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Introduction




Di-tau key-observables

® Visible di-T mass
p Simplest My estimator

» Robust, but ~poor resolution CMS Simulation Vs = 8 TeV ue
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Di-tau key-observables

® Visible di-T mass
» Simplest My estimator
» Robust, but ~poor resolution

® Di-T boost (© extra jets)
p Jets = production mechanism

p Boost = better mass resolution
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Di-tau key-observables

® Visible di-T mass
» Simplest My estimator
» Robust, but ~poor resolution

® Di-T boost (© extra jets)
p Jets = production mechanism

p Boost = better mass resolution

® Collinear Approximation
» Motivates topological cuts on Ex™iss
p Superseeded as “mass estimator”

® Full di-tau mass (aka “SVfit")...
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The SVﬁt Mass HEP 06 (2013) 081

® Dynamical Likelihood estimator
» Marginalization of unobserved neutrinos d.o.f.

» Constraints from theory (tau decay kinematics) and experiment (ET™'ss)

» Works for all tau decay modes
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The SVﬁt Mass HEP 06 (2013) 081

® Dynamical Likelihood estimator
» Marginalization of unobserved neutrinos d.o.f.

» Constraints from theory (tau decay kinematics) and experiment (ET™'ss)

» Works for all tau decay modes
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The SVﬁt Mass HEP 06 (2013) 081

® Dynamical Likelihood estimator
» Marginalization of unobserved neutrinos d.o.f.

» Constraints from theory (tau decay kinematics) and experiment (ET™'ss)
» Works for all tau decay modes

CMS Simulation 2012 “uTh CMS Simulation 2012 T

=' 0.2: 0‘16.. rh
O 18 - Z 1T 0.14:_ - AR 4
0.16/ —— H-s 1t (m_ =125GeV) ok —— H— 1t (m =125GeV)
0.1a}- E
- o o 0.1
012f visible mass : SVfit
0.1 0.08:
0.08/— 0_05;
0.06 S
. 0.04j
0.02 0.02[
% 50 T B T R, S— % 50 100 150 200 250
m,,, [GeV] m.. [GeV]
' vmass resolution Y ZH
= g/M =< 20% separation

10

Thursday, July 25, 13



The SVﬁt Mass HEP 06 (2013) 081

® Dynamical Likelihood estimator
» Marginalization of unobserved neutrinos d.o.f.

» Constraints from theory (tau decay kinematics) and experiment (ET™'ss)
» Works for all tau decay modes
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Searches:
gg,qq * H > TT

(24.3 fb!, 7+8 TeV)

PAS HIG-13-004




Decay modes

® Search for @ — TT is several decay modes

» Not merged
p Results statistically combined to maximise sensitivity
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Decay modes

® Search for @ — TT is several decay modes

» Not merged
p Results statistically combined to maximise sensitivity

, UT

e Medium BR’s
* Good efficiency
* Good purity

_eT
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Decay modes

® Search for @ — TT is several decay modes

» Not merged
p Results statistically combined to maximise sensitivity

, UT

e Medium BR’s
* Good efficiency
* Good purity
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* Small BR’s
el e Large efficiency
 High purity
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Decay modes

® Search for @ — TT is several decay modes

» Not merged
p Results statistically combined to maximise sensitivity

, UT

e Medium BR’s
* Good efficiency
* Good purity

 Large BR’s
 Small efficiency
* Modest purity

_eT

e Small BR’s
* Large efficiency
 High purity
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UT: overview

CMS Preliminary, (s = 8 TeV, L = 19.4 fb |
lllll ll'lll'll'lll'lllllllllllll'll. ‘y

- u,‘t —e— observed
) h CJZ-omw

H+T
L1 Mu

HLT IsoMu PFTau

discr. against Z— U

H:pr>17-20, |n|<2.1}

T: p7>20,

5% bkg. uncertainty

Main backgrounds:
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el: overview

CMS Preliminary, /s =8 TeV, L = 19.4 fb™
e+

L— ' ' —— tl)bsen;ed o
L1 Mu Ele bk
HLT Mu_Ele = g, ucerany

[ Z-wr
p: pr>20(10), [n|<2.1{

e:pr>10(20), |n|<2.3|

D¢ > -20

Main backgrounds: QCD TOp Di-boson
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UU: overview

| o7 «CMS Preliminary 2012, (s = 8 TeV, L = 18.7 "
H | | | | ) | J | l | | | | | | |
»i

LU L —— Obslerved { I'l + |'l
i L1 Double Mu
e 1] HLT DoubleMu

Ly pr>20(10), [n[<2.1

:pr>10(20), [n|<2.1

BDT discriminant

| 70 05 00 05 10 % against Z— U
; S— ]y W T

Main backgrounds: Z— U U Top Di-boson
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TT: overview

CMS Preliminary, (s =8 TeV, L = 19.4 fb™
i 1 | | L l L} | L ) L J l L) | L} ' | 1 |
- TT —e— observed

h"h )z

T+T
L1 tau

5 bkg. uncertainty

M..<100 GeV/c®

T:pr>45,  |n|<2.3
T: pr>45, In<2.3 ¢

Transverse Boost™
pt>110-140

P PR T T T —— -
0 50 100 150 200
Leading Tau p_ (GeV/c) &

Main backgrounds: QCD WH+jets

* only in analysis
20 cat. See later
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Event Categories

0-jet

2-jets™
(VBF enhanced)

1-jet™

Sideband v resolution

° ij>500 GeV
* |[AN;|>3.5
. CJV

o €6pmd) . . Jresolution
ngh T PT: Sideband J purity

° ij>250 GeV
* |An;[>2.5

* PrTT>140 GeV
. CJV

TT-specific: *PrTT>110 GeV

* pr>30 GeV, anti-PU jet id

21
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Main backgrounds estimation

W+jets

Kinematics: Z—UHU data Kinematics: MC
[muons replaced with MC taus]

Normalization: high-Mr sideband

Normalization: Z— U H yield in
same data set

Kinematics and normalization:

Kinematics: MC * Same-sign sideband, or

Normalization: sideband (b-tags) * Fake-rate method

22

Thursday, July 25, 13



Mass spectra

UT, 2-jet eT, 1-jet TT, 1-jet

CMS Preliminary, Vs =7-8 TeV, L=243fb", H - t 1 0 CMS Preliminary, {s=7-8 TeV,L=243fb" H - tt CMS Preliminary,{s=8TeV,L=19.4fb", H - tt

s‘ 50 E . s N . § = ¥ -:--.'“ g\H;12'5 G'ev)' o T 1 3 : LA B L N B -:--.l.. SIXH'(“Z'S c;'ev')_,gr ™ 30 : LA B L B B .i-.-l-- :.‘H'Hzr: t;v) ')"l T 1
8 4.5 FH -l el - €Ty, —e— observed - Th'h —o— obsoved
= 2 i  I— 2 C 11 i Ztt [~ ; -

=, 4of2let(VBF) g ecronesk 25 -1 jet, highp T 2o 25F2jet (VBF) 32+
e - A — ) B clectroweak i
£ 35 3 & C—Jceco - i -
] - bkg. uncertainty 20 20
% 3.0 3 - :
25F "3 15 1.5 -
20F +
: E 10 10 |
15F - : :
3 5 5F 05 [
05F o P -

0‘0 : s s 4 l ' s 0 " 0‘0 " 2
0 100 200 300 0 100 200 300 0
m.. [GeV] m.. [GeV]

...and many more!
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Systematic uncertainties

systematics |relative ® Over-constrained
e system

T ID+t 8% |
rigger » Mostly from O-jet category

ey e - > Fit for nuisances. E.g

jet energy 2-5% norm. +(1-6)%

scale . ) L
+(5-20)% s ———tsI———

) ?
T- + %0 T s |
Earre I T ESEE B ©0%8.0% + (5% 2%
|y T (0.0%30)%— (-10 £16)% |
Qo | - | norm. | xe35% | I
| TES: (0.043.0)% (-0.8%0. 0.2)% 1
Wiets/ [T - £(10-30)% | Mo e ]
fakes s .
Th. unc. norm. +4%
.-
+(10-30)%
e | [P | = N.B. can't take them as

real measurements
(large correlations!!!)
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Results: CL upper limits

® Exclusion limits
» Broad excess makes the exclusion weaker than expected

p Consistency improves under sighal+background hypothesis

4.0 CMS Preliminary, {s=7-8 TeV,L=243fb" H—- 11 4.0 CMS Preliminary, {s=7-8 TeV,L=243fb" H—- 11
2 e 1 | | | 1 I | 1 | 1 l | | | | 1 ' 1 z - 1 L] | | 1 I | | | | | | 1 ' | | 1 | | | I | | 1
b‘” —e— observed ' ' b‘ﬂ —e— observed ~ :

© 3.5 expected B H(125 GeV) injected |

c ] * 1o expected c [ + 1o H(125 GeV) injected

,3 3.0 + 20 expected g £ 26 H(125 GeV) injected

£ £ :

_ _

@) @)

N <

0 Yo}

o »

110 120 130 140
m, [GeV]

25

Thursday, July 25, 13



Results: ML fit to strength modifier

® Anatomy of the excess
p Consistent among categories / channels

CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™, Ho1t CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™, Ho1t
1 l | | . ] I L] 1 1 l 1 l | . L l | 1 1 l
m, =125GeV |[: m, =125GeV |[:
: —e LLLL
—.— 1-Jet :
- TS 1 el
° Th'h
——— 2-Jet (VBF)
: ® . eTh
¢ - VHo 1T+l . . . ut,
: *® ' VH-11t+l
—— Combined : Combined
: '_r_‘ ompine
l 1 ; | l | 1 | I 1 l 1 ; | l | | ! | l
0 2 4 0 2 4
best fit for ol Csm best fit for 6/Cgp

= = = = - _

== — —=———— - = _——— e — =

l (SM)—I 1 £ 0.4 atMH— 125 GeV {i

|

pa—— = == — R =
—

- o= — — = ==
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Results: significance of the excess

® Probability for a background fluctuation
» Minimum p-value of 2.930 at My =120 GeV

p Measured p-value of 2.850 at My =125.8 GeV (expected from SM: 2.60)

CMS Preliminary, Ys=7-8 TeV,L=24.3fb" H— 1t

C 2o
C—«

50 : B olectroweak :
-7 E, ; 200 |- /) aco -
L1 .1 l L1 .1 l L1 1 4 l L1 0 ’ PR h .

10°8
110 120 130 140 0 100 200 300

m, [GeV] m., [GeV]

27

o 1 E T I l T l .5
= 1
Q] . 2 § ; Y
Q — |
—_— 20 CMS Preliminary, Vs = 7-8- 209
8 10'2 ............................................ ; . ] T T T | T | — i
o T e R 8 L ey, et,ut, 1,71,
10 =
. i -
€ 800}
10 < i
Z i
‘ | | 4o T 600
10 —e— p-value observed ° T
E i EZ77] H(125GeV)» 1t ]
10 S SRR T EE p-value expected o 400 | —&— observed -
m
S——
w

Thursday, July 25, 13



Searches:
VH, H = TT

(24.5 fb!, 7+8 TeV)

PAS HIG-12-053




Event Selection

® Search for H — TT plus = 1 prompt leptons

p Orthogonal to inclusive di-T search

n [/ T
- H * Same-sign leptons

* Backgrounds:

W v Irreducible;

u/d \ / W<

29
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Event Selection

® Search for H — TT plus = 1 prompt leptons

p Orthogonal to inclusive di-T search

n [/ T
- H * Same-sign leptons

* Backgrounds:

w W v Irreducible;
u/d \ / Wz
o OWSPrlmnay v Reducible:
S~
K 25- ~= [ ] Reducible bkg. — j —>
N 20! | my = 125 GeV/c"™
*g I — ¢ Observed
| ) | ]
g 15] LU Go7Tev fL=som”
W - esd e GogTev L=19515"
10| |
°f e . R
3 N e
0_.* -----

0 20 40 60 80 100 120140 160 180 200
m's [GeV/c] 30
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Event Selection

® Search for H — TT plus = 1 prompt leptons

p Orthogonal to inclusive di-T search

1 [/ T T
- H * Opposite-sign taus

* Backgrounds:

W v Irreducible;

u/d \ / W<

31
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Event Selection

® Search for H — TT plus = 1 prompt leptons

p Orthogonal to inclusive di-T search

d/a [/ T T
7 H - * Opposite-sign taus

* Backgrounds:

N

B=7TeV [L=501"
/5=8TeV [L=195f5" —

7 [}
b e W : v Irreducible:
u/d \ [ wWZ

G S v Reducible:
> 20 B zz .
(3 181 [ Reducible bkg. ﬁ j _> T
o 15“' L wz «
E @ - eeeens my = 125 GeV/c’ | -
% 3 ®  Observed E
@
>
L

o O
T
T

il

‘ T ° =

xxxxxx

0 50 100 150 200 250 300 350 400,
S[GeV/iK] @

N & O
T T1717

o
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Event Selection

® Search for H — TT plus = 1 prompt leptons

p Orthogonal to inclusive di-T search

/[ LL

L =pT,eT,TT,e
* Backgrounds:

Vv Irreducible:
Y4

QO
\
s
—
I+
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Event Selection

® Search for H — TT plus = 1 prompt leptons
p Orthogonal to inclusive di-T search

— CMS Ptellmnary

O gq T s
= ol -zz 3
o] gz "] Reducible bkg. - / / I— I—
S0 e Diw |
N e my = 125 GeV/c' - _
- N |~ Observed e LL= MT, eT,TT,eld
0>J , s=7TeV /L=501b" .
@ 2 /=8TeV [L=10515" * Backgrounds:
10: . .
o o Jia e " v Irreducible:
T | 77
2t caa + v Reducible:
00 20 40 60 80100120140 160180 20022(% L oo
B mYs [GeV/c] — ii — | L
4 < +
.~ H L
7 /
Z
q s =

Thursday, July 25, 13



Results: CL upper limit

® Binned fit to di-T visible mass

® Not yet sensitive to SM Higgs. No excess observed
» Consistent with both S+B and B hypothesis

2 CMS Preliminary CMS Preliminary
B T T | T ¥ I I | i ' ! ! | | 2 T T l T T T T l T T T T l T

©” 14| —— observed /5=7TeV [L=501" -| & 14 —*— observed /5=7TeV [L=5.01b"
© | —— expected /5=8TeV [L=195f"' {4 © —— signal injected /s-8TeVv /L=19.5b"
S 121 [ + 1o expected _ g 12F [ * 1o injected
— - [+ 20 expected 1 = [ ]+ 20 injected
é 100 VH—- Vit 7 g 10 - VH—- V11
— i ; 1
O i 1 0O
X 8r E
8 i 1 W

6l 1 O

S R T T U R N
120 130 140 , ,
my[GeV/c] my[GeV/c
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Searches:
MSSM® — TT

(17 fb-!, 7+8 TeV)

CMS HIG-12-050




The signature

® MSSM: three neutral Higgs bosons (®=h,H,A)

p BR(P — TT) sizeable even for large Mo: scan Mqr tails for bumps

10° CMS Prellmlnary Vs = 7-8 TeV L= 17fb“C Th 102 CMS Prellmlnary Vs = 7-8 TeV L= 17fb‘T Th
l 10xo(160 GeV)—>Irr tanB 8 l 10xo(160 GeV)—>lrr tanB 8
-—&— observed -—®— observed
3 C=] Zoe C=] Zoe
10 B clectroweak —/ electroweak

—

l:l QcD
102

dN/dm._. [1/GeV]

10

1

107"

107

L : 10 i :
0 200 400 600 800 1000 0 100 200 300 400 500
m,. [GeV] m,. [GeV]

® Depending on model parameters (tanf), associated
production with b-quarks important

» b-tagging arXiv:1101.0593

37
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Results

® Two event categories: 0 b-tag, | b-tag
® As customary, results interpreted in benchmark scenario

50 .CMS Preliminary, Vs = 7+8 TeV, L = 17 fb"
.90
g 95% CL Excluded Regions ‘
+~ 45 [ Observed
40 we EXpected
+1 ted .
20 expectod ® Simulateneous fit for
35 P
o W LEP h | H | A > TT
) with masses, xsec, and BR
2 functions of (Ma, tanf3)
15  / HLetellld 3 @ Excluding as low as
10 MSSM m,™ scenario tan B~ 5
X M, =1TeV
L e e B —
200 400 600 800
m, [GeV]
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MSSM confronted with present data

® For M(®P=h)=(125%2) GeV, not much room left in mpmax

| ® New benchmark scenarios have
: been proposed

p can still accomodate much of the
unexplored parameter space

mh"nll
M =125543
o M 125542

* LHC excl
e LEPexcl

® For the future:
» new decay channels (TT)

» model dependent interpretation in new
benchmark models

E— o — » model independent bb®/gg® xsec limits

Carena et al. arXiv:1302.7033 p extensionto Ma = | TeV

39
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Conclusions




Summary

® Excess in the gg/qq H = TT search observed
»p 2.850 at 125 GeV, consistent with SM expected of 2.60

® VH channel approaching SM sensitivity

» Results consistent with either hypothesis

® Not covered here: ttH, H = TT (CMS HIG-13-019)

» Preliminary results recently presented; still far from SM sensitivity

® MSSM search to be updated soon

» Many improvements in the pipeline
» N.B: ®TT as a direct probe of the MSSM Higgs sector

41
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Summary

® Excess in the gg/qq H = TT search observed
»p 2.850 at 125 GeV, consistent with SM expected of 2.60

® VH channel approaching SM sensitivity

» Results consistent with either hypothesis

® Not covered here: ttH, H = TT (CMS HIG-13-019)
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Summary

® Excess in the gg/qq H = TT search observed
»p 2.850 at 125 GeV, consistent with SM expected of 2.60

® VH channel approaching SM sensitivity

» Results consistent with either hypothesis

® Not covered here: ttH, H = TT (CMS HIG-13-019)

» Preliminary results recently presented; still far from SM sensitivity

® MSSM search to be updated soon

» Many improvements in the pipeline
» N.B: ®TT as a direct probe of the MSSM Higgs sector

|. Establish SM observation of h = TT
2 . Finalize MSSM analysis...

... to make sure we are not missing the “H A” (= TT)!

44
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Back up




° . L

Taus in CMS g Lo
: . ® 1m0

® Hadronic tau reconstruction - 0TI
TITTTT

p Seeded by the GED (PFlow) @ TTTTITo
©® others

»p KEY FEATURE: Decay mode reconstruction

Single Hadron Hadron + Strip  Three Hadrons

W%

n* pr > =P a;2>mntmw
a, 2> a >t

® NB:PFlow Taus also @ HLT

» Regional PFlow at HLT garantees
v higher efficiency and online/offline consistency

46
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® Decay mode multiplicity
» discrimination against electrons/muons observables

Tau key-observables

® Visible tau mass
p provides in-situ calibration of tau-ES

0.8

d.U.

0.6

0.4

0.2

CMS Preliminary 2010,\/s=7 TeV, 36 pb"

|

® Data
[(JZ—-1t
[ W+jets
B tt/ewk
@acD

¢

I |

TAU-11-001

T

¢

no(s) Tou

reconstructed T decay mode

-
©

47

| “Polarimeters”

- not yet deployed |
W in ® = TT searches |

CMS Preliminary 2010,\'s=7 TeV, 36 pb™

0.6 B | T T T
: e Data )
0-5;— ;- —— Simulation ~
; 1 -w-- TauES*1.03
04 | T ---- TauES'0.97 -
0.3} . * ’ .
0.2} A .
; A A :
O |

T T PR SR A 20 10T
04 06 08 1 12 1.4
visible T (xr°) mass (GeV/c?)
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Tau performances

® State-of-the-art performances
Tau-ID efficiency: 60=65% -- measured with T&P

)
p Fake rate from jets: 2=-3%
p Efficiency flat vs pt
CMS Simulation 2010,\/s=7 TeV
> T 7T T T T T T
@© "F e HPSloose :
O 08 = HPS medium S
£ L 4 HPStight :
P F .
gos :
Sosf ;o"“mﬂ’*ﬂﬂﬁﬁ :
Q — ]
qx) 0.45 W,_._‘ - r
0.3F X . -
. B ouAA A AR A A
02 & -
o1 8§ .
Olmwe Lo 1ol 1yl
0 20 40 60 80 100 120 140

generated visible T p_ (GeV/c)
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measured t fake rate from jets

—
=
N

—
o
@

0.1

TAU-11-001
CMS Preliminary 2010,\'s=7 TeV, 36 pb
| | | |
O PTDR, W+jet
O PTDR, QCDu O
- - TaNC, W+jet o)
e TaNC, QCDu
—#- HPS, W+jet
e HPS, QCDu

|

0.2

| | |
03 04 05 0.6
expected t efficiency
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The candles

1 ® /OTT | & WoOTV
| : : x
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Common “topological” cuts (MT, eT, el)
MT(I, ETmiss)’ D.C* ETmiss

reduction of W+jets and reduction of Z—ee/Ul
top
cMs Weliminary, s = 8 TeV, L = 19.4 fb™ CMS Preliminary, Ys =8 TeV, L = 19.4 fb™
o cheered §2 W 2 B L L L LN AL g
[ P = " et —e— observed ’
310000 S Eé:; B
) Bl clectroweak ]
- Ctt -
8000 [CJQcD ~

o bkg. uncertainty

irtainty

0
0 20 40 60 80 100 120 140 160
m, [GeV]

vuuvwv

5000

%0  -100 50 0 50 10 0 20 40 60 80 100
miss
D, [GeV] E™SS [GeV]

* Ref. HIG-13-004
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eT: overview

“000_'"'l""l""l""l""l""l""_ ‘\& e+T
| et E] observed . *iu"

L X Z—1t - '\f.
| B Zc0 1 L1 Ele
| 800 | -qlecvoweak - ¥

Séeo 1] HLT_lsoEle_PFTau

bkg. uncertainty -+

discr. against Z—ee

{§e: pr>20-24, |n|<2.|
frpr>20, <23

} OZ I | Mr(e, ETmiss) <20,
| 0 50 100 150 200 250 300 350 .
R G %
Main backgrounds: QCD WH+jets Zee
*only in |-jet cat.
5| See later
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Statistical interpretation

® Test statistic based on profile-likelihood ratio

p Likelihood built with SVfit mass histograms
p Systematics incorporated as nuisance parameters

® Example of after-fit plots:

UT, 2-jet eT, 1-jet TT, 1-jet

CMS Prallmlnary Vs = 7o8 TeV L= 24 3 fb Hott 30 CMs Prallmlnary \s =7-8 TeV L = 24 3 fb H-t t 3.0 CMS Preliminary,{s=8TeV,L=194fb" H - t 1t

; 5-0 . L] l L] . g H(125 ch) t! L] L l . L J L) 5 H(125 Gev) lt L] . R . L . L] l L] . L J L) l . L) L] L] l L] L
-------------- » —
8 4.5 _—"1 t —&— observed [ €T}, —&— observed - Thh —— :,,::.{ ;i.';(;e\/) e .
= 4of2iet(VBF) G Ciiea 25 et highp, B2 25F2jet (VBF) 2+ .
- T E e | m— i —/ electtoweak i .
r 3 C—Jaco .
.g 3.5 E bkg. uncertainty 20+
S 30F "
= “E A
O L5k 15
20E -
- 10
15k 0 o
1.0 E 05 :_
05 X
0.0 E 0.0L
0 100 200 300 0 100 200 300 0
m,. [GeV] m,. [GeV]
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Experimental Uncertainties Propagation into Event Categories
Uncertainty Uncert. 0-Jet 1-Jet VBF
Electron ID & Trigger (1*) +2% +2% +2% +2%
Muon ID & Trigger (1%) +2% +2% +2% +2%
Tau ID & Trigger (1) +8% +8% +8% +8%
Tau Energy Scale (1) +3% +3% +3% +3%
Electron Energy Scale () +1% +1% +1% +1%
JES (Norm.) (1) +25—-5% | F3—-15% | £1-—6% +5 —20%
MET (Norm.) (1*) +5% +5—7% +2 — 7% +5 — 8%
b-Tag Efficiency (1*) +10% F2% F2 — 3% F3%
Mis-Tagging (%) +30% F2% F2% F2 — 3%
Norm. Z production (1*) +3% +3% +3% +3%

Z — T'(-Category +3% +0— 5% +3 — 5% +10 — 13%
Norm. ft (1* ex.vbf) +10% +10% +10% +12 — 33%
Norm. Diboson (1* ex. vbf) | £15—-30% | £15—-30% | £15—-30% | =£15-—100%
Norm. QCD Multijet +6—32% | £6—32% | +9-—30% +19 — 35%
Lumi 7 TeV (8 TeV) +2.2(4.2)% | £2.2(4.2)% | £2.2(4.2)% | £2.2(4.2)%
Norm. W+jets +10—-30% | £20—27% | £10—33% | £12.4% — 30%
Norm. Z — £¥¢: e fakes 1, () +20% +20% +36% +22%
Norm. Z — ££: u fakes 1, (1) +30% +30% +30% +30%
Norm. Z — £¥: jet fakes 1 +20% +20% +20% +40%

Theory Uncertainties (SM) Propagation into Limit Calculation
Uncertainty Uncert. 0-Jet 1-Jet VBF
PDF (%) - - +2 — 8% +2 — 8%
url/ur(gg — H) (1) - - +10% +30%
we/up(qq — H) (%) - - +4% +4%
we/ur(qq — VH) (1) - - +4% +4%
UE & PS (1%) - - +4% +4%
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Results: S/B weighted plot

® The global picture (for visual purposes only)

p All channels and categories weighted by S/B and combined
p Excess around ~120 GeV most striking

CMS Preliminary, Ys = 7-8 TeV, L = 24.3 fb™

;! R | | | 1 | 1 I I
@ [ ep,et,put,tr YO §
O 1000
- L
¢ | &
£ 800
u —
~ .
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g 600 |-
@ I o= i
s i H(125 GeV)- 1t )
"g’ 400 Le- —@— observed —
- " I A u
Qo . C i -
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m 200 ] aco -
— - -
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0 ) 1 1 l 1 .
0 100 200 300
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Process 0-Jet 1-Jethighpr | VBF
Z— 1T 84833 £ 1927 | 4686 + 232 | 109 + 11
QCD 18313 £ 478 | 481 £38 | 48+7
EWK 8841 £ 653 | 1585 =153 | 63+ 9
tt 11+1 155 + 11 5+ 1
Total Background | 111998 + 2090 | 6908 + 281 | 225 + 16
H— 17 -+ - 73+13 | 11+2
Observed 112279 7011 240
Signal Eff.

gg— H - 1.99-107° [851-107°
qq— H - 4.09-10-3 | 3.46-10-3
qq— Httor VH - 3.00-10~% | 1.60-10°°

Table 4: Observed and expected event yields, and expected signal efficiency in t

Table 3: Observed and expected event yields, and expected signal efficiency in the u1, channel.

Table 5: Observed and expected event yields, and expected signal efficiency in the eu channel.

Process 0-Jet 1-Jet high pr |  VBF
Z— T 48882 + 1282 | 1830 + 105 | 61 £ 6
QCD 4374 £249 | 395+£36 | 19+2
EWK 1185 + 89 461 = 44 7+1
tt 74 £5 1100 £ 66 | 19+2
Total Background | 54514 + 1309 [ 3785 £ 137 [ 105 £ 7
H— 11 -+ - 23 + 4 5+ 06
Observed 54694 3774 118
Signal Eff.

gg— H - 6.04-10-7 [327-10°
gq— H - 137-107% [ 1.80-103
gg— Htt or VH - 138-10~% | 132-10°°

Table 6: Observed and expected event yields, and expected signal efficiency in the pup channel

Process 0-Jet 1-Jethighpy | VBF
Z— Tt 25161 £ 708 | 792 +62 | 47+ 6
QCD 7706 + 307 3+03 | 1744
EWK 9571 £ 510 | 365+53 | 44+6
tt 405 | 47+4 4+1
Total Background | 42443 + 924 [ 1207 =82 [113+9
H— 7t -+ - 15+3 5+1
Observed 42481 1217 117
Signal Eff.
gg— H - 3941077 [333.10°7
qq— H - 1.10-107* | 1.78.107°
qq— Htt or VH - 8.30-10~* [ 1.46-10°°

Process 1-Jet VBF

Z— 1T 428 £ 90 | 47 + 28

QCD 210 £31 | 61 £10

EWK 41+9 4+1

tt 29 £ 6 2+2

Total Background [ 709 £+ 95 [ 114 £ 30

H— 171 9+ 4 4 +2

Observed 718 120

Signal Eff.

gg— H 252107499107

qq— H 593104 | 1.20 103

gq— Httor VH | 9.13.10% | 359-10~°

Process O-Jet 1-Jet high pr VBF
Z— up 1925174 + 52051 | 685272 + 27303 | 380 + 38
Z— 1T 20669 + 470 3888 = 157 |[116 £ 9
QCD 1299 + 226 561 + 161 6+ 11
EWK 4732 + 1594 7827 £ 1297 | 22+ 9
tt 4708 + 2110 2168 = 522 15+5
Total Background | 1956582 + 52120 | 699717 + 27418 | 539 + 42
H— 11 -+ - 37 £5 5+1
Observed 1956931 700020 548
Signal Eff.

gg— H - 9.50 107 7.23.10°°
qq— H - 1.85.107° 1.03 1073
qq— Htt or VH - 295.107° 1.39 -10~*
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Expected limits (SM search)

‘0 CMS Preliminary, ys=7-8 TeV,L=243fb" ' H- 11 50 CMS Preliminary, ys=7-8 TeV,L=243fb " H- 11
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Background estimation

® Irreducible VV bkg from MC s | n | (oo | (L
Reducible backgrounds 263+47 | 208 +42 252 4 10.0
: WZ 353+39 | 63+09 | T
} Normalized to meas. xsec or theory 77 25+03 | 039+0.08 | 27.2+3.8
. . Total bkg. 64.1 6.2 | 275+43 52+ 11
O Red Uucl b I e b kg: data-d riven VH=SVtt(my = 125GeV /&) 36+04 | 12402 | 21+02
VH—VWW (myy = 125GeV /c?) | 0.50 + 0.05 0 1.13 + 0.09
» Fake-rate measured in sidebands baerved g e 66
™ CMS Prellmnary CMS Preliminary CMS Prellrnnary
O RARE LARNRER AN RN RAR i - 04 T ASSREAS EERZRAES
> -z - 20¢ B 2z 3 —F “
¢y B o || Reducible bkg. 7 & "] Reducible bkg. a0k | Reducible bkg. -
o | L wz 1 6k Clwz b B0 wz =
% o0 | L] my = 125 GeV/c™- : P S my = 125 GeV/c” - 16E U my = 125 GeV/c" -
= | »r_'— ¢ Observed 1 14 ~e Observed jab —{ —® Observed E
g’ 15 [ || I~ i S=7TeV [L=50M" . 12¢ Vs=7TeV [L=501b" 125_ l , 5_5=;I°:Il.::t=5-90;t:; 3
W b _ TL= A 100 Ll i /5=8TeV [L=1951b" : $=8TeV JL=19. :
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50 CMS,\s=7TeV, L=4.6 fb" CMS Preliminary, Vs = 7+8 TeV, L = 17 fb
oo | AL AL L AL B A L A N LB B ¢ T T T T T

§ asf 7oL e
a0f o ol 2 B B
st A o o
3 7’ 0
25 25
20 20
15 15
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%00 200 300 400 500 OSpsEdrrrrd
m, [GeV] m, [GeV]
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MSSM xsection
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o

Mass Spectra (MSSM search)

CMS Preliminary, H—1r,

L=17 fb"’
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CMS Projection

Expected uncertainties on
Higgs boson signal strength u

10fo'at ys=7 and 8 TeV

300 fb at §s= 14 TeV
300 fb " at §s = 14 TeV w/o theory unc.
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