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Total weight 14000t C M S
Overall diameter 15 m ECAL 76k scintillating

PbWO, crystals
Overalllength 28.7m MUON ENDCAPS

HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?2
~137k ch

Steel + quartz
Fibers 2~k ch

Pixel

Tracker Pixels & Tracker
 Pixels (100x150 um2)
ECAL ~ 1 m2 ~66M ch
HCAL *Si Strips (80-180 um)
~200 m2 ~9.6M ch
Muons MUON BARREL

Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC
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CMS . o
Z Operational Efficiency

Thus farin 2012, CMS has recorded 93% of the
luminosity delivered by the LHC. Of that 85% is certified
as “golden” (good for physics).

Pixels
orect s The fraction
ECAL Endcap of working
 HeALOvter channels is
HCAL Endcap >98%

HCAL Barrel
muon RPC
muon DT
muon CSC




Measurement

Shoulders of Giants

Iomeas_ Ofitl /Omeas

Fit

Studies at the LHC build
on a beautiful series of
previous EWSB
measurements at the
Tevatron, LEP, and SLC.
These measurements
provide a lot of
guidance of where and
how to look.

o 1.2 3
m,[GeV] 91.1875:0.0021 91.1874
r,[GeV]  2.4952x0.0023  2.4959
G [Nb] 41.540 + 0.037 41.478
R, 20.767 + 0.025  20.742
A 0.01714 = 0.00095 0.01645
A(P.) 0.1465+ 0.0032  0.1481
R, 0.21629 + 0.00066 0.21579
R, 0.1721+0.0030  0.1723
AYP 0.0992 + 0.0016  0.1038
AY° 0.0707 = 0.0035  0.0742
A, 0.923 = 0.020 0.935
A, 0.670 = 0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin’6"(Q,,) 0.2324 =0.0012  0.2314
m, [GeV] 80.385:0.015  80.377
r,[GeV]  2.085x0.042 2.092
m,[GeV]  173.20 £ 0.90 173.26
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Exquisitely precise
measurement of
IVIW
driven mainly by the
Tevatron.

Much of the SM Higgs
range had been ruled out
by 2011 LHC running.
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Exclusions of M;:
— LEP < 114 GeV (arXiv:0602042v1)
— Tevatron [156,177] GeV ( arXiv:1107.5518)
- LHC [~127, 600] GeV arXiv:1202.1408 (ATLAS)
arXiv:1202.1488 (CMS)
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CMS
_Z Higgs Production

t * Cross section =20 pb,
oS . dominated by gg fusion
* 8 TeV cross sections
25%-30% higher
* All production modes used

WW. ZZ fusion=> 0  gg, VBF, VH, ttH (not shown)
e Last three have smaller

QW'Z rates, but better S/B.
- 0
; .

W, Z bremsstrahlung

HO
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Higgs Decay

Branching ratios
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Five modes studied
e vy, Z2Z, WW, T'T, bb

e The branching ratio

plot, however, tells
only part of the story
—i.e., it’s quality, not
guantity.



Higgs Decay

CMS \s=7TeV,L=5.1f6" {s=8TeV,L=5.3"fb"

______________________________ 11o

102 ——— :232 Most of the heavy
: lifting is done by yy
and ZZ, since those
modes exploit the
TN N\ Yo excellent mass
| resolution (~1%) of
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| — o ww CMS. This talk will
1014__— :rr 1
e/ SR focus on those.
110 115 120 125 130 135 140 145

m,, (GeV)

8/27/12 CMS Higgs Marlow 10



CMS .
Dé Event Reconstruction

- H

. S HCAL
e H > Clusters
. i ; detector
Particle T
Flow h ECAL

charged .
hadrons particle-flow ﬂ

Stable particles in the event are reconstructed by a
sophisticated algorithm that combines information from all
sub-detectors. This exploits the fine-grained nature of CMS.
The particles thus reconstructed are then combined into jets.

8/27/12 CMS Higgs Marlow 11
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Photons (EM Calorimetry)

Calibration
is a key

issue for
H-2>vyy
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EM Calorimetry
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Light monitoring (LM) corrections are used to greatly
improve the temporal stability.
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Events / 1 GeV

CMS Preliminary ys=8TeV, L=5.1fb"
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* High efficiency down to p;= 15 GeV
— Exploit also tracker-based muon ID
. — Important for H->ZZ->4|
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CMS
Dé Leptons

CMS Preliminary fs=7TeV,L=4.7 fb 9
E 12__ |:|ZIZy*—)4I
S i Bl z+x
g, 0] ® Data q
8_ 2011 CMS and LHC are good
o ‘ enough to allow for the
i search (and discovery!)
A
i I of rare Z decays.
2_ k'L
LAl B(Z—40)=(42+09+02)x10"

80 80 100 120 140 160
M,, (GeV)
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT ‘ ,‘L
Run/Event: 194108 / 564224000 y H 9 }'} }K
]




CMS
_ Z H->vyy Strategy

* Multi-Variate Analysis (MVA) for photon ID and
event classification

— Divide events into non-overlapping samples of varying
S/B based on properties of the reconstructed photons
and presence of di-jets from VBF process

* Cross check with cut-based analysis
— MVA and cut-based results consistent
— MVA gives 15% better sensitivity
* Primary vertex selection, which is needed for M,

calculation, is based on consistency with di-
photon kinematics (p; balance etc.)

— Correct assignment 83% (80%) in 2011 (2012)

8/27/12 CMS Higgs Marlow 18



CMS _
é Photon/Jet Selection

* Photons
— |n,/<2.5and notin 1.44 < |n |< 1.57
— Leading photon p;>M, /3
— Other photon p>M, /4
— Leading photon in di-jet case p>M,, /2
e Jets (VBF)
— Nl < 4.7
— Leading jet p;>30 GeV, other jet p;>20 GeV
— An>3.5
— M,;;>250 GeV @ 8 TeV

8/27/12 CMS Higgs Marlow 19



CMS .
_z Event Selection

Use a boosted decision tree to classify events
based on

— Photon quality (shape and isolation)
— Expected mass resolution
— Probability of correct vertex assignment

— Kinematic characteristics of photons (excluding
invariant mass)

Divide events into five categories, dropping those
in the lowest category

Create additional category for di-jet tagged
events

See table next page

8/27/12 CMS Higgs Marlow 20



CMS _ _
IExpected Yield for SM Higgs

Event SM Higgs boson expected signal (my = 125GeV) Background

categories Ooff FWHM/2.35 || Moy = 125GeV
Events | ggH VBF VH ttH | (GeV) (GeV) (events/GeV)
T BDT 0 32 61% 17% 19% 3% | 1.21 114 33104
€ BDT 1 163 | 88% 6% 6% - | 1.26 1.08 37.5+1.3
s BDT 2 215 | 92% 4% 4% - | 159 1.32 748+1.9
2 BDT 3 328 | 92% 4% 4% - | 247 2.07 193.6 +3.0
~ | Dipettag 29 | 27% 72% 1% -| 173 1.37 1.7+0.2
_ BDT 0 61| 68% 12% 16% 4% | 1.38 1.23 74%0.6
2 BDT 1 210 | 87% 6% 6% 1% | 1.53 1.31 547+1.5
« BDT 2 302 | 92% 4% 4% - | 194 1.55 115.2+2.3
- BDT3 || 400| 92% 4% 4% -| 286 2.35 256.5+ 3.4
= | Dijet tight 26| 23% 77% - - | 206 1.57 1.3+0.2
“ | Dijetloose 30 |53% 45% 2% -| 195 1.48 3.7+0.4

8/27/12 CMS Higgs Marlow 21



Local p Values

CMS {(s=7TeV.L=51fb"' {s=8TeV.L=53 1"
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Significance based on local p-value: 4.1c0
Significance based on global p-value: 3.20 (110-150) GeV
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Old Fashioned Spectrum
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KU (Z,) p;: 43 GeV

4-lepton Mass : 126.9 GeV

wi(z,) p;: 24 GeV

e*(Z,) p;: 21 GeV

CMS Experiment at LHC, CERN

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

Lumi section: 115

8/27/12 CMS Higgs Marlow 24



CMS

H—>ZZ Selection

e 4de, 4y, 2e2pu cases handled separately

e Backgrounds

— Direct ZZ production (irreducible)

— Z+bb, Z+tt (real leptons)

— Z+jets, WZ+jets (jet misID as lepton)
Final state radiation (FSR) recovery

* Lepton Requirements

— Electrons: p; > 7 GeV, |n|<2.5

— Muons: p;>5GeV, |n[<2.4

— |solation for both e’s and ’s

— Leptons must come from common vertex
Di-lepton mass

— Closest match: 40 < M, <120 GeV

— Other pair: 12 <M, < 120 GeV

8/27/12 CMS Higgs Marlow
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M2 | Matrix Element Likelihood Analysis

PRD81,075022(2010)

MELA uses kinematic inputs for
signal to background discrimination

{m]_)mz;e]_/ez;e*lCDICD]_}

Prokg (M1, ma, 01,00, @, 0%, ®1|myy)

MELA = |1+
Psig(mh ma, 917 927 (ba 9*7 (Dllmélf)

CCCCCCC iminary 2012 Vs=7 TeV, L=5.05fb™"; V=8 TeV, L=5.26 fb”! CMS Preliminary 2012 V527 TeV, L=5.05 fb™: {s=8 TeV, L=5.26 fb"" CMS Preliminary 2012 v
42‘0'1:H'l”"”[HIIIH|HI|HI|”||”I‘”: >,0.2_lll|llll‘llll T T T T T T T ] 30-1:"‘||||‘||||‘|4||||l‘lII TT T T T T T
'€0.00[ 4 ESo.1sb 1 So0.09F R
I: SM H(125 GeV) 1 5018 = Rt .
20.08F 77 41  So0.16} 4 £0.08f R
© e E I b
©0.07 a9 Z 80.14% 1 Qo.o7f E
NUUE ¥ / I S :
© 0.06 (—Uo_12/ -4 ®©0.06
£ 0.05 = 1 E
50. = 0.1 B = 0.05
& g -

0.04 0.08F - 0.04
0.03 0.06 3 0.03
0.02 0.04f 3 0.02
0.01 1

0.02 - 0.01

Z 0 =T 0 %

"1:08:0.6:04020 02040805 ] 20 30 40 50 _ 60 '1-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1
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4] Mass Spectrum

Events / 3 GeV

CMB s=7T%V,L=51mb" s=8TeV,L=53D"
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- _ w2 .
of Bl L Ll
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8 o TI1 m,, (GeV) -
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CMS

H-—>27Z Signal and Background

~Channel de 4u 2e2u 4¢
ZZ background 27 +03 57+ 0.6 7.2+ 08 156+ 14
Z+X 12454 0.9197 23418 44132
All backgrounds (110 < my, < 160GeV) | 40+1.0 | 66+09 | 9.7 1.8 20+ 3
Observed (110 < my < 160 GeV) 6 6 9 21

“Signal (my; = 125GeV) 136 £022[274+032 [ 344+ 044 [|7.54 £ 078
All backgrounds (signal region) 0.7 +£0.2 1.3+01 1.9+0.3 3.8+0.5
Observed (signal region) 1 3 5 9

Signal Region: 121.5<M,, <130.5 GeV

Observed significance at M, = 125.6 GeV:
3.20 (vs 3.80 expected for SM Higgs)

8/27/12

CMS Higgs Marlow
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Other Modes

CMS \s=8TeV,L=5.1fb" CMS \s=7TeV,L=49f" Vs=8TeV.L=511b"
> LN S B B S B N A > S B L Y
O L © i i____im=125GeV i
(D 40-_ ¢ data 7 (5 N —&— observed i
o [] m, =125 GeV o a4l % ?o—;” b
- - bk gy - B clectroweak i
n - | Y% %2 - ] acp -
G:J 30__ top ] c g _
e - B Ztjets g) - §
L - I WH+jets L . i
20F . : :
- ] 2 B
: : : :
0_ 1 P B +|+ # |~_“|+$-‘#l—+l *l 1 ﬁ : ;
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H—=WW (0-jet eu) H — 71t (ur, VBF)
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Other Modes

CMSH-stt Vs=7TeV.L= 49ro‘r 8TeVL 51fb‘ CMSH—bb YVs=7TeV.L=50f" ys=8TeV.L=511fb"
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Combined Results

1CMS s=7TeV,L=51f"' {s=8TeV,L=531b" CMS Vs=7TeV,L=51f" \s=8TeV,L=531"
T

lllllllllllllllllll'§10 llll"'l"‘l"'l"'l'%b

()} ()}

- _ - _

E S \N s g IOENC 20
1 10 E

o N\ &
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10712 . - - Expected for SM H 1010 M-
10—11 —s=T7TeV 10—11 —El:‘\:‘\:w
10-12|.4711§1:|8|T1e\{ 1171 I 1T } 1T i 1T } T I—-|70 -12E H—>bb } | | | 370
116 118 120 122 124 126 128 130 107546 118 120 122 124 126 128 130
my (GeV) my (GeV)

By dataset By mode
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CMS _
;_/// Combined Results

Decay mode/combination | Expected (¢) | Observed (o)
YY 2.8 4.1
ZZ 3.6 3.1
TT + bb 24 0.4
YY + ZZ 4.7 5.0
Yy + ZZ + WW 52 5.1
vy +ZZ+WW + 1T + bb 5.8 5.0

Overall significance 5.00 versus 5.80 expected.

8/27/12 CMS Higgs Marlow
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Signal Strengths

CMS ({s=7TeV.L=51f"'{s=8TeV,L=531b"

m,, = 125.5 GeV
H—yy =
Ho ZZ
H— WW
H— 1t
H— bb
[ vo000 | [ B

. 3
Best fit 6/0,

CMS Higgs Marlow
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CMS
g Properties of New Particle

e M=1253+04+0.5 GeV

e Best-fit signal strength to combined data

9 _087+023

OSM

* Spin-parity
— Spin one ruled out by 2y decay

— Assuming S=0, one can use H—>ZZ to distinguish
between parity states

8/27/12 CMS Higgs Marlow 34



Parity from MELA

* —1
psMELA = !1 4 Po-(ma1, ma, 01, 0s, P, 0 ,<I>1|m4g)]

7307L (ml? ma, 917 92) (I)a 9*7 (I)l|m4€)

Matrix Element Likelihood Analysis: uses «
kinematic inputs to form likelihood

o CMSSimulstion  gorsuiimmis-ewioess
< 800 =
(¢b] I — .
E 700[ | | SM, 0+ =
gsoo; = JNWE E
n ool H PS, 0 1 Expected (MC) separation
© - Ii s .
g ol Hr ﬁj 1 between 0* and 0" hypotheses:
s F E :
S 300} 1 E 1.60 with current sample
O ] : i
200} =\ E 3.1c with 5+30 fb* sample
100F {ihL} g E expected by end of 2012 run
O:LU i N 0 .-.Lnr_m_l_‘j_;umJ_:
40 -30 -20 -10 O0_ 10_20 30 40 ..\ 0 .

0
S =-2xIn(L/L,)



CMS | |
'Z Scouting the Energy Frontier

General need for upgrade understood for some
time now, given excellent performance of LHC.
But ...

T

P
=

ne recent discovery has brought new focus to
ans for the near- and long-term future.

ne studies are rapidly advancing, and one can

expect significant improvements over the
snapshot to be presented.

There are, of course, other topics of interest that
can be studied at the energy frontier, but this talk
will concentrate on the Higgs.

8/27/12
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CMS
;,// Benchmark Data Sets
| Scenario | L(fbY) | E(Tev)

LHC 300 14
HL-LHC 3000 14
HE-LHC 300 33

* |In terms of parton luminosities, the higher energy
(33 TeV) is worth about a factor of two for the
creation of 100 GeV objects and a factor of 10 for

objects of mass 1 TeV
* Assume trigger and reconstruction performance
similar to what CMS currently has at 8 TeV

— Superficially conservative, but will in fact require
significant detector upgrades to offset effects of

., radiation damage ang. higher pileup .



CMS

CMS Projection

Projected Signal Strength
Precision

| | | | |

Hoyy
H—ZZ
H—> WW

Ho11 }

Expected uncertainties on
Higgs boson signal strength

| | | | | I | | | | I | | | | 1

10foat §5=7 and 8 TeV — Current

300fb" ai 5 =14 TeV F— 300 fbl@ 14 TeV

300fb" at f5 =14 TeV wio theory unc.  |—] Same W/O theory error

H—bb |

| I |
0.0
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CMS

Higgs Characterization

* Consider scenario where SM is extended through an effective-
theory approach, wherein modified couplings to vector bosons
and fermions are obtained. These are called C,, and C,,
respectively, and are nominally =1 in the SM (although
uncertainties exist).

CMS Projection 101" at f8= 7 and B Tev
S .

CMS Projection
. . -

300 ' at §5=14 TeV
51'5% ——r—r ——— 5 1157 —— 8 2 IOV
4E 68% CL C1oF W.&w.o. __
13F 959 CL - theory ’ '
12E 1.05
1.4f |
1.0F 1.001-
09F -
o8k 095
> Now | @14 TeV
- | 3 3 | 1 3 3 | 3 1 3 1 3 31 | 3 " | " M M | " " M | M M
05=—3%s 0.8 7.0 12 14 0.85 0.9 1.0 1.1
Cv Cv
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One can go a
step farther
and introduce
additional
degrees of
freedom in the
form of C, C,,
C,, Cq, and C, .

8/27/12

Higgs Characterization

CMS Projection

| | ] | | | ! I | | | | l |

Expected uncertainties on 100" al 5= 7 and 8 Tev —

Higgs boson couplings 300b"at 15 =14 TeV 1
300 fb" at §5 = 14 TeV wic theory unc. f——]

Cy : H——H |
Cv : = |
Cg : H H |
Cq | } H |
Cl : — |
! ! I ! ! ! ! ! ! ! | !
0.5 1.0 1.5
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Would like to see
example of Higgs
coupling to a 2n¢
generation
fermion.

Rate predicted by
SM is low, but
within reach.
Moreover,
enhancements are
possible in beyond
the SM scenarios.

8/27/12
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CMS
_Z Higgs Self Coupling

* Probing the Higgs potential itself is an essential piece

of the future program.

* Do this through the study of multiple Higgs
production.

* Most straightforward approach uses
gg—= HH - W W W'W™ = (*vjjlv]j
but this runs out of gas for M, < 140 GeV
* For lower My=125 GeV use

bl;y)/ Likely needs the 33
bEMM TeV machine

8/27/12 CMS Higgs Marlow

gg — HH — -
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CMS .
'Z Conclusions

* Discovery of new boson with Higgs-like
properties at 125 GeV is a major
accomplishment for the field.

 Much remains to be done to confirm (or
refute) the SM Higgs interpretation

 An upgraded LHC will play a key role in
elucidating the nature of this new particle

8/27/12 CMS Higgs Marlow
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Backup

CMS Higgs Marlow
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LHC Schedule
20fb? : Phase 1:13/14 TeV - 500fb l Phase 2:13/14 TeV - 3000fb'1:

12 LS113-14 LS2 18 (197) LS3 22-23 >30...
7 103Hz/cm? 8->13/14 TeV Injection upgrade: LHC Interaction region upgrade:
@50 ns Injection upgrade: Linac4 (HY) Triplets (lower B*)
PS batch compression  PSB-PS 1.4->2GeV Crab cavities (beam crossing leveling)
SPS scrubbing RF upgrades PS - SPS b-b compensation (lower beam loss)
aC coating SPS (?) Lpeak 103> Hz/cm?

/{Lleveled 510% Hz/cm2

® Lmrcaty *imagetss - romingd

2504

Pe—

2e3§4 Iikelyibefore LS2
; 5 o Goal is 25ns, 50ns not ruled out

o Performance projection and
schedule will likely not be well
known before restarting in 2015

2 1034

L5634

Luminosity fem £54)

Irkegrated luminosity [fb°]

103 o Leveling mitigates pile-up but

integrated luminosity could be
limited due to SEE & UFOs effects
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Jets

5. 1/fb 8 TeV CMS Prellmlnarv
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2012 analysis + improvements

5fb-l@7 TeV + 5.3 fb-1@ 8 TeV
Blinding policy:

Analysis is optimized blinding in the signal region
Do NOT look at 110 < ma4i <140 GeV, and m4 > 300 GeV

Main changes: F —
+ 10 TGS Breiiminary ] =eee" 2D Fit Expected Asym. CLs |-
New lepton ID N Fo g inZra . | S e
multivariate electron ID / PF muon ID T f=owv.L-szon" | S Expucted - 2o

New lepton PF isolation e
Final State Radiation (FSR) recover\,gL ==

§5% Cl

2D analysis: mar + KD -\ N &

- | - et
using a Matrix Element Likelihood Analysis ( M&A) M 9. N T Y
a Kinematic Discriminant (KD) is computed wigh U T —

mz1,mz2, and angles informations

10°310 200 300 400 500 600
>20% improvement @ mu = 126 GeV . raEH[gew
wrt 2011 analysis P 9

121-540 GeV
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7 TeV Mass Distribution in
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Background model is
entirely from data.

Fit to mass distribution in
each category with
polynomial functions (3
to 5t degree)
— keep bias below 20% of
fit error.

— causes some loss of
performance due to
number of parameters in
fit function.

48



CMS

> a5 - CMS Preliminary —4— Data
@ C (s = _ 1 —— S4BFit
O E te=8TeV,L=53%" | Bkg Fit Component
A 30 [J+te
~ I I +20
=~ I
o 25 BDT >=0.88
= "
2 ok
i} 20

15}

10F

51

IR N ol
900 120 140 160 180

m,, (GeV)
> [ CMS Preliminary —+— Data
® 800F s=8TeV,L=531b" S4B Fit
O E e Bkg Fit Component
— E [J+te
700 B 20
~
n 600 -0.05 <= BDT < 0.50
0
[
2 500
L

[}

1 | 1 il 1
160 180
m,, (GeV)

C_ 1 ! | 1 ! | !
) 120 140

August 27, 2012

Categories

Events / (1 GeV

Events/ (1 GeV)

160 [ CMS Preliminary —4— Data
T Ve _ -1 —— S+B Fit
E Vs=8TeV,L=53%" BI:g Filt Component
140 CJ+to
| I +20
120 % 0.71<=BDT <088
100
80
60
40 |
PR SRR NN ST S SIS R N! !
900 120 140 160 180
m,, (GeV)
9r
E CMS Preliminary —— Data
8 is=8TeV,L=531" —— S«BFit
F 7 e Bkg Fit Component
7 F [ Jtio
[ [ 20
6 BDT >= -0.05 Tight Di-jet Tag
50
af|| ||
3 i ] 1
2
1

Q00" 720" 140 160 180
m,, (GeV)

HEPAP -- CMS -- Marlow

Events/ (1 GeV)

Events/ (1 GeV)

8 TeV Mass Distribution in

- CMS Preliminary —o— Data
4001 . S4B Fit
E 's=8TeV,L=53f" Bkg Fit Component
350 [ J+io
1+ B +20
300 0.50 <= BDT < 0.71
250
200/ *
TR
150 f_ }
100F ¢
50 :
TR R R B
900 120 140 160 180
m,, (GeV)
20Fcms Preliminary —4— Data
- {s=8TeV,L=531b" S4B Fit
18 I Bkg Fit Component
C [J+ic
16 B 120
14 BDT >= -0.05 Loose Divjet Tag
12
10§
8 ih. \
N
A
i N
- \§l='~, a
41 | -ﬂllll:i;m_._“
2 u Wee oy ol Lo
: DiWiamii
900 120 140 160 180
m,, (GeV)

49



CMS

A

E T T T T I T T T | LI [ T 17T | T T T | T T T | T T T

= .
L 10 cMs Pre"minary |— Observed Asym. CLs
© HoZZ 4L o| e Expected Asym. CLs
c {s=7TeV,L=505f""| = Expected+ 1o
8 ys=8TeV,L=5.26 o Expected + 20
£ -
—
X1 .
v X
» \

\
10'1 IIIIIIIIIIIIIIIIiIIIIIIIIIIII
110 120 130 140 150 160 170 180
m,, [GeV]
1 T I T 1T T 7T I T 1T T 7T I L

T T TTITH

local p-value

el

— 2D Fit 7TeV

|
v
Illllfl

—— 2D Fit 8TeV
= 2D Fit 7+8TeV

CMS Prelim:inary
H—ZZ— 4L

(§=7TeV,L=5.0515" i/
F 8TeV,L=5.26f0""

|
IIIIIIIIIII

| gt

—
Qe
(6]

110

120 130

140 150

160

170 180
my [GeV]

20

30

4o

95% CL limit on o/cg,,

local p-value

H%ZZ Limits and p -values

N
o

CMS Prellmlnary
H—> ZZ—- 4L

L {s=7TeV,L=505f".
- ys=8TeV,L=526fb"-

] — Observed Asym CLs
B Expected Asym. CLs
s Expected + 16
........... Expected + 2¢

Lldiiil

1 b
1
1
A
101 1 1 1 1 Il 1 1 1 I Y I | 1111111l | 1111
100 200 300 400 500 600
m,, [GeV]
TE 3
107! ;_ ......................................................... | ' 1
E 20
10-2 §_ ................................... \\/ .............. . ............ _§
- - —_— i eE - 30
10 - = e = =
E = 2D Fit 7+8T:eV E
104 iy .
= I s=7TeV,L=5055" 3
N J5=8TeV,L=526 fio!” 740
10° B, '. i
100 200 300 400 500 600
my [GeV] 50



WJS2012

1000 : T T T T ll L] L] L] l[ ; :
F ratios of LHC parton luminosities: !
- 33 TeV/7TeVand33TeV /14 TeV i
L ! -
!
, i
!
o 100k 99_ S
5 F "0 Iag ;o
2> N -
= 1
O i
=
e _
5 10 E E
"""" MSTW2008NLO
1 . | raal " 1 PO T T T 1
10 100 1000 10000
Mx (GeV)
8/27/12 CMS Higgs Marlow

Parton Luminosities

W.J. Sterling
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