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o Outline

¥’ CMS’s path to the Higgs

¥ Hunting the Higgs with the 2010 data
v status of CMS searches

¥ Higgs projections
v how we can discover the (“SM”) Higgs
(or prove it doesn’t exist)
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" CMS’s path to the Higgs with the 2010 data
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i Makes event reconstruction and
- comparison with simulations much
1 easier
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CMS’s path to Higgs

CMS preliminary 2010
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CMS’s path to Higgs
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CMS’s path to Higgs
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CMS preliminary 2010

CMS’s path to Higgs
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CMS’s path to Higgs

27 A beautiful event
CMS preliminary 2010 observation observeq in data'
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Hunting the Higgs with the 2010 data
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gge—H—-=WW*—|vly

v The signature
v 2 opposite charged isolated leptons proton
¥ high missing energy g
¥ no jet activity

v The backgrounds

real or fake sources of leptons and MET: \

ttbar, tW, DY, W+jets g
irreducible: ‘proton

Ww
v Use spin correlation
P 7 o
v" No narrow mass peak can be reconstructed W- @ /® '
v" Count excess v
v cut based analysis ®/"
v multivariate approach -
(" )
Among various channels for the Standard Model Higgs searches, r— -
CMS only published Higgs to WW in di-lepton final state.
Other channels don’t have enough sensitivity with 36 pb-! of data at 7 TeV -
arXiv:1102.5429, accepted by PLB for publication — J
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Selections ag—>H—WW

v 2 OS leptons, pr > 20 GeV/c

v mi. > 12 GeVic?
v projected MET cut & Z-veto \ \{

v jet-veto & b-jet tag Bl T ~
o W, g 13 selected :
[5104 SM-WW candidates !
® data 10
[ JH(160) — WW ) '
mwWw 10
Bl Z+jets '

W (T, tW 10

I di-boson
0 WHjets 1
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Selections ag—>H—WW*

Di-boson WW v 2 OS leptons, pr > 20 GeVi/c
v min > 12 GeV/c?

selection
v projected MET cut & Z-veto ,
v jet-veto & b-jet tag 210° 1
8 I3 selected :
[5104 SM-WW candidates !
3
* data 10
JH(160) = WW ) .
mWW 10 :
Bl Z+jets '
B tt, tW 10
I di-boson
W+jets 1
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nggs AVAVAVAY) v’ optimize cuts as a function of my

I . v’ cut based approach
selection variables: my, pr,™, pr,™", Ay

v" multivariate approach
BDT
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Background estimation . _.ww+

( Irreducible WW A
V" pp—WW: data-driven

v depending on my hypothesis, my can be inverted
to obtain a signal-free region, dominated by WW

v WW extrapolated in the signal region
(cancelation of systematics in the ratio)

v ~50% uncertainty with L=36pb"!

49 7 [ T T T T T T T I T T _l T ]
g - CMS.Ns=7 TeV, Lint =36 pb .
[_E - ® data 3
6 COH(160) > WW ]
C ww 7
- Bl Z+jets .
S (T, oW =
C di-boson 1
C Wjets ]
4 — 4 —
3- —
2 =
C .
0 100 200 30C
m, [GeV/c?]

v gg—=WW: from MC

v ~50% uncertainty from PDFs, QCD
renormalization and scale
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LU

CMS;

Background estimation

gg—H—-=WW*

~

Irreducible WW

V" pp—WW: data-driven

v depending on my hypothesis, my can be inverted
to obtain a signal-free region, dominated by WW

v WW extrapolated in the signal region
(cancelation of systematics in the ratio)

v ~50% uncertainty with L=36pb"!

& [ T T T T T T T l T T T ]
= 7r CMS.s =7 TeV. L =36 pb! -
[_E - ® data .
6 COH(160) > WW
C WW ]
- Bl Z+jets .
S5F W T, tW ]
C di-boson 1
C Wjets ]
4 — L J —
3E =
2F =
C _| . . . ) . ]
0 100 200 30C
m,, [GeV/c?]

v gg—>WW: from MC

v ~50% uncertainty from PDFs, QCD
renormalization and scale

~

~

18t April 2011, Lyon, GDR

Reducible backgrounds
v" WHjets background (W+fake lepton)

v estimated from fake rate on a jet dominated
sample, systematics from jet composition in control
and signal sample

v Top background in the 0" jet bin

v estimated from MC due to lack of statistics
(100% systematic)
strategy on top-enriched sample for the future

v DY/y* background

V' extrapolation from Z peak region in the signal

~

region
Background Estimate Source
WHjets |.7£0.4(stat)+0.7(syst) data-driven
top 0.77%0.05(stat)+0.77(syst) | from MC
DY/y* 0.2+0.2(stat)+0.3(syst) data-driven
others 0.62+0.07(stat) from MC

J
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Systematics

gg—H—-=WW*

—_—>

Dominating uncertainties:
luminosity, jet veto

—>

Jet Veto

v estimate from data as a ratio:

~
SElCe Relative uncertainty
(%)
Luminosity 1
Trigger € |5
Muon € 1.9
Electron € 2 4
Momentum scale | 4
MET 10
Jet veto € 6.9
PDF 30
J
~
60
55
50

¥ the most delicate ingredient of the analysis

EdataH—>WW — EMCH—>WW (EdataZ/EMCZ)

- ratio €MH_ww/EMCzis known theoretically
- experimental uncertainties cancel out
v Estimate of uncertainties using different generators

Cross Section (after Jet Veto) [pb]

Reweighted Powheg Band

NNLO Band

| \
40 60 80

Gendet Veto Threshold [GeV/c] )

18t April 2011, Lyon, GDR

Roberto Salerno

16



Event yields

gg—H—-=WW*

Cut based analysis 835 Esha- T et ] )
> a ® data ]
Mass (GeV/c?)| SM Higgs 4th Gen Background | DATA = 3_ :"}»'f_\}/io_HW E
130 032001 | 1.73£004 | 1.67£0.10 | 2L S i
2 [ 3 [} -
160 .23 + 0.02 10.35+0.16 | 091 £0.05 0 152_ E
200 047 £ 0.01 | 3.94+007 | 1.47 +0.09 0 £ O I
250 026 +001 | 1.98+004 | 1.64+008 | osk A\
::'_.:-‘_‘- o i::—:'pj:i
0 50 100'A' 150 |
SM case: my=160 GeV/c? $, degrocs]
A one of the 4 selection variables
. . L L B L S B L B )
Boosted decision tree R LT
Mass (GeV/c?)[ SM Higgs 4th Gen Background | DATA g | ';'%3?&’0HWW
5 - -Z_+jets
130 034+£001 | 1.98+0.04 | 1.32+0.18 | a1 Sibor
160 1.47 £0.02 | 1231 £0.17 | 092+0.10 0 K
200 0.57 £ 0.0l 4.76 £ 0.07 .47 + 0.07 0 10" 4
250 0.30 £ 0.01 2.30 £ 0.04 .67 £0.10 0
MVA gives roughly ~20% better sensitivity 10_2-1 d4 02 0 02 04 06
BDT Output
4th Gen. case: my=200 GeV/c?
BDT output
v,
Roberto Salerno 17
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B Result
€SUItS gg—>H—>WW*
SZO_L T T T T T T T T T T T T | T T T T 1 T T T _1 /-% —| I I (I:MISI I\/LI I7ITeIVILIl | I I36 |blll | | | _I
& qf CMS, \F—7TeVL —36pb 1@ ’ =-0P .
: :_ _: ~ - upper limit, Observed y
S 160 EEES o, BR(H->WW —2D2v),SM ] El 02 W_ O 1 EEEE B ;EV; s
= F sgee 6, - BRH > WW — 212v), SM4 | o) = Teg—tt” WA E
14 - upper limit, observed _ :/ C e upper limit, Expected * 1o .
T - s upper limit, expected £ 16 . é I B upper limit, Expected + 20 ]
B 12 e upper limit, expected + 26 — ,j
Z 10 .
g 3 - 10
= 6 -
aa 42_ ........ ]
o A v ]
2, e . |
q;m ..... i =
00 200 300 400 500 600 120 14b 160 180 200! 220 240

Higgs boson mass [GeV/c’] Higgs boson mass [GeV/c?]

v Not yet sensitivity to SM Higgs (factor 2.1 @ mn =160 GeV/c?)
v In a 4*" generation model with infinite quark masses (conservative),

Higgs mass excluded in the range [144-207] GeV/c? at 95% C.L.
v Competitive with TeVatron limits (mn = [131-204] GeV/c? with 4.8+5.4 fb-')
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= gg— (bb)(p—TT

Looking beyond the Standard Model the Higgs sector becomes much richer
v in the MSSM 2 doublet of Higgs fields — 5 physical Higgs bosons
h,H,A,H*,H"

v couplings of Higgs to down-type quarks enhanced at high tanf8
cross-section increases and BR(¢p—17) are enhanced by (tanf3)?

( g )

v’ Search for gg—@(bb)—1t 6

b/ty @ o————---
= h,H,A masses are degenerate depending on regime /*
g b/t T+

+ associated bby production

v Three decay channels considered:
v (bb)=TT— u+Th (Th=hadronic decay)
v (bb)>TT—e+Th (Th=hadronic decay)
v (bb)>TT—ety

J
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—TT
selection

Selection o5 (bb)—>TT

v close to WW electron and muon selections

v’ particle flow based electron and muon isolations
v identified taus

v M_(e/y,MET)

Roberto Salerno 20
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CMS;

L—TT
selection

Higgs TT
selection

18t April 2011, Lyon, GDR

Selection og—>p(bb)—>TT

v close to WW electron and muon selections

v’ particle flow based electron and muon isolations
v identified taus
v M_(e/y,MET)

v¥" SVFIT mass: likelihood fit of tau momenta

Roberto Salerno 21
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T identification (HPS) gg—((bb)—1T

CMS Preliminary 2010,\'s=7 TeV, 36 pb" - ~
| | | | 1 | A decay mode algorithm
0 PTDR, W+jet ]

¥’ High performance of T identification (ID)

- O PTDR, QCD O } . : .

. _= TaNC, W+jer o | | using the hadron plus strips algorithm (HPS)

| --e--TaNC, QCDu | | ¥" HPS reconstructs the individual resonances
—%- HPS, W+jet of the T decays, based on Particle Flow

~.e--HPS, QCDu
v’ The jet fake rate is 1% while achieving an

Measured t fake rate from jets

21 ]
10 - 1 | efficiency of 50%
i I _J
- . hadron hadron + strip  hadrons
I o’ ]
Ae/
1073 | | | | ’/
0.1 0.2 0.3 0.4 0.5 0.6 i

Expected efficiency

Fake rate: dijets pr>15 GeV/c, tau pr>15 GeV/c (data)
Signal Efficiency: visible taus pr>15 GeV/c (Z—11 MC)
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TT MAsS reconstruction g (bb)—rr

3 _ | cMms simulation v
0'222_ ®(160)—tt tanp=30 Visible mass
0.2 i* \s=7TeV [ Visible mass x 1.88
f ) 0.18?
0.16;*
v Likelihood fit of momenta of visible decay products and o.1a)- L
of neutrinos produced in T decays (SVFIT) e
v Improvement in resolution w.r.t. previous techniques joud
and not events loss due to unphysical solution 0.08)-
) 0.02 j
- %55 foo 750 200 250 500
mass [GeV/c?]
N0220:||||III||11|||||III||||11||||||IIII: NOZOO_IIIIIIIIIIIIIIIIII||||||||||IIII|||||_ NO 60_|IIIIII|||||||IIIIIIIIIIIlIIIIlIIII_
% 200 *+ DATA = % 180F } *+ DATA = % I + DATA ]
- ®(120) - 7 7] - ®(120) - 7 7] o ®(120 .
© 180 Sizoee 5 Oeo- Sz ] O % Dzoen
g 1601 [ W+jets - 8 1 403_ [ Z+jets = g r [ Electroweak |
N 140F B tewk § N B tewk ] N 40¢ I =
> 1 05 B acb 1 % 120 B aco 1% - I Fakes y
= 120 4 < C 1 2 C ]
§ 100F- E § 100 E § 30 CMS 2010 =
F ] — CMS 2010 - L L =36 b"" =7 TeV ]
- 80 CMS 2010 = - 80; Lin=36pb",Ns=7TeV ] t 20 " PbNs =7Te A
60F Lix=36pb'\s=7Tev ] 60 - § .
40} 1 o ERERIUS ]
20F = 20F - - .
- ¢ TN L 3 - R,
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 40C 0 50 100 150 200 250 300 350 400
M(t*1)[GeV/c?] M(t*1)[GeV/c?] M(t*1)[GeV/c?]
TT—U+Th TT—e+Th TT—et|
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(bb)(p—TT cross section limit g—qb) -

@: Sum of (pseudo-scalar + scalar) Higgs of about same mass

! CMS Preliminary,\N's =7 TeV, L = 36 pb™

) v \J d ]
. CMS Preliminary [ R e e
2 36 pb' 7 TeV L% Taoed™]
=2 95% C.L. upper bounds @ o —moned
+ 100 — Observed o | —=
i ------ Median expected é i
< W 1o expected range { = 1o} ; -
0 20 expectedrange | ¢ | ’ %
X S | )
10 51” ..... Py
100 200 300 400 500
m(A) [GeV/c?]
- The expected 95% C.L. upper
K limits on O x Br for each final

1k,
100

state P+Th, et+Th,e+ and in

460 ' 500 combination

300
m, (GeVic?)

The observed and the expected 95% C.L. upper limit on ¢ x BR computed
for different mass hypotheses ma

200

No evidence for signal, observed limit agrees with expected sensitivity
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v" 95% C.L. upper limit on 0 x BR converted into limit on MSSM Parameter tanp vs. ma

Limit on tanf3 vs. ma
CMS Preliminary 36 pb' 7 TeV

' d

~ == CMS excluded

TN O LS +10 theory
T2 CMS expected
N LEP excluded n
mmmw Tevatron excluded
B MSSM m** scenario, M, =1 TeV -
95% C.L. excluded regions
| 2 2 | 2 2 | 2 2 2 | 2 2 2
100 150 200 250 300

m, (GeV/c?)

¥" CMS limit more stringent than TeVatron limit over whole mass range

18t April 2011, Lyon, GDR

gg—@(bb)—1T
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t—H"—1"bv
Charged MSSM Higgs bosons may contribute to ttbar decays

-----
‘‘‘‘‘‘
- ~

Substitute H* for W+ in
ttbar decays to T

-
v" Two di-lepton channels considered: eT and P

v Backgrounds in two categories:
v Fake hadronic T: use fake rate method to estimate from data
¥ Real hadronic T: use simulation to estimate background

J Selection as for ttbar cross section measurement

¥ One electron (muon) with pt > 30 (20) GeV/c
v Hadronic 7 with pt > 20 GeV/c, HPS identification
v At least two jets pt > 30 GeV/c

v MET > 40 GeV

‘ _ _J
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3,
=

t—=H"—1"bv

- | | I [ | ] 3 1T I TTTT | TTTT I TTTT I TTTT [ TTTT I TTTT TTTT TTTT T
- . HPS | iso ] B -
CMS Prelminary - 00881501 i-—'\ 100 —e— Observed 95% CL Limit -
e 1 05 5= 7)Tpev o HW, M =120 GoVIc? +j: | —=— Expected Limits (mean with *16 band) |
- —acp § 0 B n
B zsjers _ T 80 B CMS Preliminary ]
‘o . B L=36pb’ .
\ B v £ [ Lo ]
1 0 - single top = % - HPS ( ) ]
- = - Loose )
= " 7] 60 u Bayesian |

dibosons

10° E 40 B B
10? . 201~ i
0 _I 11 | 1111 | 111 | 111 | L1l | 1111 I 1111 | 1111 | 111 | || I_

oy et~ 2dets MET S T Os 80 90 100110120 130 140150 160,
Step m,,. [GeV/c]

No signal observed

v’ Set 95% C.L on BR (t—H"b) assuming BR(H*—1*v)=1
v Limit ~0.25-0.30 for 80 GeV/c? < mp+ < 140 GeV/c?
v Limits comparable with TeVatron
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Higgs projections

Z/
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oo Higgs projections

v’ Used state of the art cross-sections
v signal NNLO for gg, NLO for VBEVH
v background processes at NLO

v’ Full GEANT based detector simulation

v Simple cut-based analysis, mostly counting events:
v no SHAPE analysis used (can improve sensitivity by ~(20-100)%)

v Validation from 2010 data:
v excellent agreement between data and detector simulation
v detector performance close to design in most cases
v measured production rates of background processes in good agreement with
expectations (5-30 % uncertainties)
v In general, analyses with data more sensitive than the simulation based
studies used in the projections...and will continue to improve!
v as CDF & DO have already shown

Projections are indicative not predictive !
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SM-Higgs Exclusions: | fb"! @ 7 TeV

a possible 201 | scenario

! ! ! E

CMS Preliminary: bct 2010
Projected 95% CL Limit on o/cy,,

- = Combined — WW(2I2v)+0j
1fb” @ 7 TeV - Y - - - WW(212v)+1j
——— V(bb)-boosted - VBF(WW) - 2I2v
VOV JOUURS SRR JONR TR JONE JHAR O S O VBF(11) — 774
E L A W(WW)— IvIVjj (SS) --- ZZ— 212v
- =- = Z(WW)-> (ID(V)G) o ZZ—> 212b

-
o
w

3

—

o
! LI
i‘

.............
RTINS TT L :

P mwmp e mme S ris
SRR R TTT, g
- -

95% CL Limit on o/cg,

H -"'
: -
I .
- :
-

: 200 i 300 400 500 600
: ‘Higgs mass, m: [GeV/c?]
WW—|vlv

X% : E : E
ZZ -1l _
ZZ—lvy BENERREERERN
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.~ SM-Higgs Exclusions: | fb-' @ 7 TeV

a possible 201 | scenario

T T T T

CMS Preliminary: Oct 2010
Projected 95% CL Limit on o/cg,,

3
10° | :
- -1 Combined WW(212v)+0j
- 1@ 7 TeV WW(212v)+1j
i V(bb)-boosted VBF(WW) - 2I12v
O S : : VBF({[) 27— 4l
102 ; M ZZ— 212v

mu 115=-135 GeV/c2 275 212b
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SM-Higgs Exclusions: | fb' @ 7 TeV

a possible 201 | scenario

I | I I

CMS Preliminary: Oct 2010
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SM-Higgs Exclusions: | fb"! @ 7 TeV

a possible 201 | scenario
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CMS Preliminary: Qct 2010
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. SM-Higgs Exclusions: | fb"! @ 7 TeV

a possible 201 | scenario
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SM-Higgs Exclusions: | fb"! @ 7 TeV

a possible 201 | scenario

I ! =

CMS Preliminary: Oct 2010
Projected 95% CL Limit on 6/c,,
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Significance of Observation 5 fb-! @ 7 TeV

16 ! ! ! -
3 CMS Prellmlnary Oct 2010
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SM-Higgs Sensitivity 1/2/5/10 fb-! @ 7 TeV
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Conclusion

v The CMS experiment has revisited the Standard Model in a new regime at record centre-of-mass energy
of 7 TeV for p-p collisions

v" A solid ground has been established, with EWK boson candles, first di-bosons, di-top and single top
measurements, on the route towards the Higgs boson(s)

v" A SM-Higgs boson with mass in 144-207 GeV/c? range in an extension of the Standard Model with
4-fermion generations is excluded

v New territories are being explored for extending Higgs sector (e.g. from mSUSY theories)

v An exclusion of the SM-Higgs is possible at the 95% CL for and integrated luminosity of 1fb-! for
masses between 135-450 GeV/c?2

v A 50 discovery for the SM-Higgs bosons is possible for integrated luminosity of 10 fb=! and masses
above 130 GeV/c?

v Very low masses 1 15 < My < 130 GeV/c? will require the highest integrated luminosity and relay for
a discovery mostly on H in 2 gamma and H in ZZ" (+possibly boosted Higgs in bb)

Very exciting physics in the years to come at the LHC
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o Higgs boson(s) spectrum

v’ Standard Model:

| doublet of Higgs fields — | physical Higgs boson
CP-even H

% What is good about it?

v exact unitary cancellation (W_W. scattering)

V' coherent solution for origin of EWK masses

v nature tends to be economic: only one additional particle

v model makes very precise predictions: decay kinematics, couplings, cross section...
v direct search or indirect constraints (via radiative corrections)

% What is not good about it?
v Higgs boson mass and fermion masses are not predicted by the theory

v Higgs boson mass is sensitive of radiative corrections (unstable)
v Standard Model still unsatisfactory

v" Minimal Supersymmetric Standard Model:

2 doublet of Higgs fields (effective 2HDM model) — 5 physical Higgs bosons
2CP-even: h,H |Pseudoscalar:A 2Charged: H*,H"

At tree level the Higgs sector in mSUSY is determined by two parameters
e.g. Ma and tanf

Including radiative corrections in mSUSY: M, < 140 GeV/c?
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Precise predictions for 0 depend on good knowledge of
BOTH parton distributions and partonic cross section
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SM-Higgs decay modes

-
Low mass regime:

mu < 140 GeV/c?
\/H—>bb

v associated production,VBF

v H-1T
v VBF

v H-YxY

v extremely low B.R.

_/

mu > 130 GeV/c?
v H-WW

v no mass peak

v H-ZZ

v discovery channel

é . . .
Intermediate-High mass regime:

~\

J
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Search for SM- nggs

Status as of March 2011

s

95% confidence level

Excluded by Excluded by Excluded by
LEP Experiments Tevatron Indirect Measurements
95% confidence level Experiments 95% confidence level

173 180185 2(0 GeV/c?

100 114 120 140

Tevatron Run II Preliminary, L<82fb’

l.. | R
Tevatron
i Exclusmn L
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Tevatron Run II Preliminary, L < 8.2 fb!
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- 99.5% CL — 90% CL
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()(0 FI
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W

95% CL Limit/SM

4

[E—

1 March 5, 2011

........... 1 R R NSRRI AT TN TR BRI | R R
i b 10 130 140 150 160 170 180 190 200
March 7, 2011

. Ma my, (GeV/c?)

130 140 150 160 170 180 190 200 TeVatron excludes SM-Higgs at 99.5% CL
m,, (GeV/c’) for 162 < mu < 166 GeV/c2
v TeVatron excludes SM- -Higgs at 95% CL for 158 < mu < 173 GeV/c?

v Sensitive to exclude SM-Higgs at 95% CL for 153 < mp < 179 GeV/c?
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Summary

36 pb! at s =7 TeV

CMS preliminary
|

lumi. uncertainty: +4% |
aoxB(W) o 0.988 + 0.009,,,+0.050
oxB(W") il 0.982+0.017,,,+ 0. 047,
aoxB(W) 0.993 + 0. (}1".?3'@,‘Fl + 0. 054
oxB(Z) 1.003+0.010,,+ 0. []4?
oxB(Z—11) el 1.029 +£0.097 _,, + 0. 043
oxB(Wy) ¥ . g 1.121+0.177,,+ 0.077,
oxB(Zy) ! fi ' 0.969 + 0.121.. +0.042,,
oxB(WW) , | . 0.956 + 0. 381m +0. 00?
oxB(tl) I+jets H . o 1.055 + 0.236,,, + 0. 079,
oxB(tl) I+jets+b-tag . 3 0.915+0.117 ,, + 0. 079
oxB(tf) dilepton . s . 1.014 +0.138,, + 0. 079,
oxB(ti) = . - 0.963 +0.115_. +0.079,,
oxB(t) | . 1342+ 0478 +0. 039
Rz e 0.981+0.018,,,+0.015,,
Ry, el 0994+0013m 10035
Z —Uu o , . ,1.208 £ 0.280,, + 0.021,,
Z.—eeq d , 0.992+0.199,, + 0. 020
W, —uv o e 0.833+0.088,,, + 0. 01?
Wiy~ ev . : 0.894 +0.097,,, + 0. 01?
sin®0,, el 0.989 + 0.037 _,, = 0.001,,
M,,/World Average ey 1.014 £0.038 ,, + 0. 006
Zy i il Zoo: L l e 1.000 + 0.272_ + 0. 185
Zy s eolZier | , . - 1.059 + 0.281m +0.167,
0.5 1 1.5 2
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After WWV selection

| 3 selected SM-WWV candidates
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Variables used in the cut based selection
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TT event Yields
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gg—~>(bb)—17
Process U, e, eu
Z — 1T 320+77 190+ 44 8845
tt 6+3 2613 71+£13
Z — U, jet — 1, 64+24 15+x6.2
Z—= Ul =T, 13.3+3.6 119+28
W — v 5494+48 30.6+3.1
W — v 147+13 7.0+£07 39+12
QCD 132+14 181 +£23
WW/WZ/ZZ 16+£08 08+04 3.0+£04
Total 558 =79 54657 102+5
Observed 540 517 101
Signal Efficiency (m4 = 120 GeV/c?) 0.0253 0.0156 0.00561
|
||||||||||||||||||||||||II|IIII: N0200:|||||||||||lll||||||||||lll|||||||ll|: NO 60_|III||||||||l||||||1||||||ll|||||||_
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TT—M+Th TT—e+Th TT—e+

Roberto Salerno 46



4FS VS SFS ‘gg%(p(bb)%’[’[

§ T T T T T T T T T T T T T T i §
%1 02k s=7 TeV _ ‘g”
1o E MSTW2008 18
0% | u=(2m +M,)/4 :
- I . o(bbA): Theoretical Uncertainties
/////: bb— A (NNLO) 4FS calculation 5FS calculation
10 = &\\N gg— bbA (NLO) E My (GeV) | scale | PDF+as | M4 (GeV) | scale | PDF+a
C ] 100 24% - 100 5% 3%
B ~ 7 300 24% - 300 2% 6%
i ] 500 26% - 500 2% 8%
i 1000 30% - 1000 1% 2%
e
i | | | | | | | | | | | | | | | | | .
100 200 300 400 500
M, [GeV]

Comparison of the 4-flavour NLO and 5-flavour NNLO bbHiggs cross section for a
pseudo-scalar Higgs.
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gg—>@(bb)—11

Table 16: Nuisance parameters entering the likelihood for the cross section fit, for the various
channels and mass reconstruction algorithms. The following notations have been used for the
probability distributions: G(u, o) for Gaussian, I'(y, 8) for Gamma and Ln(median, ) for Log-

normal
Parameter Channels | Distribution Output
Luminosity all Ln(1.0,1.11) 0.99%015
N, all Ln(0.96,1.04) | 0.957+90%
Tau id. efficiency et, uT Ln(1.0,1.23) 0.917 006>
Elecron id. efficiency etT, ey Ln(0.968,1.036) 0.971f8:8§§
Elecron trigg. efficiency et Ln(0.959,1.02) | 0.9617591
Muon efficiency uT, e Ln(0.963,1.005) | 0.963 0503
Electron energy scale et, ey G(0,1) ~0.1755
Hadronic tau energy scale etT, uT G(0,1) +0.319¢
Non-tau jet energy scale all (SVfit) | G(0,1) —0.2757
Unclusteded candidates energy scale | all (SVfit) | G(0,1) —0.11”8:2
QCD background ut I'(107,1.45) 148713
W background ks r(132,0.52) 661%
Z — up, p — T background utT I(13.4,0.98) 111733
Z — up, jet— T background T I'(7.1,0.90) 5222
t HT Ln(6,1.5) 46155
di-boson uT Ln(1.6,1.5) 13407
QCD background et (61.9,2.92) 214*18
W background et I'(90.3,0.42) 384
Z — ee, e — T background et Ln(109.3,1.26) | 80"{2
Z — ee, jet— T background et r(5.9,2.6) 14fg
tf and di-boson background et Ln(3.4,1.5) 3.1775
QCD, W and Z — ¢¢ background ey Ln(3.9,1.31) 3.6%5s
tf background ep Ln(7.1,1.18) 6.9712
Di-boson background ep Ln(3.0,1.13) 3-0f8j§
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v’ Extend Standard Model adding scalar triplet: ®*£,d* @0 q v
0 (I)++ +

v’ Triplet Yukawa couplings are responsible for neutrino masses Zhy <IJ
.......... I

v’ Consider model where BR(®** — 11)=100% ? <
q I

v’ Final states with three or four isolated leptons
(earlier multi-lepton search)

2 . —— Pair-production (NLO)
. . .. ) 5 R & [T Pair-production (LO)
v Look for resonance peaks in dilepton mass distributions 1 2 psocitd producton (NLO)
| peesees Associated production (LO)
v BRs for a different |l; pairs depend on the neutrino mass | NG E—
hierarchy and phase 0 R N He ooy S ool A
R — ||

200

Normal Hierarchy / Inverse Hierarchy / Degenerate State

100 120 140 160 180
Mass of & in GeV
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Limit pp—(*

- Excluded by Tevatron or LEP

> 10 CMS Preliminary 2010 CMS Preliminary 2010 ¢ CMS\s=7Tev f L=36 pb’"
O E \s=7TeV L=36pb" EWK
Z | BR(@->u'1t*) =100% BR(®*® e*e*)=100%
=z i .tt+jets
1 . BR(®™® e*u*)=100%
- . o= @ 110 Ge BR(®™® u*u*)=100%
10_1:_ BR(®™® e*t*)=100%
- L _ | BR(®™® u*r*)=100%
- J BR(®"® t"t*)=100%
10'25—
s l BP1: normal hierarchy ¢
B BP2: inverse hierachy ¢
10°
= BP3: degenerate masses ¢
:I 111 I 111 | L1 1 | L1 | | | 111 | L1 I | I 111 I | | 111 BP4' equal branChIngs | | | ‘ | |
20 40 60 80 100 120 140 160 180 200 220 240 — 80 100 120 140 160
Same sign dilepton mass in GeV Mass of ®** in GeV
Example for p*7* final state No peak observed — set limit extending
(one of many considered) reach of previous experiments
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SM-Higgs Exclusions: 5 fb"! @ 7 TeV

mu 1 15-600 GeV/c2

10° ! exclusion
CMS Prellmlnary Oct 2010 over all mass range
F Projected 95% CL Limit on O'/GSM .
© = — L Ww22v)+0)
S 10° = 5@ 7 TeV %ombmed wwzzlzz;:d
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- 10 R e Z(WW) (ID(V)(Q) e 22 212D
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§9 WW-hly :
o 14 4 : : : = 5
T s nn sy ¥ 111111
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/-
Comparison of ATLAS PCL with the three methods in PDG

4 e rrrrrreetraery  ATLAS PCL re-opens
I Power—Constrained Upper Limits (ATLAS Ma‘thod)__,.--""-:: discussion on use of

</ diagonal line along with ad
hoc constraint, out of

1 favor for many years, not
1 recommended by CMS SC.

e Unconstrained Upper Limits

I CLs Upper Limits (or Bayes with flat prior) - -

) p— Feldman—Cousins Intervals

:_ Nominal Confidence Level = 95%

ind
o

1 CMS and ATLAS SC’s are
] reviewing arguments and
{ what has been learned in
] 25+ years. Academic

1 statisticians have

] commented as well.

True Mean u
[

-
o
L

os [ 1 Just tip of iceberg:
: o 4 Poisson example brings in
oleeed oyttt uateea 1451 other issues. Nuisance
< 1o mb_:f'ﬁ 0 _;1 e 0 88112 parameters yet more.
e Measured Mean X Choice of test statistic
(Atlas unconstrained U.L. is zero, not null, for x < -1.64) varies. 2
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