU per! - Memory Curves (HighPleUpHPF 100 Evts)

% s/ eV additional CPU power, updated Linux kernel&compilers..., better
& 1500 ~30's / evt Q& algorithms:
‘ more than double speed/event
| over 33% memory reduction

time [m)

® But...actually, processing the data much more costly than collecting and storing it, so...
® Why not increase recorded data beyond current ability to process it!
® collect much more data now - no immediate processing possible

® reconstruct and analyze when computing resources are available (e.g. long shutdown starting in 2013)
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® Trigger Rate for “Prompt-reconstruction”: 405 Hz
® Trigger Rate for “Parked data”: 304 Hz (now: 600 Hz)
® Keeping almost x2 of additional data that before was discarded!
® “Prompt-reco’: data ready for analysis within a day

® “Parked data”: to be reconstructed next year. Small fraction already being processed.

Data scouting D

However: must make sure additional data is not worthless =~
® Open the box in 2013 only but monitor it now!

® Take stream of data at very large rate but storing minimal information: reduced event
content S< ok for quick reprocessing : immediate reconstruction

® Within that data: which info builds the expected signal (e.j. monojet), store only that
information (e.j.: only jets+MET instead of all raw info: clusters,tracks, electrons, muons, jets, MET,...)

® [f something really interesting is found on data scouting, may consider to implement looser trigger on main stream
(for fast & full reconstruction)

Sunday, November 25, 2012 11



Only 0.13 fb"!

® Scouted data actually used for

s hypothetical scalar di-quark signals
anaIYSIS' A at different masses
First real case: ;!
o . A— K
® search for new physics in hadronic final states 3 " ;e cus Pretminary 013
(resonances on dijet mass spectra) i * B
c 1 n . QCD Pythia
. . . g E Jet Energy Scale Uncertainty
® Event selection: 2 jets with low transverse 8 107 e i
momentum (pT) S |
® Trigger: overwhelmed by enormous amount
of QCD events => huge rate: ~103 Hz
=> impossible to maintain all data in ‘normal’
format siob 1000 1500 2000 _ 2500 __ 3000

Dijet Mass (GeV)

o Sco’l’n.:lng: store only 4p of.the Partlcle- 2012, We can beriefit from aliost
flow” jets reconstructed during High Level the full integrated luminosity (>15 fb-1)
Trigger online processing. Nothing else! ‘-,

N ~A
(resolution ~1.05x worse wrt offline reconstruction)
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Trigge r improvements

T ————————————

CMS Preliminary, ys = 8 TeV CMS Preliminary 2012, ys=8 TeV
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Plle'UP « simultaneous pp interactions = InstLumi'
I . *'—-M

o 2 CMS prevlir'nvina:y ' Cs = 8TTeV
o cuS pretminary =8 Tey & it e o <
® excellent tracking: identify B g f T Jets° o 1.8 b<13 ;
. o) A - g @ [ o BN, <5 ]
track&vertices < f osan, =g;°*;";osns : “ 1. before :TJ";’“Z
0 B ocronc deposts T S PR
3'- - h ie-up 2 ¢ N WeN, <25 |
® JETS:remove charged t BN cherged hadrons ] 30 S SR oy
. o i ) « ' ", '.T'o... ®
particles coming from 08} £ . et
i ) 8 i 1‘00..0000.0...0ollix;"'lii"'.‘.’l;..’!
secondary interactions I ~
g 14 0.8f .
® s PU: t 8 1.2 N 18
remaining PU: correct average 9 o' Gev)
energy/area [f 1?—“.“00"'l.l'o"ocouo.uno-u'.:.. L)
after correction
-5 -4 -3 -2 -1 0 1 2 3 4 5 08- PR S A W | i eeddedd
N 10° 10°
p(_;t:fl (Gev-)
Muons ’ \ - 'Remarkable
CMS Preliminary 2012 Ns = 8 TeV h .
— 002 CMS preliminary 2011-12, =7-8 TeV L>; 1 | Improvement on muon
S | —— 7TeV Data 2011 EEERARR RS i S ae . .
e | Fit 2011 . ‘S 09 T e~ YT ORI tl‘lggel"s.
g 005 - :itTZ:;ata o : E s ""44;3;; - . using detector-based relative
& . - F_ﬁ; ’+ | isolation with PU-corrections
@) , | 0.7 | . . .
g on ji - before = 2. improving track quality
S _ Y ass p. > 26 GeVic, |n| <21
= F ] 1 * | il Corrected rate
T K . 1.. —a— Run 2012A . .
after correction = s o ‘dependency with Lumi
- ' ; " 50% rate reduction for |
0 | 1 |2000| 1 | 13000I L1 I4000] | | ISOOOI |1 |6000| L | 0 5 10 15 20 25 30 ‘
Instantaneous Luminosity [103°cm'23'1] Number of primary Vertices nearly SffICIency 7 ‘
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CMS physics results

HIGHLIGHTS
(apologies for unfairness on highlights choice!)

~a A - o 2 P 'sv.(.. < I"
- - . o
- G
. &
u E .-<"f-:.\n..’ »T

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Sunday, November 25, 2012
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Physics happening of the ea

w—

® After many years of high expectancy and hard work

® it finally "arrived'!

- »
@ A= -
-

-

-

BOSON

® Will‘it’ be responsible

for EWK symmetry breaking ?

Not many details in this talk

See also |.Virdee (plenary) and other CMS talks
on parallel sections

Sunday, November 25, 2012

- (spin #1, it couples to photons!)

l H—=yy ;
- \s=7TeV,L=5.11" M
500; \s=8TeV,L=53"
i 3
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7 TeV: £=5 fb'!

=" JNew boson discover ) |

e Updated aﬁé'.%jmy'#h{'—}'zzmi e Spln/Parlty test: JF:0° vs 07

CNS Preliminary VeaT TV Le5h eWsaBTeV Le128 CMS Prelmnary \E=7TeV. Lw Bb'Ys=8TeV.L»1228%
50 3000}

EETEECeS
= g

C“Spellll' S=7TeV.L=5050" (s=8TeV.L=12210

)| Janihillasiuie A AL A R H Al LA
18! ’

19 [zrzz

14 m,,=1250ev§ | h
12! ‘; “-  excellent mass

- 1 I g : resolution {3

&

04 45

s

+ 0" hypothesis §

25005 D
_ favoured:

scalar w|coupling
to fermions and Z §

L L
0 22 12'5(M‘<13:’5'SCV

™
>
m,., [GeV]

Events / 3 GeV

Generated experiments

1 -9
. - ALA_J

& 0 B0 10 0 0 10 1m0 2 % 20 -10 0 @ 10 20 30
| mn[GeV] - -2x|n(LO_/LO.)

8
6
4
)
0

ol g i 3 O i . ' i > il S

HoWWolivy B
New shape analysis (8 TeV)

- observed CMS prphmlnary

«oo Mpdian expected
expected £ 1o
expected + 20

— signal inection m 125 GeV £ 20 (s1at )

[
Q_-

H - WW
L=49°(7TeV)+12.11b° (B TeV)

-
o

signal vs bkg 2D cut (MT, ||) plan

[
L ,

95% CL limit on o/6,,

o
o
o
Z_ _ ggH, my=125

10

110‘ — 200 .3(}() 40‘0‘ 500 600
Higgs mass [GeV]
Significant excess:

3.10 (obs) 4.1 (expected) |}

AN R VI T R e
g =
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New boson discover

i boson
©
1 »
c
E
-
o
2
wn
o
y CMS, Preliminary, H -
5.0rvv-|'ry"
T —e— observed
B 4.5

— @xpected

B + 1o expected
[ ] * 20 expected

Including VH

W =
w o

L) l"llll"'ll"l'll"l"'lll'll

/

95% CL limiton ol/o,,

N N W
© »u o

.y
(=)

ks ok g

; ® Updated after July 4th. H _’TT

f ® New after July 4th: H+ vector ,

CMS, Preliminary, H —» 17, L=17 fb" 3 ,_

-0l

b

=~

4.5
4.0
3.5
3.0
2.5
2.0
1.5

L) LJ L L) ' L) L) LJ ) [

—e— Observed
signal injected

I * 1o injected
[] *+ 20 injected

H+V not included
SM signal injected

LJ L) LJ L) l L L

95% Asymptotic CL Limit on o/cy,,

1.0
0.5

'Y"l"" "'II' l"' """'l""l""l’""l""

A L s L l AL A L A l

50 g - -~

6

- LOF B e

CMS Preliminary

VH(bb), combined

1s=7TeV,.L=51fb"
5 1$=8TeV,L=12.11b"

—e— CL Observed
e - CL H125 injected

--e- CL, Expected
mm CL_ Expected * 10
CL_ Expected + 20

110 115

- Sulb. stal. uncert. |
BN VH(125 GaV)

v |
MC uncert. (stat) |

:
-
-
- d
— r 4
- A Data
B § __ CMS Preliminary _*
- i 8°ﬁ ise7TeV,Lu50m'
- . p L isw8TeV,Lw121M'
. 4 ] | « VH; M — bb
i & 2 0 ™
- ; o ’
E 4
o
L A L A l L l-

0
110

A e A A l A A A A

| -

120
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e " A l .. A
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~ _ <.
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0.0
110 120 130

140

130

140
m,, [GeV]

/-4
& ;

7 TeV: £=5 fb’!

8 TeV: 2=12 fb’!

120

Z(I'I")H(ob)

Z(vV)H(bb)

W(Iv)H(bb)

125 130

135

m, [GeV]

15=7TeV.L-50M \s=8TeV.L« 1210

CMS Preliminary m, = 125 GeV

2 4
Best fit 6/c

W WY W U W W -~ ——

6
SM
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New boson discover

Nov/2012
CMS Preliminary {s=7TeV,L=5.1fo"' {s=8TeV.L=12.210" \s=7TeV,L= 51fc' \s=8TeV,L=122fb"
q) 1] | I I I —— | | I I ] L 1 1 1 L1 1 1 L__L__1__]
= -0 CMS Preliminary m,, = 125.8 GeV
g 30
CIL 4c
C_UU _5 H — bb L
S 129
— ‘s, ]
* 166 H— 1t i
:: ““v ::?G H_}T,T -
10"13 —| === Combined obs. |*, —
| === Exp. for SM H —
[ — H— bb - —86  H_>WW o om
— | = H— 11 * —
10717 | —H-m -
| =—H— WW . ]
__—H—:-ZZ | | *"L | ] H Z7 —-l—
IIIIIIIIIIIIIIIIIIII ‘IIIIIIII lllilllllllllillllll
110 115 120 125 130 135 140 145 0 0.5 1 o 55
my, (GeV) Best fit o/ocg,,

Overall significance and signal strength
— observed: 6.9; expected: 7.8 [ signal strength: 0.88 £ 0.21 ]
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| CMS HIG 12-045 §

1

- Nov/2012

Combination of Higgs Results

CMS Preliminary Is=7TeV,L=51fb" 1s=8TeV, L=12.2 b’

E 2_0 T 1 T T 1T 1 I ]
' SM Higgs @ Fermiophobic ¢ Bkg. only Qn - .
............... - 1.8F -

1.6F -

no
|

Kg (scaling of fermion couplings)
1

g . — 1.2 :_ P _:

5 ST TN )

1.0 S ~QN .

1 B : \ ", i

i o oo\ N\ 7
08¢ \\s N R

| 0.6 - T . HM""-. ) ."-,.__
0.5 i T, = i
04 - ..:..___‘“"-“- -”.'",-__

N\ 0.2§— —

m““““m"j“““““-m - . [ o | ||||||||| I | | | |
0 0.5 1 1.5 0.0
Ky (scaling of vector boson couplings) 0 1 2

Couplings look consistent within 2 standard deviations
—  Fermions versus vector bosons
—  effective gluon versus photon couplings (loops)
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b-physic

R ——
® Not only new bosons show up in our detector: new baryon

> 30r s 16
2 foms _ 2 | cms o
S ..f PP, \s=7Tev ¢ Same-sign data o~ 14 pp, Vs=7TeV e  Opposite-sign data
1: 25; L=53fb" = - Background 5 - L=5.3fb" —— Signal+background fit
8 B % 12 [ AN EEECECE Background
7] I o L
g2 @ S 10F ®
-O - - —
2 15[ £ 8f
g I 8
uf 10] WL % o 6
R U | 4
L" 2 N
ok \ \ l o S G L lwl l 1
0 100 -~ 200 300 : 0 10 20 30 40 50
MUAET®) - MUAPYE) - M) ['V'e MUAE ) - MUAE) - M(z) [MeV]

® Mzp= 5945+0.3+0.7+2.3 MeV

® not as exciting, no indication of
new physics

® still working on spectroscopy

® decay chain: =, % = =y 11"

® Rare decays Bc_’J/\‘I’r'IT'IT'IT (observed) BO, BO _’|J|,l (limits)

140 ‘
% N, =108.19
01201 o=0.021: 0004 GeVic®  _
& m, =6.265 1 0.004__ GeVi/c’
= , !
£100 p,(B,)> 10 GeVie
‘g B ) <16
& 80

60

40 ~

CMS preliminary + - ) .
201 s=7Tev syt
- L=47M0" ? :
o | | y | 4
58 6 6.2 6.4 6.6 6.8

Jhpx'xx* mass (GeVic?)

Sunday, November 25, 2012

Variable | BY — u*p~ Barrel | BY — " u~ Barrel | B ptu” Endeap | BY = u" p Endcap
Erot 0.0029 = 0.0002 0.0029 = 0.0002 0.0016 = 0.0002 0.0016 = 0.0002
(:' 0.24 = 0.02 2.70 = 0.41 0.10 = 0.01 1.23 = 0.18
Newo | 0.332007 0.18 £ 0.06 0.15 £ 0.03 0.08=002 |
N rexp 0.40 = 0.34 0.59 = 0.50 0.76 = 0.35 1.14 = 0.53
.\;.; . 0.97 = 0.35 347 £ 0.65 1.01 £0.35 2.45 = 0.56
Nove 2 2 0 2
upper limit (95%CL) observed expected
0 ag— -9 —9
B(B® - p p) 7.7 x 10 8.4 x 10
0 + - —9 —9
B(B" - ptu) 1.8 x 10 1.6 x 10

No enhancement indicating new physics: SM holds!
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CMS Preliminary, \s=7 TeV

CMS efu+jets
TOP-11.003 (L=0 8.1 1M)

CMS rt+jets
TOP-11-004 {L=3 V%)

CMS diepton (eeuu.ep)
TOP-11.005 fnal (L=2 3M)

CMS diéepton (et u1)
X 12036810 (L=2 2/%)

CMS ali-hadronic
TOP-11-007 (L=1.1M)

B Agproe NNLD OCO, Alew of ol , Compet Prwys
[ Bt

[— N )s =l

0 50 100 150

CMS Preliminary

Comme
w NLO OCO Maewhn, Phys Rev D 82 (2090 120000
Zkvn NNVLD QCO. Advorm of of . JHEP 1009 Q010 0BT

L<5 b

from b to

O |

CMS Preliminary, 1s=8 TeV

156 £12+£33+3pb

ol & et 2 o 4 e )

162+ 2+ 5+4pb

fval & nied 2 upnt 2 e )

143+ 14+ 22+ 3pb

fval & il 2 myd 2 e )

136+ 20+ 40+ 8pb

vl b w2t 0 wyst p o)

w02 2011) M

CMS I+jets (e/u+jets)

TOP-12.005 (L=2 &)

CMS dilepton (ee i .eu)

TOP-12-007 (L=2 4M)

CMS combined

(‘HS 7L 10 <‘ <;xt0

~EF

CHS.Z\ 10 leplon+jets

OF- 10009 (L=08 8 )

(‘HS ?L 1’ dilept on

3 L350
CMS 2011 leplon+jels
Xy 1200 2349 (Le5 O
CMS 2011 xll)(!
PAS-TOP- 1101

CMS combination
uwpiols50m

Tevatron 2012 combinabion
MX 10T 10802 ep o S AR

160 165
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TN Agpeos. NNLO OCD, sidoneion, ey 208 2480 (002

0 Aopree. NG OCD. Contian of o, arXov 1171 55300 2911)

[0 Aopees NNLO QCD, Langeefedd of o PRD 30 Q000 OM000 (Souie § FOF wnceriardy
B Acproe. NNLD QCD, Langenfield of ol M0 30 2000) 054000 (Soule sncerisrty)

100

200 250 300 0
a(tt) (pb)
I
. 1755146146
— 17312 2.1+ 27
— ' 1725204215
=~ 1735104+ 1.0
e 1735407+ 1.3
0 fridEsasse
e 173206+ 08
170 175 180 185

m,, [GeV]

hysics

t-channel single top quark production

\

T T

q

o [pb]

10 °

228 + 912rJ + 10 pb

frad = wiad & Wyt 2 homd )

L3
22T+ 3+11£10pb

[red & W0 £ o £ N

10

TITT1T

T

==

22T+ 3411+£10pb 1
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* CMS prelimenary, 1.14/1.5
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-------- NLO QCD (5 flavour scheme)

thecey uncertanty (scale  ® PDF)

pbed, Fredere. Makoes. Tramomans, JHEP 10 (2009) 042

NLO+NNLL QCD

thecey uncertanty (scale  ® PDF)

Kodonukus, Phiys Rev O 53 (2011) 091503

llll
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o

400
a(tt) (pb)
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6

Y
o

\/'s [TeV]

top-pairs cross-section at 7 & 8 TeV

Interesting results on single-top (8 TeV):

CMS 201 | alone reaching Tevatron m; precision!

® t-channel: 80.|+5.7(sta)x | I (sys)+4%(lumi) pb

® tW-channel: [6*>_4 pb:

~30% precision!
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remarkable agreement with the SM

lop properties s

CMS Preliminary, 5.0 fb™ at (s =7 TeV ~ 06— I . -

R v ———

Asymmetries
_ N(Aly[>0) — N(Aly| <0))

°C = N(Ay[ > 0) + N(Ajy[ < 0)
Ac=0.00420.010(st)£0.012
(sys)

>

= oF
2000r T | [ s> cL
1800 ) . B 0.4
«f. SPin correlations . .. i . [loswcL
. : 0.2 I
1400 - V=1, V=0
1200f— o
1000|— B
- : -0.21-
800?—-‘----: Fit -
BOOf="" e Backg. + tt without correlation 0.4
400; -------- Backg. + tt with correlation i
: BaCkground 067\ 11 ‘ L1 1 I L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 | ‘ L1 1 ‘ L1 1
200 —] %1 08 -06 04 02 0 02 04 06 08 1
07I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I. - I Re(gl—)
0.5 i 75 2 25 3 imits on anomalous
Ad
I+- °
’ couplings

Mass difference:
Ameop= -0.44£0.46(st)£0.27(sys) GeV
(no CPT violation)

top polarlzatlon

F | Rl RAEA RERS YA L BARN B L RARE RARE RAN =
@: " CMS Preliminary, 5.0 fb” at \Vs=7 TeV )
= L
O —%— ( Data - BG ) Unfolded
S 08 7
g [ Syst. Uncertainty
'8 - —— Powheg parion level
e} 0.6_— -
o
‘f_*_—m_ y _!
04

Pnh= -0.009%0.029(st)£0.04 1 (sys)

1-08-0604 02 0 0.2 040608 1

cos(e )
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tt+V, tt+H Iggs

HZ) [pb] U(HW) [pbl a\lIV

Trilepton Analysis 030 g}: - - 0.66 +032 <0

oaﬁ

402
025 -0.05
Dilepton Analysis ; 0.28 *0M 1004 0.45 *017 400 ttH W|th t— an)lth IN g
Combined - - 051 *313 100
NLO Calculation 0.1387 0.169 0523 0.308 H » bb
CMS Preliminary L=498 10" & Vs =7 TeV .
b I (o S [N KAt e BN bl Aol B Lepton+Jets and Dilepton  CMS Preliminary, \s =7 TeV, L=50fb
-~ Observed '
—e -
s Expected = o
Expecied = 20 -
——

A Trilepton Analyss
(scaled from )
B Diepton Analysis
(direct measurement)
- o - ® Combination
NLO Calculation

0 02 04 0608 1 1.2 1.4 16 1.8 N T T T T
tt+V Cross Section [pb) b e - - - e




Electroweak: cross-sections

Nov 2012 CMS
o) = 5 : =
fol i W . O 7TeV CMS measurement (stat®syst)]
1 05 __ : . Z . ¢ 8TeV CMS measurement (stat@sys£
D:é = E — 7 TeV Theory prediction =
[ ! : . e a— ]
- 2 — | ——— 8 TeV Theory prediction _
] 4 O o1 :
s 10 . =1 : 5
= S —o- : ; -
S - O =2 | : | _
3 | : 5 : |
D107 23 . < Wy : =
c,) — | . . | . | | —
% = = =3 o 4y ; ; =
5 102k 4 s L oWz WW o -
= ; 4! ' I o SRS E 3
S = 3 g | = Wz =
s £ : e Sl PV
(3] | ES > 30 GeV . El>15GeV ; 5 L
=) 10 = - : : e
O = In*®1<24 " AR(y,l)>0.7 g -
O C | | .
i B | | | | ]
1§_ 5 6. 19 o 5 o 5.0 4.9 o1 49 o'l S
— 1P 20 | 35f" 1] 53fb" I
JHEP10(2011)132 CMS EWK-11-009 CMS-PAS-EWK-11-010 (W2)
JHEPO1(2012)010 CMS-PAS-SMP-12-005 (WW7), i
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)
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Electrowe

Sunday, November 25, 2012

W—»_—
CMS \s=7TeV

! lumi. uncertainty: +4% '
oxB( W+) 0.99 + 0.01exp = 0.05 theo
oxB(W") 0.98 + 0.02 gxp * 0.05 theo
oxB(W ) 0.99 + 0.02 gxp * 0.05 theo
oxB(Z) 1.00 = 0.01 exp £ 0.05 theo
O’XB( Z— 1t ) 1.03+£0.10 exp +0.04 theo
GXB( W"{ ) 1.12+0.18 expioos theo
O'XB( WW ) o 1.29+0.18 exp + 0.00 theo
oxB(2Z) 0.59 + 0.33 gxp + 0.01 theo
Sin°Bef 0.99 + 0.01 exp + 0.00 theg
RWiZ U.98 £ 0.0Z exp = U.0Ttheo
RW: 0.99 + 0.01 exp +0.04 theo
o( W+>1-jet Yo( W) 1.10 % 0.17 exp *+ 0.00 theo
o( W+>2-jet )/o( W) e 1.13 + 0.21 gxp % 0.00 theo
o( W+23-jet )/O'( W ) } 1.03+0.25 exp + 0.00 theo
o( W+24-jet )/O'( W ) & i 0.79+0.34 exp + 0.00 theo
o( Z+21-et Yo( Z ) : : 1.00 + 0.16 exp % 0.00 theo
G( Z+22-jet )/G( 7.3 ) b i 0.97 +£0.20 exp + 0.00 theo
o(Z+23-jet )/o(Z) ° 0.82 £ 0.29 exp * 0.00 theo
o(Z+24-et )o(Z ) | ,  0.93+0.64 gxp + 0.00 heo

| |

0 1 2

Ratio (CMS/Theory)

ak: SM summary

Cross-sections
and ratios

EWK mixing
angle

* high-precision
* compatibility
with the SM
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Searches for new physics:“exotica™
DR ——— - gl : ‘

Z'SSM I

Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM |l (fob=0.2)

G, dijet

L

b’ = tW, (3, 2I) + b-jet -
q’, b’/t’ degenerate, Vtb=1 -
b’ = tW, l+jets '

B’ = bZ (100%) -

T~z (00%) [ Generation

I
l

G, ttbar, hadronic ' = bW (100%), I+jets -
G jet+MET k/M = 0.2
t' = bW (100%), I+l
G yy k/M = 0.1 = bW (100%), 1+1
G, Z(I)Z(gq), k/M=0.1 0 1 2 3 4 5 6
W,V;li.:,: —_— gluino, Stopped Gluino
W’ —>jtd ="—‘ stop, HSCP
W’ = WZ(leptonic) d stop, Stopped Gluino
WR’ = tb — stau, HSCP, GMSB
WR, MNR=MWR/2 i hyper—K, hyper—p:1 2 TeV
WKK p = 10 TeV = ) fractional charge, q=2/3e
pTC, TC > 700 GeV ; | | fractional charge, q=1/3e
String Ball M, MD=2.1, Ms=1.7, gs=0.4 ! multiple charge, g=2e
String Resonances (qg) " multiple charge, g=3e
s8 Resonance (gQg) neutralino, ctau=25cm, ECAL time

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qQq)
Axigluon/Coloron (qgbar)

“il

e, N=2TeV
pe, AN=2TeV

gluino, 3jet, RPV | | | | | LQ1, B=0.5
0 1 2 3 4 5 6 LQ1, B=1.0
. ’ LQ2, B=0.5
o (q), dijet a2, p LeptoQuarks
g* (W) LQ2, B=1.0
* (a7 LQ3, (bbnunu) Br(LQ — bvt) =1
? “ ) LQ3, (btau) B=1.0
T, dijet pair stop (btau)
q”*, boosted Z . 1 ) . . ; .

Mass exclusion summary

0 1 2 3
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Searches for new physics:“exotica™
R e ——— ——

® ..and even more searches

® no sign of new physics whatsoever

Some of these were updated
for HCP 2012, but always the

Contact message holds:
Interaction
C.I. A, X analysis, A- LL/RR

Good-old
Standard Model
doing very well!

C.l., dimuon, destructve LLIM
C.l., dimuon, constructive LLIM

C.L, single lepton (HnCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

Sunday, November 25, 2012
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Supersymmetry |

® Excellent idea, hold on to it till the end...

® casily solves symmetry breaking problem

® lightest SUSY particle (very weakly interacting): good dark matter candidate

® No signs of new physics anywhere else: simple models being squeezed, but

parameter space is large

CMS preliminary | mmother)—m(Lsp) =200 Gev T:j;jg.?s m(LSP)=0 GeV

T1: 5—qaX’ | gluino

T1lbbbb: §—sbbi° gluino

Titttt: g—ix” | gluino

T2: §-4%° | squark

T3lh: 5—4e(x8 =11 X°) | gluino

T3w: §—qa(x* =WX'1X") | gluino y—'_‘

T5Inu: X* =501 | gluino

T52z: §—qa(3 »2X°) | gluino

TChiSlepSlep: ,%* —Ulwi’X" | chargino/neutralino

L o 7 TeV, < 4.98 fb!
TChiwz: ¥* x5 =Wz}’ chargino/neutralino T

0 200 400 600 800 1000 1200
Mass scales [GeV]

Sunday, November 25, 2012

Limits on constrained minimal SUSY:

};,/(/\)
4 500

Jets+MHT

500

1000

1500

CMS Preliminary L _ =4.98 fb",\'s=7 TeV
T T T | T T T T T T T T T T T

tan(p)=10
A,=0GeV
u>0

m, =173.2 GeV

|:| LEP2 7"
. LEP2 % *

m(g) = 1000

m, [GeV]

® What is left to be looked at?
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“Natural SUSY” solves hierarchy problem:
one Ilght stop (and light sbottom by weak isospin
synmetry) cancel top radiative

correction to Higgs mass

. Direct searches |

I

Search I: "t "t 2tX%x° = tt+MET—
bWbW+MET — b+j+j +b+I+MET
» | |lepton, = 4 jets (| btagged), MET

Search 2: b "b— txtX > tWX%tWX

» 4W’s and 2 b jets in the final state: two
leptons of same-sign, =z 2 b jets, MET, (signal
enhancement:) Ht

Search 3: all hadronic final state ® =2 b
jets, XT ( =Et(j2)/M71(j1,j2) optimal var. suppresses fake MET)

Sunday, November 25, 2012

t— b )(+ - b W* x°

o Preliminary Vs=8TeV, fLdt=9.7 fo’

J > e B PRT I T F 1T 7 I g:8 0.-°8 [ LR I' LI L [ .80 0.8
o M; > 120 GeV —&— Data
©10° B 11we

| g —

| % ] wees

| o B e
= ——— T SM +T = 1y’ (450/50)

| 9102 == SM+1 - by’ (450/50/0.75) 3
w ..... =

B—:t)(—?tW'x°

...................
..............

150 200 250 300 350 400 450
ET [GeV]
ata compatlble W|th bkg only

|
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Heavy lons

) el
® EWK bosons production ® Onia suppression

2CMS (t preliminary) prpb\lsﬁuz 2:76 TTev nuclear mOdiﬁcatiOn faCtOr: :E _| L L I L L L LB I_
! : I - -z](o 100%) " >!2060V1c 1.4 CMS Preliminary, PbPb \s,,, =2.76 TeV ]
1 '8PJ‘ Lm0 “bd W (0-100%) "‘> 25GeVic | NAA 1 : ¢ Y(1S),0< pi(ﬂ <50 GeV/c -
i s P, a aa = 1.2 tes) N
1.6 —@&— Isolated photon (0-10%) — Npp NCOU B ° Y(29),0< Pr < 53 GeVic |
B ®m Prompt Jiy, 6.5 < pTw <30 GeV/c i
— O

1.4+ 1 ]
Several probes : vi<24 _
1.21- = o o 0.8 |
o . | N g1 different medivm + :
x N - 0.6/ 0 -
0.8 T 1) tfm?) B .
8 _ : .
0.6 Y(1s) 0.4+ *—
| . - | x1P) IS i
0.4 ' Inas)ves) 0.2— * ] —
0.2 - % (2P) Y(35) B + + ]
| A 7‘(1P) w(25) O||||||||||||||||||||||||||||||||||||||

0 | L | . | g | R | . 0 50 100 150 200 250 300 350 400

0 20 40 60 80 100 e OO Noar

p,(m,) (GeV)

E Preliminary CMS PbPb |5, =2.76 TeV 7

Bosons: Raa~I, not modified by the medium ™™ “nr e TOr | SR

: E 3 _ -1 ]
o >4 GeVit i 600 PbPb fit Ly =150 ub

F oo pp shape p: >4 GeV/c .

Charm, bottom-onia: Debye screening at AL | [N Pbe
different medium temperatures, for different £V, L S
states AR L L AL
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Publications

CMS Spain
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Number of CMS publications

—— m

Show all Total QCD Supersymmetry B Physics Electroweak

Top Physics | Heavy lon Forward Physics  Standard Model Beyond the SM: B2G

195 papers published
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Spanish contribution to CMS in 2012

R e —— A —————
® Higgs ¢ Muon-related activities
: . e CIEMAT: “Physics-object” group coordinator,
¢ IFCA-Oviedo:H=WW “Trigger” coordinator, “DT Technical” coordinator,
e CIEMATUAM:H—ZZ detector & electronics maintenance (DT)

e UAM:LI trigger responsibility
® |[FCA:DT alignment (link tracker-DT barrel)

® Electroweak Physics
o CIEMAT: W+charm

e Detector upgrade
® |[FCA-Oviedo:WW and WZ cross-sections

e CIEMAT:“DT upgrade” coordinator

® Top Physics ® B-tagging

® IFCA-Oviedo: cross-section in |l channels e CIEMAT: efficiency in data&MC from long-lived J/Y
* CIEMATUAM:Wtb coupling structure ® [FCA:"Performance” group coordinator, software
e C|EMAT: combination ATLAS+CMS management

® Computing
® Resources:Tier-1 (PIC),Tier-2 (CIEMAT,IFCA):, Tier-3

® SUSY searches

® [FCA-Oviedo: dileptons+MET (Oviedo,UAM)
® Heavy lons e CIEMAT: “Computing Integration” coordinator
e CIEMAT:W production in heavy ion ® Run Coordinator: (CIEMAT)
collisions e Collaboration Board Chair: (IFCA)

e ’ E— - —— ]
- These items do not include an extensive list of tasks performed and finished by Spanish groups prior to 2012 |

{' S — ——— = ———— e ———— == — — = =

R

—
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2012, a year of most excitement on CMS lifetime

Conclusions

e : m

-~

® CMS detector in good shape
® Excellent performance from LHC startup until now (~ 3 years)

® First long LHC shutdown planned for 201 3; intense activities on detector upgrade (not covered)

® LHC operation smooth, delivering a huge amount of data
® Pile-up (side effect of high luminosities) taken care of in many fronts
® data collection, storage and processing:

® improved triggers (logic and software), data parking (later processing), data scouting (reduced event
content)

® Physics objects definitions improved (area corrections, tracking) to mitigate PU effect in data analysis

® Physics highlights overshadowed by discovery of a hew boson X(125.8)

® Physics program (primarily) oriented to characterize this new particle

® Updates: 70 ; small bump starts to build up on H—TT ; better compatibility with SM Higgs
® ... but not only:

® interesting searches for new physics: exotic models, SUSY: so far, only standard model results

® precision measurements in top, b- physics, QCD, heavy ions

Looking forward to the next big ‘advent’!
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Backups
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® |f Higgs mass=125 GeV: stronger constraints on SUSY models

FMahmoudi et al CERN-PH-TH/2012-307

~135 [rereee R RERERE e et

B NUHM >

.mSUGRA 9,130 .............
VCMSSM = f

B ~AvsB 125

Bl cNMssSM 490 E_

.No-scale
mGMSB 115
[ A Jor g R SN g e A e oo
110 1000 2000 3000 M0 "0 20 30 40 50
M (GeV) tan B
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Figure 1: Diagrams of the hadronic models: gluino pair production (T1,left) and squark anti-
squark production (T2,right).

Figure 4: Diagrams of T3w (left), T5zz (right).

Sunday, November 25, 2012

Figure 5:
(right,top), and TChiSlepSlep (bottom).

Diagrams of chargino and neutralino production: TChizz (lefttop) TChiwz

my|mg= = x-mg+ (1—x) - mgpo
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Razor variables in SUSY searches
R —

CMS PAS-SUS-11-008

Search for SUSY using Razor variables ~' "

* Search for pair production heavy particles
— squarks and gluinos

* Obijects grouped into two “megajets”
— perform event-by-event test that they represent visible portion of decays

* Use two kinematic variables: My and R
— Evaluated in razor frame:
Mg is invariant under this longitudinal boost

Mg = /(B + B2 — (ph + ). € Mgpeaks at M,

MR = \/ET PT T PT ET }_7’%2 < M, edgein MTR

Ma MR

MR . .
L < Ris ratio of the two and related to MET

R 1
Mg
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ELA

2 A 7 P

> +

§ H 7' Matrix Element Likelihood Analysis:

& : ..

2 17 uses kinematic inputs for

S / 1 9 . . . .

3 S\ g ,  signal to background discrimination
» - - % _ *

3 " p {m;,m,,6,,6,,0%,®,®,}

(O]

L

S —1
S —

% @ Psig(m17m27917927(ba9*7(I)I|m4€)

O

£

S

E CMS Preliminary 2012 Vs=7 TeV, L=5.05fb™"; Ys=8 TeV, L=5.26 fb™' CMS Preliminary 2012 Vs=7 TeV, L=5.05 fb™": ys=8 TeV, L=5.26 fb™' CMS Preliminary 2012 Vs=7 TeV, L=5.05b™"; Ys=8 TeV, L=5.26 1b™'
§ :.;,,0.15'"|"'|"'|"'|"'|'"I"'I"'I"'I"‘E Bo.z:ll‘l]l"ll"l]‘l||TIlIl‘lIl: é,0.1Elll]'ll|ll||lll|lll|lll|lll||l||1|1|||l:
o Soob SMH(125Gev) | 5018 1 5%
2 +— U.UO ZZ B .._.0.16_ - .._.0.085— —E
E 80.07) 49 Z 80.14% 1 ®oo7p -
L 'g0.06 j ﬁ0_12% 1 Fo0.06

@ 0.05 7. % 0.1 - % 0.05

% =0.04 < 0.08f 1 So0.04

g 0.03 0.06 — 0.03

S 0.02¢ 0.04F - 0.02

N L % 0.02 & 0.01

: #; % . o
= 0 _ - L | 4
N 1080604020 02040808 O %0 30 40 50 60 017080604020 02040608 1
S cos m,, [GeV] cos 0,

91
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® Scouted data actually used for analysis! Oh')’ 0.1 3 fb-l
First real case:

hypothetical scalar di-quark signals

search for new physics in hadronic final states A at different masses
|
|
Resonances on dijet mass spectra predicted in many | AR R OB S
Q , ®— CMS Preliminary (0.131b ) !
models : Z’ or W’ with SM couplings, Randal-Sundrum gravitons (extra- % 10 ' Fit 1
dimensions), technicolor.... 72" ' QCD Pythia i
g 1 Jet Energy Scale Uncertainty !
Event selection: 2 jets with low transverse momentum © ©'} . |
= EA EXO-11-094 PAS
(p1) and low Ht (Ht =2 pt of all jets with p7t>40 GeV) 0t !

10

Trigger: require H1>350 GeV (or dijet mass>400 GeV)

10 |

Scouting approach extended
the dijet search below 1 TeV

10”

=> overwhelmed by enormous amount of QCD events ;
huge rate: ~103 Hz

Residuals

500 1000 1500 2000 2500 3000

=> impossible to maintain all data in ‘normal’ format Dijet Mass (GeV)
Scouting: store only 4p of the “particle-flow” jets r'\" ?0“12 we Caf(\j ?ent?fit from 811|r5n;>bst1

. . . . > g
reconstructed during High Level Trigger online e i integieg umina=i L )
processing. Nothing else! ey

(resolution ~1.05x worse wrt offline reconstruction)
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Heavy quarquonia suppression in Heavy lons

| — i
® QGP: deconfining medium

® Screening radius : « |/energy density

® or |/(density of colour charge)

T 1/(r) (fm1)
e\

- 1Y(1S)

: 7~b(lp)

J/y(1S) Y'(2S)

% (2P) Y'(35)
%(1P)  w'(25)

A. Mocsy
Eur.Phys.J.C61,2008

® |f screening radius < resonance size : bound state not

formed

® Quarquonia “dissolved”, appearing later as open ¢, b

® known as Debye screening mechanism

Sunday, November 25, 2012
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