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: LHC physics goals

" -1 New particles or phenomena - rare/forbidden decays %

- precision measurements
° —1 Higgs bosons - electroweak symmetry breaking
= m Supersymmetry — solution to dark matter?
2 Zoo of new particles — alternative theories beyond SM
2 CP violation, very rare decays — SM or not?
- Precision measuremenits — indirect handle to physics
at (even) higher energies
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“#&. Standard Model

P. Eerola

Evidence for physics beyond the

Dark matter
Neutrino masses e il
Matter-antimatter asymmetry \\,_.,

l 3.6% INTERGALACTIC GAS

Accelerated expansion of the Universe

Terascale physics: probe electroweak scale 10-° m € - TeV-!

Why do we expect anything new to happen at this scale?
Some (new?) physics needed to break SU(2), xU(1)y gauge
invariance (electroweak symmetry breaking)

Is TeV an indirect new scale?
Supersymmetry breaking at higher scale > effects at TeV-scale
Technicolor

Is TeV a fundamental new scale? 5
Extra dimensions
Strings at TeV scale

SR ;;;_.‘5\,_%,;" ol
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The CMS Collaboration

Pixel
Tracker
ECAL
HCAL
Muons




SUPERCONDUCTING
The CMS detector ,COIL 4T field

CALORIMETERS
ECAL Scintillating PbWO, HCAL Plastic sci Atille
Crystals R - | copper
sandwich
IRON YOKE
MUON
ENDCAPS
EEN
—
MUON BARREL -
Silicon Microstrips, 10 barrel layers P % REEET
3+9 fw disks, 9.3M strips T — 4 TEEET g
S Z Vo
Pixels 3 barrel layers, 2 fw disks, a : strips
66M channels Drift Tube Resistive Plate Cathode Strip Chambers (CSC
Chambers (DT) Chambers (RPC) Resistive Plate Chambers 2RPC§
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LHC: performance 2011 Anﬁgtofdatazw
X

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
6————m—————————— e ——r—————r —r——r———

— Delivered 5.72 fb™' | :

R

o vl Y N : . o . . . N . . N . . . N :
14103 2904 14100 20107 14102 20010

Amount of data 2010

5.72 fb-' delivered by LHC and 5.2 fb-! recorded by CMS. Overall data
taking efficiency ~91%. Average fraction of operational channels per
subsystem >98.5%. Uncertainty on the luminosity determination 4%.

P. Eerola 3.1.2012 10



11

3.1.2012

P. Eerola



olnbl,

Cross sections of physics processes
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fb

= Ohiiggs

Tevatron

(M, = 500 GeV)

LHC

110
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0, (Proton-Proton) [mb]

110 T T T LI I B B | T T T L III T T l/ T I‘.I’JI /
@ ATLAS s ot
100 & CMs // .5
90 ¥ UA5 // . %-’
—- CDF/E710 e / :
80 - /
o= Auger 2011 -
70 o
60 /“” """" ==== QGSJet01
—= QGSJetll.3
— — Sibyli2.1
R o Epos1.99
— - Pythia 6.115
40 Auger 201 |, preliminary ...... Phojet
30 1 1 1 L1 1 1 ll 1 1 1 11 1.1 ll
10° 10* 10°

Vs [GeVl

Total proton-proton production cross section
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Time Amount of

data
alibration

‘i\ LHC physics 2010 =
Q

2010
Standard measurements:
-heavy quarks b, top
-W/Z-bosons
-QQCD, hadron praduction
2011

ew physics: Higgs,
Supersymmetry, CP-
violation,...
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Discovery - calibration - background

i

-—

Events/GeV
o

-
o

v

— — -—
- o o o
o N w 'S

—

_ /N~
= p0 oy Jhp: Richer, Ting 1974
=M ' S) Nobel 1976
é— Y: Lederman et al 1977
= (Nobel 2008 CKM - b-quark)
i Z(W): Rubbia et al 1983
% Nobel 1984
= CMS Preliminary
= \s=T7TeV, L =40 pb*
E 1 11 1 1 ll 1 1 1 11 1 1 ll 1 1 1 11 1 1 ll ‘il |

L 10 + 10 2 e

p'pn- mass (GeV/c?) g

Invariant (u*u’) mass

Hn?;ln!!:llg?leﬂ 511'&': = CMS-PARA-D01-11/07/37 Je.pP
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Selected Standard Model
measurements
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: Top quark
‘ Pq

Newest quark, found 1995 at Tevatron

Heaviest known particle

Precision measurements needed: mass, intrinsic properties, cross
section, decays, couplings
Find or exclude non-standard values

Sensitive to Higgs mass
through electroweak loop
corrections

Sensitive to other new
particles

Background to new

particle searches

P. Eerola
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- Cross section: new measurements at new energy
‘- Top mass and V,,: measurements still worse than at Tevatron, improving soon

|
Top-quark pair production cross section
g TllllI]l T L ) ‘Y IIIIIIIYIYII1111
-4 —NLO QCD (pp) ® Atlas (upto 0.7 fb™', prelim.)
B - Bl Approx. NNLO (pp) 4 p =
iy CMS (36 pb .preltn.-). o
102 E— = Approx. NNLO (pp) —E
" mCDF (uptoadsib?) .
"~ +Do (567 ]
10
=
. £
f ©
14
Top mass:
Tevatron

My, = (173.2 £ 0.6 (stat.) £ 0.2 (syst.)) GeV

LHC

My, = (173.4 £ 1.9 (stat.) £ 2.4 (syst.) ) GeV

P. Eerola
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Single top-quark production
Sensitive to |V,)|

Tevatron: |V,,|=0.88 + 0.07
CMS: |V,|=1.16 £ 0.22

t-channel single top quark production

1 lIlllIII

| T T T I T T T I T T T l T T T
CMS Preliminary, 36 pb”

ATLAS Preliminary, 156 pb™'
DO, 5.4 b
CDF, 3.2 fb"

> 4m O |

Ll lllllll

........ NLO QCD (5 flavour scheme)
mmmms  theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042

L llllllll

u I NLO+NNLL n
= theory uncertainty (scale © PDF) =
- T Kidonakis, arXiv:1103.2792v1 [hep-ph] E
N | N N | N " | | N | N | N N N
0 2 4 6 8 10
\'s [TeV]



[ ] ; (4
Tevatron top LHC top
anti-top anti-top
ZI
- | o
n n 1 /—
Tevatron (pp collider):
SM: small asymmetry from higher order effects A,, of the Top Quark
Measured asymmetry higher than expected, j“‘“m, pipEon
specially at high m (CDF 30) _ 3 vt v,
. . arXiv:1107.2606 (2011)
Speculations about new particles pp > X->tt :
LHC (pp co"ider): . CDF LJ —0— (();gaf;fgﬂﬂ (x0.07220.017)
No forward-backward asymmetry due to symmetric
initial state cor oL
Quarks have on average more momentum than ey
antiquarks - boost difference - central- :
F combined* D e—g— 201 0.067 (+0.065 + 0.018)
decentral asymmetry (but 85% from gg are R T
symmetric)
Difficult measurement, but ATLAS/CMS should be boL T w5
able to obtain same sensitivity as CDF
| | | |
-0.4 -0.2 0 0.2 04 0.6 0.8
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i Forward-backward asymmetry A_; and same-sign
.. top quarks

u t
u t g t
7! 7!
U I u p 7! t
U
B If new particles, then also produce u

same-sign top quarks
9 Pq : CMS L, =35pb'Ns=7TeV
T i T T 7T [ T T T I T T ] 1 T 1 | T T I T T T I T 7T T l T T 1]

B CMS search: exclude region preferred -+~
by CDF A results 4

IHI!IHlIIlI

- 1o consistent with A, Berger et al.

. 20 consistent with A_;, Berger et al.

cboeo oo oo b b b

——— Combined Observed Limit tt + 1)

N
N
I\II‘IHLIHII[IIXIIIIIII-II[I|III!|||II|IIHIIHI

\1||||||\|[||||JI|1|I|||I|1|||||||||:
200 400 600 800 1000 1200 1400 1600 1800 2000
m,. (GeV)
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Electroweak measurements

W, Z diboson production, W and Z couplings, W mass, W(Z)+jets
m m,, sensitive to Higgs mass through electroweak loop corrections
m Key background to SM Higgs searches
m No Higgs: WW cross section?
m Triple gauge boson couplings
m Unexpected signals like Wjj at CDF

All measurements agree
with the Standard Model

CMS Ns=7TeV CMS
— . =
! lumi. uncertainty: +4% ! -8_ % : W : i 3
oxB(W) 0.99 + 0.01exp * 0.05 theo =] C : w o 3
oxB(W") 0.98 £ 0.02 gxp + 0.05 theo 10 ——o—— 7 ! , CMS 95%CL limit —
oxB(W) 0.99 £ 0.02 gxp * 0.05 theo k<] E E © CMS measurement (stat®syst) 3
oxB(Z) fo i 1.00 % 0.01 exp % 0.05 theo o) F 21 —— . theory prediction 3
oxB(Z = 11) i 1.03 % 0.10 gxp % 0.04 theo . A o - : :

oxB(Wy) e 1.12£0.18 exp + 0.08 theo S 107! 22 =) ; <
oxB(Zy) —ey 0.97 +0.12 gyp + 0.04 theo = S = ' ' 3
oxB(WW ) — 1.29 £ 0.18 gxp % 0.00 theo > S 22 D Wy ! 5 D
oxB(WZ) —a—i 0.86 £ 0.13 exp + 0.00 theo » 10! >3 - ; - Zy 5 '
oxB(Z22) —_——y 0.59 £ 0.33 gxp £ 0.01theo * E o >3 o ' : -
Sin%0ef 0.99 £ 0.01 exp + 0.00 theo 7] " >4 ! o WW -
Rwiz 0.98 + 0.02 gxp + 0.01theo © 102k T>4,5 : 5 Wz <
Ry 0.99 + 0.01 gxp + 0.04 theo O E T 24); g i ; =
O W+21-jet )/o(W ) H e 1.10+0.17 exp + 0.00 theo c E ] : : . ZZ 1 Hogg) |

o( W+22-jet )/o( W) — . 1.13 £ 0.21 exp * 0.00 theo o 10 5 5 ! PO | 5
o W+23-jet Yo( W) —_l 1.03 % 0.25 exp = 0.00 theo B E | : = —ZZ 7§
o(W+24jet yo(W) o 1 | 0.79 £ 0.34 gxp + 0.00 theo > E  EMs30Gev : ¢ wy
o(Z+214et Yio(Z) —d 1.00 £ 0.16 gxp % 0.00 theo '8 - I <24 b
o( Z+224et Yio(Z) —_— 0.97 £ 0.20 gxp * 0.00 theo g 1 n : .=
o(Z+>3-jet )io(Z) — o1 0.82 + 0.29 exp * 0.00 theo E : , =
o Z+24-et Yo(Z) 0.93 % 0.64 gxp + 0.00 theo E 5 36 pb” 5 36 pb” 117 : e -
| I 10 : . b =

0 1 2 JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-015

CMS-PAS-EWK-10-012

Ratio (CMS/Theory)

Production cross sections
3.1.2012 20
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Heavy flavours:
physics with b quarks
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B physics with CMS

General purpose experiment: main challenges trigger

bandwidth, no hadron triggers at level-1, no /K
separation

- Concentrate on dilepton channels

-> Use highly “specialized” triggers: apply at High
Level Trigger already as many selections as possible

trigger paths
Jiy Wy
mJy
B — ptw
Wy
il low p_double muon
high o double muon

106; 2011 Run, L = 1.1 fb"
CMS \s=7 TeV

2
poood ool i

Events per 10 MeV
—
o

—
o
w

Y4

—
o
N

3
I_LLl.I.llll IIlIl]lII IIIII.I.I.II IIIII.I.Ill L1l

=9

-
<
-

1 10 10?

dimuon mass [GeV]
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Cross section measurements

Probing QCD in different kinematical domains |
All measurements confirming that MC@NLO undersh
data at 7 TeV (within uncertainties)

CMS has also the first LHC result on bb angular

correlations
—a— CMS /MC@NLO
—o— MC@NLO uncertainty
B* - Jy K*; p© > 5 GeV, Iy*1 < 2.4 ALY 110+ 0.12
. PRL 106 (2011) 112001 " 1.00 03
Exclusive s
|
B 9 J/ll) X B — Wy K; p2 > 5 GeV, Iy" <2.2 ; —_— 132+ 0.17
PRL 106 (2011) 252001 - 100557
decays i
Bz — JAp ¢; p2 > 8 GeV, ly"l <2.4  Includes BR(B.—J¥s) T — LG8 RIS
PRD 84 (2011) 052008 i - 1.00 225
I
] pp— bX — 1 X; p¥ > 30 GeV, ly™'1 <24 —‘—o— 117022
Inclusive PAS BPH-10-008 = 1.00 05
i
B 9 muons PP — bbX — puY; p| >4 GeV, n*l < 2.1 i —_— 131:0.14
PAS BPH-10-015 —0‘—- 10052
T I T T T T I T T T T ‘I T T T T I T T T T I T T T
0 05 1 15 2

cross-section ratio

B+ CMS PAS BPH-010-04, PRL 106, 112001 (2011); B® CMS PAS BPH-010-05, PRL 106, 252001 (2011); B,
CMS PAS BPH-010-013, PRD 84, 052008 (2011); inclusive CMS PAS BPH-10-008, CMS PAS 10-015



Events / (0.02 GeV/c?)

108

/
r®

Some recent re

sults: Jhp and y(2S)

LI Illlq T TTTTT

: IIIII

.....

CMS - \'s =7 TeV
L =37 pb?’
—+— data
— total fit

X2/ pr = 94.4/99

8< P, < 9 GeV/c
lyl<1.2

......

- background

- (2S) cleaner probe of NRQCD (no
feed-down from heavier states)

- Differential cross-sections show good
agreement with predictions
- Inclusive BR of B = (2S) extracted
from cross-section ratio, improving

10E R {77 PDG uncertainty by a factor 3:
C 1 L I 1 L 1 'l I L L 1 L I 1 L L 1 I 1 .
25 3 35 4 45
u* winvariant mass (GeV/c?)
B(B — (25)X) = (3.08 £ 0.12(stat. + syst.) & 0.13(theor.) £ 0.42(Bppg)) - 1072,
. prompt ""‘l’l-’ w H'W;@TOT SCCOpES prompt y(2S)— p* i, corrected for acceptance 005
?S;‘103 N CMS (s=7TeV L=37pb" | T 105 e | CMS {3=7TeV L=37pb" 3 g T T e s 7 Tev Lo st oo
- —pacmcoseas T > R —o-00<hi<i22 J § E —e— non prompt e
S [ T i SThaaiey 1 8 B I <o 1 3 008 e
5102 gy s O —e-tsepi<ates | X e momomats | 8 F - :
c % o el tofod o S B N | B E 0.07F Ivl<2.4 3
~— & [ prompt NLONRQCD 3 = = ] : i 3 h
) ey By 12 FH o "= : :
'z.,_ 0 . '0"_0_' 5 3 'g._ . W o ] 0.06F E
e = Rassppesaaay Ko ‘ e — ]
2 S g 10 3 W 3 0.05F -
BB 1 = N = - = S . R N P ¥ o o A ]
ks, 5500 i ° I SRS i :
X . % g 0.04f .
@ 10" 2 o = ;;10_25_ —— ~ = ]
—— - i 3 0.03f =
1072 P - ati 3 | Luminosity and polarization l S T DS P N T
hncertantle not showm " | 10 L unceriaintles not shown g o 00TTTE 0 s 20 25 30
1 | 1 1 1 1 1 I'n =1 . L L L L L= p (GeV/C)
678910 20 30 go(séoe\”c) 6 7 8910 20 .39 !
T .
P. Eerola CMS PAS BPH'01 0'1 4, arX|V:1111.1157



S X(3872) and xcg o1 o2

Ratio of oxBR for X(3872)(2S) in the
< kinematic region p(X) > 8 GeV and |y(X)|
< 2.2 is measured to be

Candidates / 5 MeV/c?

R =0.087 +/- 0.017(stat.) +/- 0.009(syst.)

500 - CMS Preliminary

8

Candidates / 5 MeV/c?
e R R R R

iss888

EE

S"sz 334 aae 3sa 39
invariant

&
L)

3.02
GeV/c?]

NX(3872) =548 + 104 (Stat)
Nw(gs) =7346 155(Stat

)

Js=7Tev
JLdt=40pb"

IIIIIIIII|IIIlllIII|IIllIllllIIIII|IIll

86 365 3.7 375 3.8 385 39 395

4

Jhp ot invariant mass [GeV/c?]

J/y + v mass distribution

4.0

§ 1400~ g CMS Preliminary
> |
= 1200 . ] .
o - Ns=7Tev 6=9.6+0.2 MeV/c
. . % 1000 :_ ILdt= 1.1 m, =3.502+0.001 GeV/c?
Reconstruction of i 4, X1, Xc2 USING N
converted photons S 0T e amy = 959 MoViE
I
LW 600}
400{-
200~ .
07 | | ‘Tm‘l | |TI | ml”b&lmxl* I Llu
CMS PAS BPH-010-18; 2 s 38 o8
? M, ey - My - + Mopg (JY) [GeVic?]

CMS DP 2011-011

P. Eerola
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Looking for new physics:
‘ very rare B decays

BY% Sutw

Very rare in the Standard Model due to GIM and
helicity suppression: BR(B’, >u*w) = (3.2 £ 0.2)x10-°
Sensitive to physics beyond the Standard Model: new

particles entering in the loops
Eg. MSSM: BR, i, (B, — ("™ )x

m;m; tan p

F. Mahmoudi,
Eur.Phys.J.C64(2009)391
NUHM1

0 100 200 300 400 500 600 700 800 9001000 0
P Eerola M, [GeV/c?] 3.1.2012 26



. CMS results LHCDb results

k3 :

BDT<0.25

50
CMS, 1.14 fb” \s=7TeV CMS, 1.14 fb \s=7TeV
> L L > L B B B LHCb
O 9o+ - L i Prelimina
- Barrel Sz Endcap Fm
2  BY signal window = B signal window
g -4 B signal window g -4 B signal window 0.295<BDT<0.5
S 3
2 2
S 1+ A 1 18t o T
. -
- _
0.5<BDT<0.75
PR S A P A PR S N IR N [l - i I
5 52 54 56 58 5 52 54
m,, [GeV]
34 0.75<BDT<1
2.
1.
CMS PAS BPH-011-02 0 1
o Eerofa PRL 107, 191802 (2011) e .
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Results

No signal - put upper limits

LHCb: BR(B%, Du*n) <1.5x 103

CMS: BR(B’, >u*u) <1.9x 1038
Combined: BR(B?, >p*u) <1.1 x 108
CDF: BR(B?, »>p*u)=(1.8 *11,4) x 108

arXiv:1107.2304v1 [hep-ex] 12 Jul 2011

g 070<v, <097 | 097<v, <0987 |0987<v, <0995 v,>0995 [

6_.&\\\ Background Bg—ﬂj.*p.' N
i B +Signal (SM<5.6) CC

4-

21 x02

0 Y Y Y 1 T

5231 5279 53275231 5279 5327 5231 5279 5327 5231 5279 5327

m,, (MeV/c?)

CMS+LHCb combined results
CMS PAS BPH-011-019, LHCb-ANA-2011-039

3.1.2012
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: Prospects

£ 100
"T_' 90
2 =
A
60
B 0
"(-U‘ 40 e===CMS integrated L
S 30 @] HCD integrated L
DL 20
< 10 -
0 n T T T T T T 1
N %) ™ &) © A
: (19\ 99'3/ 99\ 519\ 99\ 99\ 99\
& & & & & & F CMS should reach the
1.00E-08 SM BR mid-2015
> 9.00E-09
=
o 8.00E-09 -
A 7.00E-09 /
,  B:00E-09 -
o e—CMS
M 5.00E-09
T 400E09 ==LHCb
N  3.00E-09 e===SM Br
2.00E-09
1.00E-09 T T T T T T T T T T T T 1
N > ™ ) © A
(19\ q/g(‘/ ()9\ q,Q\ (19\ (19\ (19\
Y Y Y Y Y Y &
S & L& &K & L
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! Higgs searches

Brout Engler’r :

PRL 13, 321-323 (1964) PRL 13, 508-509 (1964)

Brout-Englert-Higgs

P. Eerola
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SM Higgs production at LHC
“ 105 - SM Higgs production i

. . . s LHC
gg fusion (dominant) vector boson fusion o[f] |
10|
9 ¢ q ,
g g fusion : t H® WW, ZZ fusion : HO
9 L q ' :
q :
& B3 T
9 - § w,z ’g S
ttfusion : = He W,z < F qb-sqh =
7 '
g = Ho ' TeV4LHC Higgs working group o Ll\
AT q W, Z bremsstrahlung \
100 200 300 400 500
gg (qq) = ttH ’ qq =2 VH m, [GeV]
———1_1 ] T T T T 1 T
107 b o
T j i
g L :
107 =
10° | |
50 1000

P. Eerola 3.1.2012 31



Data for Higgs results

CMS TotaI lntegrated Lum|n05|ty 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
6

D b [Ty 13“ 2’"“'*“339” |
4 T ST SR SUTRTRRRRRRE SRR I S
max L-. |
3 3_54.x1_0??c.m.?.§_1..............._. ................................
N LP11"data'set“%'f .............. ................ 1
1E_P_S__d__a;_tase_t__f o
15[03 7_9@‘ IA '14}06 H -_;’0|‘01i. l A‘:Moél H l30|‘10
Date
Results use a large fraction of the full 2011 dataset.
Certified data for physics: “Golden” 4745 pb' (~92%),
“Muon” 4965 pb' (~96%).
P. Eerola
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. Decay modes analyzed W|th the full 2011 data set

» 1c E 13 T 10;

> g O 4l

5 : 5

& 107'%
0 107
10'2;
107F
103¢
10° 750 200 300 500 1000 19900 2(‘;5 300 400 500
My [GeV] M, [GeV]
Data Used <fb ! CMS Document
H> vy 110-150 HIG-11-030
H - bb 110-135 4.7 HIG-11-031
H->1tt 110-145 4.6 HIG-11-029
H->WW =221 2v 110-600 4.6 HIG-11-024
H-> 77 241 110-600 477 HIG-11-025
H-> 77 2212t 180-600 4.7 HIG-11-028
H > 77 5212j 130-165/200-60 4.6 HIG-11-027
0

H > 7Z7Z =>212v 250-600 4.6 HIG-11-026

P. Eerola 3.1.2012 33



Decay modes

P

my range  Lumi sub- My reso-
Channel (GeV/c?) (fb~1) channels lution

H— 7y 110-150 47 T @227%

H— 171 110-145 4.6 0%
H — bb 110-135 4.7 10%
H— WW — tvlv  110-600 4.6 AL
H—Z77Z — 4l 110-600 4.7

H—ZZ — 2021 180-600 4.7
H— Z7Z — 2{2v 250-600 4.6
200-600

H— ZZ — 2{2q 130-165 4.6

7%
3%

SN N OO W Ul O \O

P. Eerola 3.1.2012 34
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Low mass Higgs search : H-> vy

Simple signal: 2 energetic, isolated .
Excellent mass resolution - narrow mass peak
Large and partly irreducible QCD background
Challenges: vertexing with pileup, calibrations and
transparency corrections for the crystals.

v,= 86 GeV

CMS PAS HIG-011-30

* Background: measured from M.,

sidebands in data

* Calibration constants derived from

Z—>ee data
X i CMS preliminary
(&) - . . 1|
3 6 . # Simulation \  Simulation
m i .
Q) 5 — Parametric Model All Categories
0 B Combined
- : G, = 1.94 GeV/c?
(@) 41
< |
2 -~ FWHM=35GeV/c® |
c 3
() B
o I
2r
1

.‘:1:::.‘::J::::!::::‘:!:Z:,‘1""':'-:::':::::“ P
900 110 120

m,, (GeV/c?)
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H-> yy: data and exclusion limits

|
—wh
N [ CMS preliminary —+- Data o CMS preliminary —4— Data
§ oBQ[LNS =7 TeV L=4.76 0" — Bkg Mode S 400 Ns=7TeVL=4761" — 3'1‘9 Model
[} __ o [} f (;
O] Max(n))<1.5, Min(R,)>0.94 : :f:M m, =120 Ge @ 350 Max(fn))<1.5, Min(R,)<0.94 : ;iSM m, =120 Ge
Z 200f — 300}
2 @ 250f
o 150 o
w C L 200 E
100} 150}
50 C 100F
C . :
fo0 — 720 160 180 %0920 0 Te
m,, (GeV/c?) m,, (GeV/c?)
L 240 i — F
N CMS preliminary —4— Data . F o imi ata
% 220F\s=7TeVL=4.761b" T Dot \'§ 350 :_\c; ff;:,minfzm ' e %; Model
200 -2 o | o
1 80 Max(m|)>1.5, Min(R9)>0.94 —e— 5xSM m, =120 Gel/ (:I_) 300 :_Max(m|)>1 5, Min(R,)<0.94 : ;fqu m, =120 Ge
i = 250§
i) !
$ 200}
lﬁ r
150F
100F
50}
3 A
05 T foo 120 160 180
0 120 160 180 2
m,, (Gev/CZ) my, (GeV/C )

o(H— v v),, o /oH— v v),

. Observed CLs Limit
S eneenes Median Expected CLs Limit Ys=7TeVL=4761"
- [ + 10 Expected CLs
[ [ +20Expected CLs :
4 4___ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 .................................................................

2

1? gy
.i- I .| i I 1 1 | i I 11 | l | | l I . ‘ I 11 | l | | I | .|

q10 15 120 125 130 135 140 145 150

m,, (GeV/c?)

Critical point: background fit model. It
has been shown that the structure/
shape of the observed limit is not due
to the chosen background model.

Using 5™ order polynomial fit to background: some loss in sensitivity
but negligible bias.

P. Eerola
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. Higgs decay to four leptons:
N H > ZZ" > 4de, 41, 2e+2p

Observed event in CMS

M,, = 201 GeV

P. Eerola CMS PAS HIG-011-25 3.1.2012 37



- Results: H 2 ZZ - 4leptons
ik P

CMS Prelminary 2011 Ye=7TaV L=4711b"'
%18llUllal,lIlllllllllllllllln
é 16 ~+ DATA b
2 "y Wz _3 Estimated
£ Bz : background
L% 12 m,=350 GeVic'~ :

~ m.=200 Govict ] Estimated
i et GeV/c’-: Higgs signals

ma >100 GeV/c?
Observed events: 72

Expected events: 67.1 £ 6.0

Baseline 4e 4y 2e2u

77 12.27 + 1.16 | 19.11 + 1.75 | 30.25 £ 2.78

Z+X 1.67 £ 0.55 | 1.13+0.55 | 2.71 £ 0.96
qoo 200 300 400 500 60C All background 13.94 £ 1.28 | 20.24 £ 1.83 | 32.96 + 2.94

Mﬂ [GGV/CZ] my = 120 GeV /c? 0.25 0.62 0.68

my = 140 GeV /c? 1.32 2.48 3.37

my = 350 GeV /c? 1.95 2.61 4.64

Observed 12 23 37
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Low mass region

% 5 CMS Proliminary 2011 Ys=7TeV L=471"
> - DATA
8 4.5 Wz
o "7 Hzz
4 -l ?
@ O ~— m, =140 GeV/c
qc, 3.5 2 m, =120 GeV/c’
i s 8
2sf B
2 %
100 < m4 < 160 GeV/c? - o
Observed events: 13 ' =
Expected events: 9.5 + 1.3 1
0.5
Final state:  4e 4u 2e2| o
Obs.events: 3 5 5
Exp. events: 1.7 3.34.5 e S 2
100 110 120 130 140 150 160

M,, [GeV/c?]
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i_ H->ZZ->4l: 95%CL exclusion limits

& T .
_ CMS Preliminary 2011 _ Ns=7TeV L=471f0 CMS Preliminary 2011 \s=7TeV L=471fb"
G : ' N - R R — T
< —— Observed ; = : :
) 10 ool T ' - < —— QObserved
N . — | BRt Expected 210 -2 }g 10 Se=: Expected 10 |
1 L\ ] mmm- EXpected £ 20 | . N |t N L Expected + 20 ‘‘‘‘‘‘‘‘‘‘
R N - VU A N 5
%\Oﬁ 1 - '5:::,:::::::'""""" - %\g 1
t NI S )
N N
R O S SN S S 11
Iz T
© z 5 i i1 : : .
1 0-1 i i i i 1 0_1 | | | | | | . | | | .
1o 200 0 A0 v 110 120 140 160 1€
4 [GeV/c’] M, [GeV/c?]

Expected range: 130 < M, < 160 GeV; 182 < M, < 420 GeV

Observed range: 134 <M, < 158 GeV; 180 < M, < 305 GeV; 340 < M, < 460 GeV

P. Eerola
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Low mass Higgs search : H-> 1t
. ey
Gluon-fusion production dominant, but overwhelmed by Drell-Yan production of t pairs.

Need additional handles:
- VBF Higgs production,
- high-p; T pairs from Higgs produced in association with a high-p; jet (Boosted)

| |

SM-0/1 jet

-
= ™
Jet, E; =177 Ge\—=5n ->--H ™ 0jets >30 GeV or 1 jet<150 GeV

/”d‘ "

SM-Boosted
One jet Pt>150 GeV
No other jets>30 GeV

T P,V = 70 GeV

Missing E; = 97 GeV

SM-VBFE

/Z >=2 Jets >30 GeV

. % 5 _-H .| An>4’, Mjj>400 GeV

Visible Mass(vt) = 75 GeV | No additional jets with Pt>30 in the
Mass (jj ) = 580 GeV W/Z rapidity gap

An (jj) = 3.5

* vt selection: Y+, , M+, UtE
CMS PAS HIG-011-29 « VBF mode cleanest, most sensitive

3.1.2012 41




: H-> tt : results

LR B LA B B B
CMS Preliminary
r 4,6 fb' \5=7 TeV
TeTys TeTpe TuTh
r e (10x) H->1t m,=120
—— Observed
-
r I Electroweak
[CJaco
T T T
0 100 200 300 400 500

m,; [GeV]
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dN/dm,,

18
16
14
12
10

(=T \C I SN e > B e <

0+ 77717 30 LI T
CMS Preliminary § E CMS Preliminary
46 \s=7 TeV 3 46 \s=7 TeV
T T Ty 12 25¢ ToTur TeTh Ty T
------- (10x) H->1t m,=120 s (10x) H-11 my =120
—— Observed E 20F —— Observed
Jz-ow 3 [z
B i
I Electroweak E 15¢ i Electroweak
3acp iC3Jaco
1.0 -
0.5
0.0
0 100 200 300 0 100 200 300
m;; [GeV] m;; [GeV]
- == H - -

95% CL

o(H—tr)

1xog

CMS Preliminary \/s=7 TeV 4.6 fb"

0 ety
9 95% CL Limits
—— Observed
8F — Expected
7F ]+ 10 Expected
6 [] + 20 Expected
5
4
3
2
U Z
N S B B BT
fo 720 130 140
m,, [GeV]
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K MSSM search ¢ >tt,d=h,H, A

Main production processes:

- gluon fusion through a b quark loop
- direct bb annihilation from the b parton density < increased probability for an
associated b-tagged jet, additional handle to beat the background

.. A
CMS Preliminary 2011 4.6 fb CMS Preliminary 2011 4.6 fb™
50: 50¢
45F- asf-
40E a0F
355 35F
30F :
% = &30_
= C o
© 25¢ , © 25E
) = - A st C
20 95% CL excluded regions 20
- [ 1 cMS observed - "+ —— CMS 4.6 b expected
15 :— w4 —— 11c theory 15 :— - é;ng 1.6 fb™' expected
----- - CMS expected C —— CMS 1.1 fb”! expected
10? N ._::;;;;:.3'-""' ' LEP 10 et \ féIIPSSG Po expected
51 MSSM m;™ scenario, M_ . =1 TeV 5B %  MSSM my ™ scenario, My, =1 TeV
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o:ll|||I||||IIl|IIl|l|||l|7IIIIIIIIIIIIIIII
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m, [GeV] m, [GeV]
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.Low mass Higgs search : H> bb

9g-> H> bb and VBF are dominant
production modes but overwhelmed
by enormous QCD di-jet background

— @ view bb:

Best qption: qq—~> VH; H_ - bb gje1t;1,4, PR m 104.78
Major backgrounds are V+jets, VV, ttbar n0.814, Pr225:93
Use @ 2.299 A (bb,MET)

VH topology : A®(V,H) > 3

P.(V)> 100-160 GeV (boosted W/Z) bjet2

Tight b-tagging & MET quality P-47.3,

Backgrounds estimated from control data n1.783,
@ 2.189

5 sub channels
Z(=2Il); H=>bb, =y, e
W(-=2>Ilv) ; H>bb, /=y, e
Z(2>vv); H>bb

Extensive use of data driven methods
to control the backgrounds.

peeos  CMS PAS HIG-011-31
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95% C.L. Limit on o/og,

H-> bb: results

BDT

Results based on the invariant mass
distribution of H->bb candidates (M) or
boosted decision tree (BDT)

M.

II
T T = T T T
- : : » ~ ol : ;
16— GMS--Prehmmary, BDTanaIySts------------g ------------------------- o % 16— CMS Prell-ml-nary,M ------ anal}_VSIS----------------; ----------------------- e
T \s=7TeV,L= 47fb1 g § [ \s=7TeV,L=471b" |
Lo e VH(bb),comblned """""""""""" E IS 4 VH(bb),omblned """"""""
C i 5 5 : — - i :
12— —e— CLg ObSErved b 3 1 —e—CLgObserved . . L.
I CL Expected < B o CLg Expected
10— CLs Expected £ 16 i 3 10_ I CLgExpected+1o i ...l = Al
C CLs Expected+2¢ — Clg
] > e Y AN S S S
6:— ----------- 6__ ............................
4:._ --------------------- 4__ .......................
2 o
B oo o b by oy b o by " T T T T T
110 115 120 125 130 135 110 115 120 125 130 135
Higgs Mass [GeV] Higgs Mass [GeV]
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Events / 10 GeV/c?

H 2> ZZ-> 212v (high mass Higgs)

% Results based on a cut-based analysis and a binned
. likelihood fit to the M distribution (“shape-based”).

25 ‘culsgr elimina q AL \‘Ilifb | . :qugw.\j-ﬂcy.q,op"

— Higgs ()ooGtV) 1 455 — Higgs (400 GeV)
. el E—

vz § 35} . vz t

. zz ) 30£ oz [ 0 u . .
15 = weenen [ & ) ~ o o 95%CL exclusion limits

22 for a SM Higgs boson in the
| H @ ‘ range 270-440 GeV
| 5 (M; shape based analysis)
260 280 300 320 340 250 300 350 400 450
M, [GeV/c?) M, [GeV/c?)
S, N— CMS Preliminary

10° Cut based

10°
3 3 M. shape
") ”)
- SM HZZ < v 400 - SMMZZ Ny 400
O [ 5% CL exclusion: mean v 95% CL exclusion: mean
8 | - 0 -‘.. CL exchusion: 68% band g 5% CL exclusion: 68% band
b 95% CL exgusion 95% band - 9% (El axchsion 9% band
é 10 | = §5% CL exchusion: cbserved é 10 = 5% CL exchusion: cbserved
3 | 3
-l | -
QO ' o
& | &
Ty
8 1 o 1;
1
107250 300 350 400 450 500 550 6Q0 0250 300 350 400 450 500 550 600
Higgs mass, m_ [GeVice) Higgs mass, m (GeVicT]
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H>2z>21 2q;

QY

N
o
o

CMS Preliminary 2011, 4.6 fb™
MR R s R R R R RS n e

Ns=7Tev
M RAARS RARES

= A
8 [ 0 b-tag category ]
& 200F + paa B
2 L ]
; I —— Expected background ]
‘ . ]
o 150: Duusosswxs i
LIJ -
100F n
50l ]
L 4 + ]
1 ] [N S e Py SO | !
?25 130 135 140 145 150 155 160 165 170
my, [GeV]
CMS Preliminary 2011, 4.6 fb”’ \s =7 Tev
; 12c> 1 I 1 T T 1 1 I i
8 [ 1b-tag category
vy - ]
& "OC . pua
o L ]
,\Q 80 — Expected background .
c
[ r D H (150 GeV) x 5 ]
o L
W eor 7
s
20f

1oyl N B v S SN
‘?25 130 135 140 145 150 155

1 1 ]
160 165 170
mz; [GeV]

. CMS Preliminary 2011, 4.6 fbo'
BT

T

2 b-tag category
e Data

—— Expected background

D H (150 GeV) x 5

Events / (2.25 GeV)
0

@
LU B L L B LR N B R

| —

s =7TeV
T
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?25 130 135 140 145 150 155

160 165 170
m, [GeV]

Events / (20 GeV) Events / (20 GeV)

Events / (20 GeV)

results

CMS Preliminary 2011, 4.6 fb™! NS =7 TeV
T

600~ 0 b-tag category -

E e Data E

500 + Expected background

K [] H(400 GeV) x 2 ]

400 [ ]z+jets B

" [ zzwzww ]

300f [ waw E

200[F B

100f E

0200 300 400 500 600 700 800

my, [GeV]

CMS Preliminary 2011, 4.6 fb™! S =7 Tev

8OO T T T T T T

1 b-tag category 3

700 *« Data =

600 Expected background 7

[ ] H (400 GeV) x 2 E

500 [ Jz+jets E

[ zzwzww ]

i N aaw E

300 E

200 =

100 =

o200 300 400 500 600 700 800
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CMS Preliminary 2011, 4.6 fb™' Ns=7TeV

2 b-tag category E

* Data -

Expected background ]

[_] H (400 GeV) x 2 E

[lzZ+jets ]

[0 zzwzww ]

0 ww E

20 3
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e ]

%00

300 400 500 600 700 800

m, [GeV]
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CMS Preliminary 2011, 4.6 fb™’ s =7 TeV
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-

H >ZZ-2l 2t (high mass Higgs)

S

. uutet, candidate

Electron, p = 2276 GeVic_— 9~ g

—
L 3 ‘ =
- | ) ‘ E :
T ’g
-I‘, - -
e -

4]
O 5
S~
o
O 4
o]
3
£ 30
3
1] oL
17

\\\\.\\..1
PISAN

NN NN
SN g g

® DATA -
777 H200 - ZZ - It

TN

S H400 - Z2Z - Tht

CMS Preliminary,\[s=7 TeV, 4.7 fb"

s 20T T T T
2]
Qw H— ZZ — ket
o .| e Expected CLs Limit
§ 15 -:10
o) B:20
——— Observed CLs Limit
10
5
1

| | | |
200 300 400 500 600
m,, (GeV/c?)

10 observed events, 10.3 expected background
Background shapes are taken from MC simulation
and normalized to the values obtained using data-
driven techniques.
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" H-> WW - 2| 2v

No signal mass peak (missing vv ) =& Counting
expt.

Challenge is to remove & control large
backgrounds

Cross-section x Branching Ratio (fb)
1E+08

>
"X/Q /Q )

IE+06

IE+05
I.
|E+04

~
IE+03 v
Signal characteristics: Major requirements:

Only 2 opposite sign, isolated leptons Lepton P, > 15 GeV, tight ID & Isolation
significant ME=» No mass peak Large ME; & Z & py, ee veto
No b-jets, no additional low P p Classification by # of jets (P > 30 GeV) & b-jet
With additional 0, 1 or 2 jets (VBF) veto
Small A® (I*lI") € Higgs scalarity Kinematic discriminants: M, & A® (I*")

M,,—dependent cut optimization

CMS PAS HIG'011'24 3.1.2012 49
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. Data and limits in cut and count analysis

‘ Results based on a cut-based analysis
- or a boosted decision tree.

)

I I T ‘ T T T | I I | I I T

-og \]— . . -1 b% 9 é_ CMS Preliminary ----- Median Expected (CLs) _45—
3 CMSNs=7TeV,L,  =4.61b = YE 4 HoWW,O0M2jet (CutBased) [ Expectediio -
d>.7| 05 « data g 8C- 1 L=46fb" [ Expectedt 20 =
- ) —e— (Observed (CLs .
D H(1 30) - WW o E «u@ee Observed :Baylsian) E
m WHjets 2 [l E
M di-boson £ 5o | E
o top 4 :
M Z+jets R 5 A 3
. IWW > 4 | E
1o’ - :
- 3 =N |
B ? i_ §
3 C nes
10°8 g — e —
L — 0 :| | | | ] l.' — -4 | ! | ! | | | | 1_'
. - R — 100 150 200 250 300
10°2 ww Higgs Higgs mass [GeV/c]
F g selection | | | “selécomT

Pz Z Vi

s s boto O voto ™1 .427 cur ¥ eur B cue M cur ™ curg” Y ey Expected range: 128 < M, < 236 GeV
Observed range: 132< M, < 238 GeV

Data describes predicted
background well.
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95% CL Limit onc/c

. BDT shape comparison B |
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CMS combination and sensitivity @ 4.7 fb-"

) -4

E T T 1 ll‘lll T T T T T T S ) S S S s 2 LI L L L L L L B B B o e e e e S e
» 402 CMS Private,\'s =7 TeV .| Expected limits D 4n2 | i ‘ i | Expected limits ]
Q 10 R S So_r)ngg]ed (47fb) E 10 CMS Private, \“S=7TeV L] ﬁ(lﬂgll;]ed (47ﬂ)1)
[ T S T T H— 11 (46fb) o T s S S S N IS H—- 1t (4.6fb‘) ]
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= S — P noww @y (1S L HoWw (4610
........ H— ZZ — 4l (47fb1) o e H 77— 41 (4.7 07
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Very close or better than 1xSM in the full mass range.
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CLs for SM Higgs

|
——
3 £ CMS Preliminary,\s =7 TeV — Observed | 3 [ CMSPreliminary,Ns=7TeV | e observed
2 ~~ Combined, L _ =4.6-4.7 fb” #58 Expectedt 1 || 2 ~ Combined, L. = 4.6-4.7 fb" = Expected+ 16 |]
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2] B 2] \
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| | | | |
Preliminary exclusion limits
95% CL: obs 127-600 exp:117-543
y
99% CL: obs 128-525, exp:125-500
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Limits on o/o,,,, (CLs method)

CMS Preliminary,\Ns =7 TeV [ opserved
, -1
Combined, Lint =4.6-4.7 fb S5 Expected + 1o

—
o

95% CL limit on /o,

10'1 1 1 | | 1 IIIiIIIIIIIIIiIIIIIIIII%IIII%IIII

100 200 300 400 500 600
Higgs boson mass (GeV/c?)

CMS PAS HIG-011-32
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6 December 2011 M = 161 GeV
5 - ¥ A =
H : —0.02750+0.00033
1 0.02749:0.00010
4 - 1t incl. low Q° data
3 -
2 -
1 —
| LEP CMS
0 excluded o Ao excluded
30 100 300
m,, [GeV]
P. Eerola

EWK fits together with CMS results

80 . 5 December' 2011

68% CL

]
[C1CMS excluded

| —LEP2 and Tevatron
{ -+ LEP1 and SLD

175
m, [GeV]

3.1.2012
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95% CL limit on /o,

Limits by channel

Solid line = Observed limit ; Dashed line = Median Expected

CMS Preliminary,\s =7 TeV

—— Combined observed
S EETTTT Combined expected

: Combined, L =4.6-4.7 fo" H— bb (4.7 o)
int —— How (4.6 fo)
B | — Ho WwW (4.6 fo)

— H— ZZ — 4l (4.7 o) |

— H—ZZ - 212t (4.6 fb"?
— H—>ZZ—-212q (4.6 b
| = H ZZ — 21 2v (461"

RN NS R
200

300 400 500 60
Higgs boson mass (GeV/c?)

(Asymptotic CLs only)
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95% CL limit on o/cg,,

-
o
N

TTTIT

|||||||||||||||||||||||||||||||||||||||||||||||||

CMS Preliminary,\s =7 TeV
Combined, Lim =4.6-47f0"

-
o

11

FeaeRdeien
P TR B sk e

TENENE B

110 115

|I||I 1111 111 |
20 125 130 135 140 145 150 155 160

Higgs boson mass (GeV/c?)

Expected Observed

3.1.2012 56



Zoom in the low mass region

-
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Higgs boson mass (GeV/c?)

We cannot exclude the presence of the
SM Higgs boson below 127 GeV
because of a modest excess of events
in the region between 115 and 127 GeV.
A broad excess driven by the low
resolution channels, modulated by the
localized excesses seen by the high
resolution channels (H->4l+yy).
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. Local and global p-values
A

1

()] = T =
2 E s, & o - - g
® - AT A o
> i E A VRV N T/ e O N A N A | > B
= 3 © -
(@] - . -
- 126 9 -
10% =
5 [ S CMS Preliminary, \'s = 7 TeV _[30 3 IV ISR SRR SO DR _CMS Preliminary, \'s = 7 TeV _| 30
10 = i = Combined E 107 ¢ ‘ =
N ﬂ_)bb (4 Z;fﬂg) ] - == Combined 1]
- H:% }47&;{; 1 B _ . PR s }ﬁgf}g}
| Interpretation requires look- iy g A0 (29; b7) -4 | Interpretation requires look- Cne How (4.7 o)
10-4 E p qU|res 00 RSS! Ho ZZ — 2121 46f ) E 10 ; i - - - H— WW (46fb ) E
= elsewhere effect correction — Hﬁgﬁg:g\/ 232; ; 54 - eIsewhere effect‘correctlon - - H;’%%Z‘g‘l 2q %iém Hao
 elsewnere efiect correction 1 7T 2775 146 C L il ]
100‘200 300 400 500 600 110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?) Higgs boson mass (GeV/c?)

Maximum local significance 2.60.

LEE-corrected significance (full mass range: 110-600GeV)= 0.60
LEE-corrected significance (low mass range: 110-145GeV)= 1.90
The excess we see in the low mass region has a modest
statistical significance and can be definitely interpreted as a
fluctuation of the background.
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» Anatomy of the excess: Observed and Expected

1

) = I i BB i I 5
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TIPS ] M R S O U _
|
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1078 E_ ...................... "“ ....... ................... Interpretatlon requires look- —=
- : | 5 : elsewhere effect correction 3
- I —— Asymptotic Obs. | -
104 L CMS Preliminary,\s=7TeV e Ensemble Obs. |—
- Combined, L =4.6-4.7fo" - Asymptotic Exp. |
1”11“111““1“111““1““1“111[1“1““1“11

110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)

Dashed line: expected p-values for a SM Higgs boson.
A SM Higgs boson is expected to yield a modest p-value

(2-30 median value) in the range 115-127 GeV.
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Anatomy of the excess: best fit o/,
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- CMS Preliminary, \'s = 7 TeV, Combined, L = 4.6-4.7 fb" .
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Fitted o/og,, compatible with 1 in the full low mass range.
Median value touching 1 at a mass of 124 GeV and below.
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. Anatomy of the excess
‘ Best fit o/o,,, of the various channels

.0 o S NN B L 5% A B B L
m, = 119.5 GeV/& CMS Preliminary,\'s = 7 TeV m, = 124 GeV/c? CMS Preliminary,\s = 7 TeV
4= Combined +16 Combined, L = 4.6-4.7 fb 4= Combined +16 Combined, L =4.6-4.7 fb”
—@— Single channel +1c fﬁ: 3 | E E —@— Single channel +1c ; é |
H— bb H— bb
H—o1t H— 1t
H— vy H— vy
H— WW H—- WW
H— ZZ — 4l & H— ZZ — 4l ot o
11 l 11 1 | l 11 1 | I 1 1 1 1 1 l [ | \ (’ ' 1 l 1 ‘
2 1 0 1

3 4 5
Best fit G/GSM

3 4 5
Best fit 0'/(3SM

Excess quite consistently seen in all individual channels

+10 in the low mass region.
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Searching for Supersymmetry and

other New Physics

3.1.2012

62



%

Particles

”i\

<~Su ersymmetric
”shadow " particl

Standard particles SUSY particles

SSSSSSSS

P. Eerola

Supersymmetry - SUSY

Unified theory

Elegant way of solving the
hierarchy problem of the
Standard Model (radiative
corrections to Higgs mass
grow to very large values)
Lightest SUSY particle the
“"best” candidate for dark
matter
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. Supersymmetric particles:
“&. nothing so far

(750)%[8/8 Dilepton

o CMS Preliminary \s=7TeV, [Ldt=11fb"
B 1 Ll I I I I I I I I I ' I I I I I I I |
5 § — 2011 Limits - CDF 3, 7, tanp=5, 1<0 -
600 " -==:2010 Limits DO 2,7, tanp=3,u<0 -
C — — LEP2 % 7]
: tanf) = 10, AO = 0, w> 0 - f: : Excluded
B | | LEP2 | —
500— - range
C Jets+MHT i
L Razor (0.8 fb™!) -
400_— 1 Lepton g£(1000)Gev

300

e T _— <
-:0~A:-.' ..- ~I -I-I'.. ..... ; ‘.’... —'
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2
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LHC: much larger parameter space excluded than at Tevatron
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Excluded SUSY mass ranges

CMS Preliminary
Ranges of exclusion limits for gluinos and squarks, varying m(y")

0

T1: 5—qq’ |ap 1.1 fb7', gluino

T1: §—qq\’ | By + jets, 1.1 fb !, gl

T1: 5—qq’ |MT2, 1.1 fb !, glui

Range of excluded
mass scale in
Simplified Model
T1bbbb: §—bbi" [MT2, 1.1fb ', gluino Spectra from several

[ ]
]
Tlinu: g—gq¢* [1515, 0.98 fb ', gluino ] 2011 CMS SUSY
]
[ ]

T2: 4—qY" |ap 1.1 o', squark

T2: §—qX’ | B, + jets, 1.1fb !, sq

Tlbbbb: g—bby" | E+b, 1.1 fb', gluino

TiLh: g—qgi0|X° (1717, 0.98 fb~!, gluino searches

T52z: §—qaXs | Z+ B, 0.98 fb~!, gluino

T52z: §—qq%s |JZB, 2.1 fb~!, gluino I

T522: §—0qi) | By + jets, 1.1 b, o/ fiNGHNNNN
T52z: §—qq%s |ap 1.1 o', gluino _

TLtttt: g—ttx; |171%, 1.1 fb !, gluino . .
0 200 400 600 800 1000
Mass scales (GeV/c?)

For limits on m(g),m(g) > >m(g) (and vice versa). ¢! =g"L-0-QD

m(x* )m(i3) =220,
m(y") is varied from 0 GeV /c* (dark blue) to m(§)—200 GeV/c? (light blue).
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. ...no other new particles either...

Z’ssm I

Zw

Gkxk Il K/M = 0.1

W’ Iv

W’ dijet

Gkx YY kK/M = 0.1 (2010)

Mo, b’ = tW (2010)
Me, ' = tZ (100%)
Me, t* = bW (100%), I+jets

Mgluino, HSCP

Magiuine, Stopped Gluino
Mstop, HSCP

Mstop. St0pped Gluino
Mstau, HSCP

Ms, Yy. GRW (2010)

Ms, pu, GRW (2010)

Mp, monojet, nepo = 2 (2010)

Mp, monojet, nep = 6 (2010)

Mg+, rotating, Mpo=3.5 TeV, neo =2
Mg+, non-rot, Mp=1.5 TeV, nepo = 6

String Ball M, Mp=2.1, Ms=1.7, gs=0.4

String Resonances

Ee diquarks
Axigluon/Coloron

q~ , dijet

q~ , boosted Z

e, AN=2TeV

Y, A=2TeV

C.l. A, dijet mass (3 pb)
C.l. A, X analysis

LQ1, B=0.5 (2010)

LQ1, B=1.0 (2010)
LQ2, B=1.0 (2010)
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Limits in TeV
Heavy Bosons

1.94 2011
1.62 2011
1.78 2011
2.27 2011
1.51 2011
0.945 2010
4th Generation
0.361 2010
0.417 2011
0.45 2011
Heavy Stable Particles
0.899 2011
0.601 2011
0.620 2011
0.337 2011
0.293 2011
Large Extra Dimensions
1.89 2010
1.75 2010
2.56 2010
1.68 2010
4.1 2011
5.1 2011
4.1 2011
Compositeness and Contact Interactions
4.0 2011
3.52 2011
2.47 2011
2.49 2011
1.17 2010
0.720 2010
0.745 2010
4.0 2010
5.6 2010
LeptoQuark
0.340 2010
0.384 2010
0.394 2010

4.2 4.8
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Why nothing so far?

M. Peskin, Lepton-Photon conference Aug 2011:
"SUSY is a beautiful idea. It is a theory with only weak
couplings, in which all effects can be computed
explicitly, that provides solutions to many of the
important problems of particle physics, including
electroweak symmetry breaking, grand unification,
and dark matter....”
”It is time to give up on the cMSSM. But what should
replace it:”

”1. Find a type of SUSY model in which the mass scale is

least constrained”
72. Accept that the theory of electroweak symmetry

breaking might involve strong interactions”
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_ Consequences:
~a N

1. option:

Not all the SUSY particles need to have masses near the 100 GeV scale,
only Higgsinos and top

-> look for 3rd generation SUSY particles, stop, sbhottom
2. option:
The Higgs is composite with strong interactions

-> a general feature is the appearance of partners of W, Z, top (W’, Z’, T)
3. option:
The Standard Model is consistent up to the Planck scale (101° GeV)
-> consistency with 125 GeV Higgs?

Peskin: ”We must confront the possibility that we have come to the end
of our ability to understand physics microscopically”
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LHC: future?

M2010-2012 -7 TeV

H2013-2014 — shutdown, improve magnets

W2015-2017 > 14 TeV, L to 103* cm-2s-1

M2017-2018 — shutdown, replacements of inner
parts of detectors

M2019-2021 - 14 TeV, L >10%* cm2s1?

M 2022 - shutdown, major upgrades

M .. .continue past 2030...7?

3.1.2012
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‘i\ Summary
B LHC: enormous amounts of new results in a new
0 energy domain
B The accelerator and the experiments have been
working in a fantastic way
B Very rapid take-over of physics leadership
B No signs of new physics yet, Supersymmetry
being constrained more and more...

B Standard Model is the final answer??
B Some of the Tevatron 2-3¢ effects disfavoured

P. Eerola 3.1.2012



B Higgs bosons:

B CMS has reached a sensitivity of around or better than
1xSM in the full mass range of our current exploration
(115-600 GeV). 95% CL exclusion limit (127-600) GeV.

B CMS is not able to exclude the presence of the SM
Higgs below 127 GeV because of a modest excess of
events between 115 and 127 GeV

B Excess appears in five independent channels

B The excess is most compatible with a SM Higgs
hypothesis in the vicinity of 124 GeV and below

B The statistical significance (2.6c local and 1.90 global
after correcting for the LEE in the low mass region) is
not sufficient

B Results consistent either with a background fluctuation
or with the presence of the SM Higgs boson

B Refined analyses and additional data in 2012 will
definitely give an answer
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LHC: performance 2010

Amount of data 2010
- Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)
= — Delivered 47.03 pb~! : h
r — Recorded 43.17 pb™ : '
- : :
BO [+ i
30_............................................................... ...................................... -
20 ....................................................................................................... -
10_.................................................................‘.....................; ...... e -
i ; ;
29/0% 12/05 25/06 08/08 21/09 04/11
Date

P. Eerola

3.1.2012 74



P. Eerola

Luminosity: quick user’s guide

Integrated luminosity: £ = det
N(number of events) = g(cross section) x L(int. luminosity)
Example:
Top-quark production cross section at LHC: o ~ 165 pb =165 000 fb
2011: LHC L =5 fb-1
N=ocxL=165 000 fb x 5 fb-' =825 000 events in 2011
1 barn = 1024 cm?
t=107 s, L=10%2cm2?s'> L =107s x 1032 cm2 s =
(10-39cm?) 1 = (1015102 cm?)' = (1 fb)1 =1 fb"

t=107 s ("1 year”), L=10%3¢ cm=~ s*' (design L) > L = 100 fb""

In 2011, the effective "year” (= time in stable beams) was t=5x10°
s, and the collected integrated luminosity was £ = 5 fb-! - average
L during the year was L = 1033 cm s
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Fraction of events

" H->vyy
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.
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Fraction of Higgs vertices found within
10 mm of their true location, for a MC
signal sample (m, = 120 GeV/c?), as a
function of the Higgs p;. The distribution
of the number of interactions per bunch
crossing (nPU) in the MC is adjusted to
be the same as in the data by weighting
the events.
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Improvemens in Photon Energy Resolution

" Comprehensive energy resolution studies made with Z >ee, W 2ev
and E/p, n° intercalibrations and laser signals for transparency
corrections

Relative E . /ptk scale

><1'03| T T T T
- ) ) ) ) 1-CMS Preliminary 2011, 7TeV| || no corrections
Effect of laser corrections and intercalibration on B | NN T
i L=47 fb Intecalibrations (IC)
barrel-barrel Z->ee 08F \ .
. . . . - IC + transparency
Resolution in data improves typically by 10%, EB, " ECAL barrel
InI>1, R9>0.94 061
Additional smearing in data for the best EB ol |
category: 0.99 +0.01 GeV s ')
O L 17401395 | FPI— 0-2:_
1015 . ;MS °Z°§§§; 0: - . )
: - ! - RMi 0.006658 60 80 100 120
?{*"’fw\?@%’* """"" s g & i M., (GeV/&)
o-eei I Energy scale for W—ev and Z—ee stable
W/I“ throughout 2011 at the level of 0.1 GeV.
0_9,5 EB inter-calibration and transparency
: ] correction fully understood for the entire

1 L1 L1 TR L1 TR L1 sl b Ly
204 2605 2506 2507 2408 2309 2310 0 20 40 60 2011 data set.
ate
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S H > ZZ S4e, 4, 2e2u

Improved sensitivity at low Higgs
» Reduce MZ, cut from 60 - 50GeV
= Reduce MZ, cut from 20 - 12GeV
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Distribution of the reconstructed mass of the ;2]

first lepton pair (M) in the sum of the

4| channels. Points represent the data,
shaded histograms represent the signal
and background expectations. The samples
correspond to an integrated luminosity of
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dN/dm_

Data/MC-1

. H-> tt : data and limits

data in VBF Channels
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H->tt

CMS Preliminary,\'s=7 TeV, 4.7 fb"
| | | | |

o
-

@

O

o

o
|

® DATA n

0.06-

0.04-

T, misidentification rate

0.02-

Data to MC comparison for the hadronic tau fake rate.
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H-=>bb: Example of control regions in WH analysis

op control region
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Anatomy of an excess: p-values for the high and
‘ the low-resolution channels

m 1 El L ! | L L L : L I | L L L | 17T 1T ! [ ! I L | L I L LI IE
< -
7 o W T VO SRR Y / -~ U SO N WP - VR N G | io
Q. -1
— 10 ¢ ¢
8 - -
o) SN IR IS AU SN SN AU S £
- ~ =]
IS I R U e, .« SN S SR SN S S S |
10°E E
I B IS AU S . CMS Preliminary, \'s = 7 TeV _| 30
10 g...“, ............................................................................................................................... E
— =——a— Combined |
10 L Interpretatlon reqUIres Iook-_ _______________________ —=— H->dl+yy
- elsewhere effect correction —=— H— bb+1T+WW §
_41L41L41LJ1L41L41L-111»4l#-l b= 4 o - l-&ll-ill—-‘l}--lll—-ill—ilb-ll-46

110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)

P. Eerola 3.1.2012 85



Higgs Sensitivity : 1, 2, 5and 10 fb' @ 7 TeV

Vivek Sharma, Lepton-
Photon conference, Aug 2011
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