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CONTENTS (AN D DISCLAIMER) INFN_

. CMS presen’red many Nnew resul’rs at ICHEP

* Here presenting a selected list of results
— Focussing mostly on new results on 8 TeV 2012 dataset

- Standard Model Physics
— W/Z cross section @ 8 TeV and differential distributions @ 7 TeV
— Di boson cross sections (WW/ZZ) @ 8 TeV & TGC
— Top cross sections @ 8 TeV, combined top mass measurement, first
observation of tt+V

- Higgs search
- Observation of a new boson around 125 GeV

- Beyond the SM
- New recent results from searches

e All physics results can be found @
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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VERY GOOD UNDERSTANDING OF PHYSICS OBJECTS INFN

' Istituto Nazionale
di Fisica Nucleare
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REMARKABLE LHC & CMS OPERATIONS ~ /NfN

Expected size of 2012 dataset >15fb-" High fumi Come§ at a cost: in 2012
already exceeding detectors
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ELECTROWEAK STUDIES INFN

* W and Z production at LHC  [rsvna e comariion T T ]
— Precise test of the SM ol h ovetron el 41
— Help to improve understanding 10 : | v
of proton Parton Density 10° 110 "o
Functions (PDF) 10 {10 §
— Candles used to calibrate our F o ) "%
detector (trigger, energy scale, 8 :: 104
efficiencies...) ° b . 1,8
F o (E.7 > 100 GeV) )
— They are bkg for many searches wb 1 &
P 2 O
* New studies presented @ ICHEP o 1.6
— First inclusive W/Z and WW/ZZ 10
xsec @ 8 TeV 10° E_M.FmseeV{ 1 10°
— Detailed ditferential distributions 10° £ 110°
INn Z+jets events 107 b= 10°
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* In 2012 performed using special low pile-up runs

* Looking also at absolute inclusive xsec and ratio (W/Z, WT/W-)
with reduced theorefical and experimental systematic errors

e Good agreement with predictions

CMS-SMP-12-011
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. Crl’ncal test of pQCD a’r unprecedented IeveI
— Background to a plethora of searches

* Now studying differential cross-sections and event shapes in Z+jets events

 LO matrix element (many legs) + maiched parton showering accurately describing data

in all regions of analyzed phase space

Events / bin
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Q
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couplings
to fermion

W

s-channel WW s-channel WZ t-channel WW (similar
diagrams for WZ, ZZ)

* Critical test of the gauge siructure of the SM
— Allows to search for anomalous Triple Gauge Couplings (TGC)

N
0]

 Mandatory preliminary study for Higgs searches: ireducible
background for Higgs searches in WW and ZZ modes

* Probe for new physics
— Resonances with diboson final states

e WW/WLZ/Z1 cross section already measured @ 7 TeV and
found in agreement with predictions
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WW 877 @ 8 TEV N

CMS-SMP-12-014
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Events/25 GeV

CMS Preliminary \/s = 8 TeV, L = 5.26 fb"

s |7 < opama 27
af o =8.4%1.0 (stat) £ 0.7 (sys) £ 0.4 (lum) pb)
Al NLO (MCFM 6.0): 7.7 + 0.4 pb

(NLO for qq—ZZ and LO for
gg—ZZ, MSTW 2008 PDF)

f00 200 300 400 500 600
m’s (GeV)

WW: 2 opposite sign leptons (e,u) + MET + jet veto
All backgrounds are estimated from data

0 =69.9 % 2.8 (stat) £ 5.6 (sys) £ 3.1 (lum) pb

NLO prediction: Campbell, Ellis, Williams.

N (ge s WHW™ 4 qq — WTW™) = 57.25 (+235) pb JHEP 07 (2011), 018.
arXiv:1105 0020 MCFM_
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EWK: GRAND SUMMARY INFN
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* Another pillar of the physics programme at the LHC
— A very special particle (Y+~ 1), the only “free” quark
— LHC a top factory. ttbar cross-section @ 8TeV ~230pb

— Possibility to do precise measurements of important
oarameters of the SM (mi, Vip)

— Critical from the experimental point of view: all subb-detectors
are involved In fop reconsfrucion

* Top sector also interesting to search for new physics

— New particles decaying in top quarks or associated
production with top quarks.
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di Fisica Nucleare

PN
CROSS SECTION @ 8 TEV (NN

e _ — = — == —
e S

CMS-TOP-12-007
di-lepton channel

MET e very clean channel

b-je%':\ * counfing experiment with CMS I+jets (e/u+jets) 228+ 9+2 10 pb
“._ b-jet increasing number of b- TOP-12-006 (L=2.8/fb) (vl stat £ syst. i)
v tagged jets
en,t .
dileptons * e-mu channel particularly | @
. CMS dilept i 227+ 3+11£10pb
BR ~ 100/0 Cledn: derIng The Xsec TOP-12-OIO?F()LSZr.’|4/(f§)e HH eu) (val. + stat.+ syst. + lumi.) P

measurement

CMS combined 227+ 3+11+£10pb

(val. + stat. £ syst. £ lumi.)

CMS-TOP-12-006
lepton + jets channel

EEEEE Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)
1 Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)
[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)

S atld v L good com prom|se [0 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
( MET :
oot between purity and | | | |
b-jet e statistics 0 100 200 300 400
, o(tt) (pb)
je jet e Cross section extracted o _ _
lepton + jets from a fit to the invariant Precision is challenging NNLO
BR ~ 44% mass of lepton and b-jet predictions
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ATLAS- CONF -2012-095

CMS PAS TOP-12-001

LHC m,,, combination - June 2012, L =35pb"'-4.9 fb"

ATLAS + CMS PreliminaryN's =7 TeV
ATLAS 2010, l+jets o

- > —_— 169.3+4.0x+4.9

Ly =35pb™, (® CR, UE syst.)

ATLAS 20T, ets —— 1745+ 0.6 + 2.3

ATLAS_?OI‘I,aIl jets —— . 1749+ 21+ 3.9
L, =2 ", (®CR, UE syst)

CMS 2010, di-lepton ° — 1755+ 4.6+ 4.6
Ly =36pb ", (® CR syst.)

CMS 2010, I+jets @it 1731+ 2.1+ 2.7
Ly =36 pb™, (® CR syst.)

Lmt =23 fb-1, (®CR, UE syst.)
CMS 2011, u+jets
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= =
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1726+ 0415
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I I I I
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e Top mass measurement performed both in the di-lepton and in the
I+jets channels

 Dominant systematic from Jet Energy Scale
— Recently added the systematics error due to color reconnection and UE
(increase the systematics error by about 20%).

e Systematic error at the moment ~50% worse then Tevatron
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MEASUREMENT OF TOP SPIN CORRELATION AND POLARIZATION w"’

———— = = = == = = —_— -

= e = —_ _ = = =—_———e= e B — —— == = —————r—————

Top decays before hadronization: polarization or spin information is transferred to
decay products
Studying in detail ttbar production can help revealing physics beyond SM

CMS-TOP-12-016
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S’ror’rlng ’ro observeossocm’reprodchon of’rop pclrs withWorz

TTBAR+Y PRODUCTION W

CMS-TOP-12-014

CMS Prellmmary L=4.98fb 'at s =7 TeV
IIIIIII I IIlllIlllllllllllllllll

No theory error available
for ttZ

A Trilepton Channel
(scaled from o)

CMS Preliminary
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 Excluded SM higgs |n1275c’>OOGeV R

Close to 2.80 excess at ~ 125 GeV (similar for ATLAS), 2.10 after look else-where
correction (110-145 GeV)

5 10} CMSPrellmlnary [ Observed

i )
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O B n |
= - &
- 0 @
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— /| -l
O 1 "'
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Tg)
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Higgs boson mass (GeV) Higgs boson mass (GeV)

o Affer March analysis were blinded
— Re-optimization performed only using simulation
— Analysis validated in data using conftrol regions
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HIGGS ANALYSIS IN A NUTSHELL

—

Higgs search strategy designed to
cover the full mass range

Mass

N events

mode signature S/B . Good For
& / Resol. |in 10fb?
H—bb two b-jets, Zor W, low 10% ~10° couplings to
bb inv. mass 0(0.1) ~30 (sel) fermions
low ~10* lings to
Hott had tau, leptons, MET 15% coupiing
0(0.1) ? ~20 (sel) fermions
two leptons with " ~1 (3 ’
H—oWW opposite charge medium 10 cross se.zctlon, BR,
MET 0(1) ~60 (sel) couplings to V
two photons low 400 H mass, couplings
_> 0, ’ .
H VV peak in inv. mass 0(0.1) 2% ~200 (sel) CvCy, discovery
four leptons with right high 20
H—ZZ charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 6 (sel)
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95% CL limit on 6/,
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~ Istituto Nazionale
di Fisica Nucleare

Higgs boson mass (GeV)
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@125 GeV dall analysis shows
very good sensitivity
— redundant measurement,
possibility fo compare
different decay modes

— allows measurement of Higgs
properties




* Two b-jets with high pT

 Overwhelming background reduced requiring associated Z,W
e Analysis improvements wrt 2011 ~ 50% in sensitivity

e Results: broad excess compatible with presence of 1xSM Higgs
CMS-HIG-12-019
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o No S|gn|f|ccmt excess wr’r Slv\ bockground

— very broad excess expected

* Sensitivity close to 1xSM Higgs (improved by about 70% wrt 2011)
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1.8
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1.4
1.2
1.0

dN/dm_. [1/GeV]

0
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 Two leptons with opposite
charge

* Large missing ET

e 6 categories
— O jet, 1 jetand 2 jet (VBF)
— same and different flavor

e Kinematic variables to
reject background (most
discriminant Ay and my)

 Main background is ttbar
and irreducible WW (from
control samples)
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* Broad excess compatible with presence of 1xSM Higgs
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* Exiremely clean
analysis
— four leptons with proper

flavor, tiny contamination
from jets e(Z,) pr: 10 GeV

—Three modes eeee, eepy, o

W(Z,) pr: 43 GeV

4-lepton Mass : 126.9 GeV
HAH H(Z,) pr : 24 GeV
>20% improvement for wrt

. e*(Z,) pr:21GeV
2011 analysis

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi sec tion: 115

Paolo Meridiani



di Fisica Nucleare

MASS SPECTRUM INFN

e —

Excess at ~126GeV

Normalization and background _
A bit less abundant than SM

shape ok et att
prediction (ok within errors)
CMS Preliminary fs=7TeV,L=5.05fb";ys=8TeV,L=526fb" CMS Preliminary Ys=7TeV,L=5.05f";ys=8TeV,L=526fb"
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] 61 -
] e | i
I 2 !
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H — //: RESULTING LIMIT AND P-VALUE [N N

e Excess at ~125.6 GeV
— observed 3.2¢, expectied 3.8¢0

e Resulting strength at 125.6 GeV: u =o¢/osm ~ 0.7

e // alone excludes almost full mass region

CMS-HIG-12-016
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enhance the small S/B signal

STEP

CRITICAL ISSUES

1) two isolated photons with

Iarge transverse momentum

isolation to reject y+jet and
QCD background

2) di-photon mass

reconstruction
m3;, = 21 F5(1 — cosh)

vertex determination in presence
of multiple interactions pile-up
(PU)

energy scale and resolution

3) signal extraction

event categories to maximize
sensitivity: MVA categories + di-jet
(VBF enriched)

background shape

Paolo Meridiani




. 4 1oexcess at 125’GeV
* Very consistent between 2011 and 2012

e Cross-checked with two alternative analyses (including fully cut based).
Compatible results

events weighted by expected S/B CMS-HIG-12-015

%:2000 :_ CMS Preliminary —e— S/B Weighted Data o 10g _ | » | _
O 800 - (s=7TeV,L=5.1fb" S+8 Pt = [ Interpretation Requires LEE CMS Preliminary
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N - {s=8TeV,L=5.3fb" >
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§1 200} -
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Q 400F S 4c
; N o : 5 ‘ 8 TeV Observed (Asymptotic)
200__ 10‘5lIllillllillllillllllllllllllllllllllll
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)
QUESTIONS ON THE EXCESS INFN

o|s it statistically significant?
|s it a boson?

 Which is the mass?

|s it “the” SM Higgs boson?

e|s it “a” Higgs boson?




PN
P VALUE EVOLUTION ADDING MODES NN

10°
00 N 56
107
10°®
107 , CMS Preliminary —4°°
10 Combined obs. Ho 77 + -
10 = === Exp. for SM H :
-11 — H—yy \s=7TeV,L=51 fb1
10| . 5=8TeV, L =531t be
O e e e e e e e =

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

e yy and ZZ combo only
e 50 excess (exp. 4.70)

e |sitaboson?
— Yes, for instance
significance from di-
photon channel

Paolo Meridiani

10'g P

10'E—

10°F

10

10

10° 56

107 el

1 0-8 Combined obs. -

109 === BeforSMH L CMS Preliminary —4°°

10-1o: —— H-7yy H—ZZ + WW +yy
_11E—H—>ZZ \s=7TeV,L=5.115"

10| — s ww \s=8TeV,L=531"

10-12_lIIIIIlT]]ITTI]IIIIII]TTTITT—;7G

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

e adding WW

e 5.10 excess (exp. 5. 20)

10

10

10
9 10

..... g

105 T \\h\///

10° 56

107 T

0P g |

10° Hobb = 6o

10.10 — H— 11 CMS Preliminary

o —on Vs=7TeV,L=5.11fb'

= ~ s=8TeV,L=531f" =
10'12:Tl|-l|_l)lzzl 111111 1\811||e1||1111111—:7c

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

e all channels together

e 4,90 excess (exp. 5.90)




)
STARTING TO MEASURE PROPERTIES: MASS OF THE BOSON INFN

——= - - —_— e — — e e e — = e p—

* Mass derived from most sensitive channels (best resolution)
- Hoyy
— H—yy dijet (VBF enriched)
~ H—1Z

I L I L I lllllllllllll
-

I | | | -
= CMS Preliminary + Combined |
b : H N ZZ +YY + H— YY (untagged)~
\b +
+

5 Vs=7TeV.L=51f5 H— vy (VBF tag) |

e Likelihood scan (mass vs o) H - 27
- Vs=8TeV,L=5.31b' =

e Systematics mainly from ECAL

energy scale

| L

Illllllllllllllll

L |

1F k

Po3 24 25 126 127 128 129
Mass (GeV)
m = 125.3 £ 0.4 (stat) £0.5 (syst) GeV
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0 Bes’r f|’r Slv\ sirength at 125GeV u = O'/O'SM 0 80 + O 22

» Good agreement among modes
— exceptions: tt (small), vy (large, about 1.6xSM)

T 2.5 m,, = 125 GeV CMS Preliminary
5 [ CMSPreliminary 68% CL band| \s=7TeV,L=5.1fb'
\b o of Vs= 7TeV,L=5.1fb' - \s=8TeV,L=53fb'
O - Vs=8TeV,L=531b" §
:"-E 1 5 _ H— bb (VH tag)
8 - - H — bb (ttH tag)
M0 4 oF - H— tt (0/1 jet)
- H — 7 (VBF tag)
0.5k H — 1t (VH tag)
E H — vy (untagged)
0.0F H — vy (VBF tag)
g - H— WW (0/1 jet)
-0.5[ — H— WW (VBF tag)
- i H— WW (VH tag)
P16 15120 125 130" 73 140 145 ozl
Higgs boson mass (GeV) Best fit /o,
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Ratio sensitive to coupling to W ER i

and Z bosons (gnww/gnzz) " jé“s;”evﬂ;szw

. 6 =

protected by gauge custodial symmetry o E

)3 E

+1.1 3f -

Rwz = pww/pzz=0.9 _ ¢ 2
;

%" T 2 g 4

Another exercise: group couplings in
H H H © relimina
fermionic and vectorial ones (C, Cy) | IR

\s=8TeV,L=5.31b"

e Use LO prediction for loops in H—=yy and H—gg

A
couplings i

* |n agreement with SM within 95% CL

e Some tension to be studied with more

exclusive channels and data

Paolo Meridiani



PN
BEYOND STAN DARD MODEL SEARCHES INEN

di Fisica Nucleare

e We belleve SM IS nof fhe ulhmq’re ’rheory LHC wdas bUI"‘
to understand if there is new physics at the TeV scale

 Does nature have any additional symmetry?
SuperSymmetry (SUSY) is a very appealing theory
— Light Higgs: Higgs mass is protected in SUSY

— Dark Matter: SUSY has the possibility to generate DM
candidates

* Is there any new force? Is there a new generation of
particle? Are there exira-dimensions?

* Broad CMS program for searches

— | will just show few results from analysis already updated with
8 TeV datasets

Paolo Meridiani



>= 2 jefs + MET using or

"

E For well balanced dijet systems,
Mr ar=0.5

For an multi-jet system, jets are
merged to make an equivalent
dijet system such that difference

At =

in Et of two systems (AHr) is
coe (AHr) CMS-SUS-12-016
. _ | CMS Prellmlnary | o
QCD ' N E 800 pp—>gg g—>2t+LSP m(t)>>m("') | 1! ;8,
SUSY = _ | - Expected Limit =10 exp. — °
b" E9 700_ GNLONLL .1{ theory 15 o .8
- C“\x\ 600l CLs 3.9fb7, (s=8 TeV 13 E
/ T T I - g
P 500 Olr — —§1 %
i —
) . 400 gg
General purpose search for SUSY, use ar and bins in 10" &
- (o]
Hr to reduce QCD i :
Enhancing the sensitivity to third generation squarks 200~ ~ )\t 102
. . . - = i
iIntroducing b-tag categories 100{- : :
Bkg is data driven from control regions (p+jets, pu 500 600 700 805500 10501150 ™ 10°

m. . (GeV)

gluino

Interpretation in simplified model where
g1t}

+jets,y+jets)
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SuUSY SEARCHES @ 8 TEV

2 Same sig

. __

Rare process in SM

Sensitive to many SUSY models.
Sensitivity to 3rd generation sparticles via
b-tagging.

Also sensitive to anomalous uu—tt via
Z' (proposed to explain forward-backward
ttbar production asymmetry @ Tevatron)

CMS-SUS-12-017

CMS Preliminary fs=8TeV L, =3.95f"
% 0.8 | L L ‘ 'a; ¥ ;d I
miss serv
S 4.7 Ef“>0GeV,N, =2 S Foies
= Irreducible (MC)
>~ 0.6 [] Charge MisID
g T F 2 Total Uncertainty
:>J’ 0.5F G 13 events observed with
0.4k 7 Hr>80 GeV
E Consistent with SM
0.3 expectation
0.2
0.1
0 100 200 300 400 500 600
H; (GeV)

Paolo Meridiani

Istituto Nazionale
di Fisica Nucleare

|

[

-~ Exclusion for various
SUSY simplified models
Limits in the stop-gluino

' mass plane up to

 m(stop)

——
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| Gauge MedlatedSUSYbreakmg +2-je’rs+MET yy+je’r+MET

| Gravitino is the LSP

Signatures with 1 or more

Paolo Meridiani

photons
Exclusmn is model dependent in
,“ Wino-LSP scenario, chargino decays
without photons suppress signal
¥—=x+Xx ¥ —-yG Photon |
X W+X  MG)= M(XIO) No photon_|
CMS SUS-12- 12-018
?000 T T &-§~2000 i T TE T T - CMS 5 rleIHnl\{i_nalry —
] s Prlminary ] [ ot =404 Ns =8 Tev
& f Ldt = 4.04fb" \s = 8 TeV & GGM wino-like 7°
B GGM bino-like 72 Moo (Gev/c?)
1500/— = 375 (GeV/c?) 1500 ‘ Jet Requirement ]
B f Jet Requirement | ELI(T[;; ved
| rE %?;;swed e +10 (theory)
[ +1o (theory) L- . 51? ai'f;’ry)
R E‘Top:t‘t::::ry) B [ +1o (experimental)
1000/— [ 10 (experimental) 1000
Excluded M .?
5 - Excluded T
500— — 500— | | | ]
500 . 1000 . 1500 2000 500 1000 1500 2000
m, (GeV/cz) m, (GeV/cd)
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Events / GeV

8 TeV data extends the reach in the current searches
for a possible new resonance

- x10 qq parton luminosity @ 4 TeV mass

di-lepton

10° T

10° CMS Preliminary, s = 8 TeV f Ldt=4.1fb"
—e— DATA

10° .
] vz-wn

10°?
10
1
10"
10?2
10°
10*

[ i + other prompt leptons

Jets

1 1 l 1 1 1 1
80 100 200 300 1000

2000
m(u*u’) [GeV]

No excess seen... Setting limits

Z’ (SSM) 2.5 TeV
W’ (SSM) 2.8 TeV
E6 (qq) 4.2 TeV
S8 (gg) 2.5 TeV

String resonance (qQ) 4.7 TeV

N\ (contact interactions) 9-12 TeV

Paolo Meridiani

\'

Events / 20 Ge

- -, —L—L—L—L—l—h—h—hs
S Q o - 0Oo0 0000 oo <
O RN LA OV L R N ® o ® o

dl-Jet (qq qg, 99)

10

% % —8— CMS Preliminary (4.0 ib™) g
o L ) _
B = Fit E
& - N CD Pythia =
g 107g aco e =
\'Q ; - Jet Energy Scale Uncertainty ;
'8 10 = =
; W’ (1.5 TeV) =
CMS-EXO-12-010 10° - 3 E, diquark (3.5TeV) 3
CMS-EXO-12-015 SR E
0% .
CMS-EXO-12-016 = - =
T Ns=8TeVv -
10°E <25, |an <13 =
= Wide Jets g
10° &
s 3E
S 2E
° 15
g oF
£ 1E , , i . . ‘ i
2E
W ( IV) 1000 1500 2000 2500 3000 3500 4000 4500
Dijet Mass (GeV)
1] I I 1 1 I 1 1 1 1 P
chs 27 o
f B DY >ee
\s =8 TeV Wty
Wov B tt + single top
= aco
e wsev

* Data
— W' - ev M=1.3 TeV
— W' —= ev M=2.3 TeV




'MICROSCOPIC BLACK HOLES @ 8 TEV ¥ _

di Fisica Nucleare

. Updo’red also ’rhescrch formlroscoplc block holes@ 8 TeV

* Microscopic black holes production possible if Planck scale moved @
O(TeV) (need extra dimensionsl)

' BH decays very quickly (~10-?7s) — * — |
| Searching for events with high multiplitity of | Limits between 4 and 6 TeV
e,Y,u,jets characterized by large scalar sum ' on the black-hole mass
pT (ST) -
g - CMS Preliminary |s = 8 TeV, 3.7 fb f) a2 CMS Preliminary |s = 8 TeV, 3.7 fb"
Q1031 Multiplicity, N = 8 o L Nonrotating Black Holes
SV E 10 Theoretical Cross Section
~ f ® Observed S M, =3.5TeV, n=2
g2 — Background S RV
o Uncertainty , 1 - Observed Cross Section Limits
2k 00 M, =15TeV, M"" =55 TeV,n =6 L —o~ Mp=35Tev.n-2
T MD =20 Tev Mmln =5.0 Tev n=4 B ~‘~._\ . Mg ; 25 Tgv: : ; 6
"N e M, =2.5TeV, M’“'”-45TeVn 2 101
10 h
: 10%
1 R : 10 El ca b b g |\‘+ ISR BT I
| , | B T A 4 45 5 55 6 65
IIIIIIII | | L1 1 1 | | 1 l | 4 |
2000 2500 3000 3500 4000 4500 5000 5500 CMS-EXO-12-009 Mgy (TeV)

S, (GeV)
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o INFN

di Fisica Nucleare

. CMS IS producmg hew results ai very hlgh rate Looklng
forward to full 2012 dataset >20fb-!

* SM is behaving as better then ever ;-)

— Impressive agreement in all corners of phase space which
have been studied

— We have finally observed a new boson at around 125 GeV
compatible with the SM Higgs

—Isitreally "the” SM Higgse We need more data to start
assessing ifs properties.

* No sign of new physics at the horizon, yet :-(
— Tremendous effort to search in many different directions
— Most obvious SUSY models are becoming unnatural
— Many BSM models are being challenged

Paolo Meridiani



XOTICS 95%

L LIMITS

- Istituto Nazionale
di Fisica Nucleare

Z'SSM Il

Z' SSM tau tau

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

Z', ttbar, lep+jet, width=1.2%
Z'SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2

Gy kM=0.1

G, Z(hZ(gq), k/M=0.1

W' Iv

W’ dijet

W' = td

W’'— WZ(leptonic)

WR' = tb

WR, MNR=MWR/2
WKKp=10TeV

pTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fob=1
E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

9" (qg), dijet
q"(@W)

q" (@2
Q" , dijet pair
q*, boosted Z
e, AN=2TeV
p,A=2TeV

Paolo Meridiani
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o
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F-N

e

o
y
N

3 4

it

5

b' = tW, (31, 2I) + b-jet

q', b'/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ = bZ (100%)

T = tZ (100%)

t' = bW (100%), I+jets

t' = bW (100%), I+

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutralino, ctau=25cm, ECAL time

LQ1, B=0.5

6 LQ1, B=1.0
LQ2, B=0.5

LQ2, B=1.0

LQ3, (bbnunu) Br(LQ = bvt) = 1
LQ3, (btau) B=1.0

stop (btau)

Compositeness

6

4th

Generation

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LLURR
C.l., dimuon, destructve LLIM
C.1., dimuon, constructive LLIM

C.1., 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

Contact

Interaction

15

Black
Holes

40



-0.02

-0.04

= Possible vertices using an effective La
Lyzz = —%[f!(ayv#ﬁ)za(aazﬂ)"'fsv(aovay)Z“ﬂZﬂ]

ANOMALOUS TRIPLE GAUGE COUPLINGS

S — = =

z
Z “‘.r’2 22Z, ZZy
>~w "1112“.42, fs¥, fs2, fs¥) = (0,0,0,0)sm

CMS Preliminary Vs =7 TeV, L =5.0 fb”

| I
— Observed pp —2Z — Il

....... Expected = 10 ggo, oL
....... Expected = 20

No form factor assumed
aTGC values outside contour excluded

| |

-0.02

1
0.02
Z
f4

| |
-0.01 0 0.01

-0.02

-0.04

CMS Preliminary \s =7 TeV,L =5.0 fb"

| —— Observed

| |

| |
pp—=2ZZ -l

....... Expected + 10 g59, CL
....... Expected + 20

No form factor assumed
aTGC values outside contour excluded

1 | |

-0.02

|
-0.01 0 0.01 0.02

fs

Using mgy as discriminating variable

Paolo Meridiani

gragian

Scale dependent
form-factors

with cutoff scale A

Use no form factors,
l.e.,\=
0.012<£2<0.013
-0.012 <£2<0.013
-0.014 <£,¥<0.014

A

) INFN
| L/ stituto Nazional

di Fisica Nucleare

-0.015<£7<0.015

at 95% CL, the
strongest limit to-date

4]




di Fisica Nucleare

PN
DRELL YAN DOUBLE DIFFERENTIAL ~ ¥N

CMS Preliminary
45fb ' at\s =7 TeV 1.4 Million
( events

"

g

 Going double differential

— Measured DY cross-sections vs mass of the di-
muon system and also vs rapidity in 6 mass
bins

Y*Z — pp

10°

1/6, do/dM(up) [GeV™']

~+- Data (1, 4.5 ™" in 2011)

107 . NNLO, FEWZ
, +MSTWO08 ° ° °
S d b d for | b
10® ome aiscrepancies opservea ror iow mass onins
10—9 . ° . .
- o — interesting input for PDF fits
o . — —
g 1 Ot e 2
®
w 05 =
©
15 30 60 120 240 600 1500
Normalized M(uw) [GeV]
; 7\ rTT T T T T T T T T T T T T T T T T T T T TT T T TT T T T TT T T TTTTT \7 ; rTT T T T T T T T T T T T T T T T T T T T T T T T T T TTT ; B i e e e R R R
§ 0.07F CMS Preliminary, 4.5 b at\'s = 7 TeV, 20 < M < 30 GeV . § : CMS Preliminary, 4.5 fb'at\'s =7 TeV, 30 < M < 45 GeV ] % C cMms Preliminary, 4.5 fb™ at\'s = 7 TeV, 45 < M < 60 GeV ]
- § 0.04F- 3
'8 C e Data(u, 45157 in 2011) -8 o1 —e— Data (, 4.5 fb" in 2011) ] E B —e— Data (u, 4.5 6" in 2011) ]
,50.06 — ] 5 I 8 —0.035[ —
= s D POWHEG+CT10 NLO = sk POWHEG+CTIONLO | L g D POWHEGCT10 NLO
~—0.05 i L i T o03f 3
r D FEWZ+MSTW2008 NNLO ]| u FEWZ+MSTW2008 NNLO | E D FEWZ+MSTW2008 NNLOE
- § i - 0.025F =
0.04f- . - - ] T
- S O g — . i 0.02— ey .
0.03~ e B - = - . -
- i . 0.041 - ] 0.015 " E
0.02\— e - - e ] . =
- - - - -
C . ] - ) i 0.01— = —]
- ] 0.021 W - o ;
0.01 ] - - 0.005 - e
- e - - - e ]
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> - - — = 16
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102

10

CMS Preliminary

-

IIIllIlllllllllllllllllllllll|Ill|

-  ® CMS combined 7 TeV (1.1 fb'1)
= CMS combined 8 TeV (2.8 vy =%
o CDF
o DO

"
-
-
"
s

Approx. NNLO QCD (pp)
Scale uncertainty
~ Scale ® PDF uncertainty
——————— Approx. NNLO QCD (pp)
Scale uncertainty

B Scale @ PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

3

4

5 6 7 8 9
s (TeV)




Spin correlation in SM: low muwar prefers aligned
orientation, high muwar prefers opposite

L _ N+ N() = N(1) = N(1)

- N+ N+ N +N(H)

Measurement performed from a fit to the A@i+.-
distribution

CMS Preliminary, 5.0 fb" at Vs =7 TeV
2000

1800f—

1600/
1400~
1200
1000~

800F ____| - Fit

600 == Backg. + tt without correlation

400 0 Backg. + tt with correlation
Background
200 ‘ I—

0 [ 1 1 1 l 1 1 L 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 L 1 1 l L
0 0.5 1 1.5 2 2.5 3
a ¢I+I~

A=0.24 £ 0.02 (stat) £ 0.08 (syst)

Nice agreement with SM expectation 0.31
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di Fisica Nucleare

HZZ SPIN-0 DISCRIMINATOR NN

Matrix Element Likelihood Analysis: Selecti ng eve nts Wlth

uses kinematic inputs for
signal to background discrimination MELA>0.5 makes excess more

{m,,m,,0,,0,6%0,0,} evident

Pl)kg(m17 ma, 017 62’ ¢’ 0*7 ¢1 |m4€) !
Ps‘ig(ml, ma, 917 02a (I)a 0*7 (Dllmélf)

MELA = [1 +

Final discrimination using 2D
likelihood approach

1 CMS Preliminary 2012 V=7 TeV, L=5.05 fb"; V5=8 TeV, L=5.26 fb"
5 CMS Preliminary {s=7TeV,L=5.05fb";ys=8TeV,L=5.261b"
m 0 .9 > 8 :l LI | rrrr | LI I LI | LI | T |. T |a|té T | rrri I:
= &S _F MELAs05 .
0.8 o F B z+x E
0.7 2 6 Qzrzz -
0.6 LT>.JI 5 E_ D m, =126 GeV_E
0.5 na
0.4 ab
0.3 : [ :
2 — . +
0.2 ¥ .
1 '_— L J ll‘,j L * L J L * 9 :
0.1 u - L ]
? Lo o | iy [y | 0 110 120 130 140 150 160 170 180
00 110 120 130 140 150 160 17 180 m, [GeV]
4y

m,, [GeV]

Data w.r.t 126 GeV Higgs Expectation l
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