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Luminosity colected up to date

HAImost 4 x more data with 8 LHC 2012 RUN (4 TeV/beam)

TeV pp available for analysis i [ e -
today: about 20fb' recorded

—A— CMS 19.080 fii~’
—o— LHCb1.834fb7'
®Some channels updated with 15 -0~ AUCE 6284 pb’
12-13fb* presented at HCP
conference

®Next major updates planned
for Moriond 2013 ...

®However still not excluded

10

Delivered integrated luminosity (fo~')

that new intermediate 0 o
results will be released for el o= Aty
December CERN Counsil

week.
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Standard Model: global fit

Moriond 2012

R. Lopez de Sa. Moriond QCD 2012

3 00,46 I No exctudes st 0% o1 Since then:
-;-; O o= M,, prior to Feb/2012, m, Tevatron
-] [ === M, new world average, mtTE\raIrm
20044 = New mW
80.42
g measurement
= 80.4 _ _
80.38— - nggS'Ilke
80.36 1 particle discovery
80.34—
30.323— e July 2012
- e B L e e B T L S e
80.30 T o ! Ll | OLEPEWWG (2011) €8% CL (excluding M, m__ & direct Higgs exclusion) i
10 A A Quark mass (GeV> @ oL oy e, o9 m, o -
5 80.45 — " e ,\r?fa- |
With Mw = 80385+15 MeV B o 7
, 3 804l =
My = 94+2°9,, GeV 5 ’ - -
My < 152 GeV @95% CL = - .
= 8035 =
LEPEWWG/ZFitter ; E
80.3 - —
155 160 165 170 175 180 185 190 195
my,, (GeV)
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SM Higgs production at the LHC

' - F_r I
g q q
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g q q
\ (a)gg — H y (b) VBF y (c) VH
‘. m T T T T T T _- 5
o o \s=7 Tev %
o ]
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SM Higgs decays

VH—bb
H—T1T

— 105 T T T T 3E — 10: T T T T 3
e = 3 E 3
& f \s=7Tev SM 3f 8 £ s=7Tev SM ]
c F 13 r L ]
o [ 18 o [ i
x S 18 X 3 3
o] N ] o] - ]
E 107
E 102 E
107
/ - udsch - ¢ ZH = 1T6B)| '\ " = udsch

300 400 500 10700 200 300 400 500
My [GeV] M, [GeV]

E. Richter-Was 16 November 2012 6

LHE HIOAS X3 Wa 2011



ATLAS results of 4-th july

¥ Searches performed in 12 channels in the range 110 GeV < my < 600 GeV

Updated with
2012 data
Pustcasn )
| 10-150 48f+ 5.9 1202.1414
H—rZZ nm’ | 10-600 48\ 5.8 1202.1415
lvv 200-600 47 1205.6744
llgq 200-600 47 1206.2443
H—-WW lvqq 300-600 4.7 1206.6074
Iviv | 10-600 4.7 1206.0756
H—T1T l14v 4.7
[Thaa3V | 10-150 4.7 1206.597 |
ThadThad2V 47
VH—bb Ivbb 4.7
IIbb | 10-130 4.7 1207.0210
vvbb 4.6

E. Richter-Was
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ATLAS results of 4-th jJuly

3 3
5 o
B 1a- B
c = -
(=] o
— =
E €
- -
O o
=2 1 R
Ty} E Lo
<N - o
10'1:—
100 10910

Excluded at 95% CL: 110-122.6 GeV, 129.7-558 GeV
Excluded at 99% CL: | 11.7-121.7 GeV, 130.7-523 GeV

Expected exclusion at 95% CL (no signal): |110-582 GeV
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ATLAS results of 4-th july

= T L T L L T S L B LT BT
IO < s e RS R EAGAR B N SO 3 o 10 Ak Siew
& APFATLAS Prelimnary 2011 +2012Data § 5 [ ATLAS Preliminary 7mvam fo-esn,
o _JLdt 46-481"15=7TeV |Ldl1~58591" 1s= BTe‘uf__ o _fﬂ-» —
= 10°F ----- Exp.Comb.  ----- Exp.H-»ZZ' Il -~ Exp.H-bb = 107V =
- —— Obs. Comb. —— Obs.H—ZZ'—ll ~— 0Obs.H—+bb —J A LT 1
e Exp.H—=yy  -eve- Exp.H— WW' = vlv ----- Exp.H— 1t 10‘2 e----
102 - —— Obs.H—yy —— Obs.H - WW* iy Obs. H—1t Fi: [ i AR R RO .. TR
- E 107 F gps July2011 %,
- = .4 — Observed s
112 S 10 - Bpoced J40
N B 10_5 CERN Seminar 12/2011
10* L S
= -7 |- Spring 2012 “ d4July 2012
‘I(}'T = . =) 10 i ngsawed " E - Observed ™
I T T 10-8 . IExpemld o P A Expmodl
110 115 120 125 130 135 140 145 150 ‘ITU 115 120 125 130 135 140 145 150
my [GeV] | my, [GeV]

Excess consistent with
H->yy and H->ZZ*->4| decays
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SM predictions for H->vyy

» SM Higgs production channels 3 15\% 1%
<) - )
g [ 2
ETEEEEETY i g’ g
H" = I g
ty  >------- &) =
[ _
o
g
9, 9
]
w%—--t' -----
d a,
500 1000
My, [GeV]

» Branching fraction small but simple signature (two high p; photons in final state)

Main backgrounds to H-> yy are SM diphoton, jet-y and jet-jet events

s Q00000 —= ” 7 7
4 wns ¥ » Signal expected as narrow
' | >@m,< resonance over smooth
» ST . e q decaying background
- q q
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H->vy event sighature

Simple event signature

ATLAS

| A EXPERIMENT

1 Two high pT photons
pT, > 40 GeV and pT, > 30 GeV

d High trigger efficiency
~99%

(1 High event selection efficiency
despite high jet-jet & y-jet
production

~40%

 High signal over background
~3-10 % (depending on sub-category)
Invariant mass reconstruction m ?= 2*E,E,(1 - cos a)

1 Good energy calibration

] Robust primary vertex reconstruction

= Excellent invariant mass resolution ~1.6 GeV with 90% of events within *2c

E. Richter-Was 16 November 2012 11



Shower shapes and vertex reconstr.

Photon ID 2 - Photon shower shapes and background rejection

n%-y Rejection

» Photons shower shape distributions in LAr
sampling layers - different for signal and
background (n°)

S3

S2

S1

PS

Vertex Reconstruction

m_ ?=2%*FE F,(1—cos )

(1 Vertex reconstructed through likelihood combination
Calo pointing

> Calorimeter ‘pointing’
> Z tracks pT2

> Conversion vertex

> Mean vertex position

E. Richter-Was 16 November 2012 12



Event categorization

Event categories based on eta, pTt, and conversion

Both unconverted:

» Central
« Rest

At least one converted:

« Central
* Transition
. "iL *f
B | T | T T T |
[],12f— ‘Igrreﬁi‘:n?ngir;"umicn I HE?\DSUEM c:entral_
0.9 Hoyy FIWHM = 3 2 Gay! i

0.08[- m.= 125 GeV
- Vs=BTeV

1/MN dN/idm,, / 0.5 GeV

O Gonverted rest
low

FWHM = 4.5 GaV/

120 125 130 135 140 145

m, [GeV)

2 unconverted:
n(y2) 4

0.75.

107

102F

10%

>=1 converted:

n(y2) 4
1.75 I Resolution:
1.3 Good
Medium
0.75 Poor
0.75 nev) 0.75 1.31.75 n(yD)

T T !
[ +r+r] Background
Bkgd. Uncertainty
—4— 9gF m =125 GeV
“'%...._. + VBF#VH+tH m =125 GeV

3 % "1 "+ 4y
L Vs=7TeV ) m
10*L ATLAS Simulation ;% m ’*‘H’ it
i
"}—6[] 200 25[] I 300
p,, [GeV]

Central and Rest divided
into pr: < 60 GeV
and pr: > 60 GeV
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Energy calibration and resolution

Events / 1 GeV

m, 2=2%E E,(1-cos a)

» MC based calibration improved with energy scale and resolution corrections
based on in-situ analysis of Z2>ee, W—=2ev and J/ = ee

» Energy scale at m, known to 0.3%, uniformity (constant term) 1% in barrel, 1.2

- 2.1% in endcap

Agreement between data & MC Z—ee lineshape

EDDxI1I03 T I T T ™7 T T 1 T | 1 T T
180'—_ ATLAS Preliminary
165 0': Data 2011, y/s=7 TeV,
1405—
120
100 —
go~ Simulation without
= constant term

O q,=1-76 £ 0.01 GeV
Ope =1.59£ 0.01 GeV

er =46’

<247

—=— Data
— Fit result
[]Z—ee MC

1/N dN/dm,, /0.5 GeV

a5

E. Richter-Was
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0.12

(=]
—

0.08

0.06

0.04

0.02

Expected resolution of Higgs signal

- ATLAS Simulation
- Preliminary

- Hevy

m,= 125 GeV
Vs =8 TeV

® Unconverted central -
high Py,

FWHM = 3.2 GeV

| S(-’J Converted rest

FWHM = 4.5 GeV




Invariant mass distribution

:’ L T T
8 ssoof,, ATLAS ¢ Daa 1 Photon ID efficiency ~10%
- ——— Sig+Bkg Fit (m =126.5 GeV)

s T S Bkg (4th order polynomial) 1 Energy resolution ~*14% and mass scale ~0.6%
O Isolation < 1%

O Pileup 4%

d Lumi 1-3.6 % (2011-2012)

1 Theory cross section

{s=7 TeV, _[Lm=¢.a1n“
15=8 TeV, fLdt=5.9fb"

(a) :

g fgg ~ up to 25% (for VBF contribution)

2 of Ao ; ~ up to 12% (in other ggF)

@ oolE ® + ¥ 9 (underlying event ~5% and PTt dist up to 12% at

:(i P, l l 4 I[.‘iata S/B \:b'eighted ' hight PTt)

R i s o iy

g’ i - =F O Bkg Param (evts) 0.2-4.6 (0.3-6.8) for 2011(2012)
W 60

40

of~ As ‘seen’ by categories
(©)

In VBF category
(] Jet E-scale 9-10%
] Underl. Evt. 6-30%

ll]l-lllll]l]lll]llllll

E & .

= 4F —— ] Higgs p,;up to 12.5%

& O ML i

A sE Y 23788 events (7 TeV) and 35251 events (8 TeV)
100 10 120 130 140 150 160

m,[Gev] Background+signal fit, signal fixed at 126.5 GeV
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Quantifying the excess

» Maximum deviation from background only expectation at m , 126.5 GeV
-» Local significance 4.50 (expected from SM Higgs 2.40)

Effect of combination of 2011 & 2012

DataZD" 'E—TTBVJ"LI:IE 4.8 fo’!

Data 2012, 'Eb-BTQVILcl-Ebe"

Disared p 20712012
= = =« Expacted p 20112012

Wi — Otserved p 2011

© Observed g 3011 [with ES5) _--.Epmdp‘hm

-6 i ——— Oizanvad |:| 1z
10 € Obsmrvedd p_ 2012 [with ESS) e F 5015

e e i e e e e s B S ) ey

1.[]’7"""""'"""""""" PRl e e - ol
110 115 120 125 130 135 140 145 150
my; [GeV]

Effect of adding VBF category

Data 2011, f5=7TeV.| Ldt=4810"
f Data 2012 e=8Tev | Lt =591

—{ﬁbw'vﬂ‘h Jclﬂmun
...... Expecysd p. . 10 canegones
PR——— - L R ]
ssssss ENpooN n_ G CoIBQOOeS

=T
107410 115 120 125 130 135 140 145 150
my [GeV]

» Results consistent between 2011 and 2012 and improved by VBF category
» Results consistent between inclusive analysis (no categories) and with categories

E. Richter-Was 16 November 2012
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Signal strenght

» SM hHggs excluded in the regions of 112 - 122.5 GeV and 132 - 143 GeV
» Best fitted signal strength (wrt SM) form =126 of n=1.8+0.5

» Consistent results from different categories

CL limit on o/0o,,

;jj 6_' LI | L I T LU | L] T T T I LEL T I LB T | T T L] I T LI | I T T T T L
b B Observec CL lmit ~ SM H—yyy .
© 5[ Expactad CL, imt Darg 2011, V8= 7 TeV,[L dt = 4.8 fb'
5 r B Data 2012, {s= 8 TeV, [L dt = 5.9 ft' |
"E o v P a ,Vs=8TeV,[Ldt=5. :
5 % =
(&] E ATLAS ]
5

I.|||III|I

Lol
140 145 150

P T T T T RN T WY A N M T TN Y 2 1
90 115 120 125 130

135
m, [GeV]

Uneconverted
cantral low P
Unconvered
central high P

Unconverted
rest low P
Unconverted
rest high P_
Converted
central low Py,

Converted
central high P

Converted
rast low P
Converted
rest high P

Convered

transition

2-jet

Combinad

Signal Strength per Category

7 Is

ATLAS -

Data 2011+2012

]

=7 TaV. f Ldt=481 "]

|

=8 TeV, J' Ldt = 5.9 fo"'

SMH—yy
[mH =126.5 GeV)

Signal strength (u)
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Properties of new resonance

» Mass : 4'5?‘1'"';‘5" o ,' - wnemieoi | \With and without
> Likelihood T e v ES uncertainty
contours in the (1, mH) g 3 :
plane. Uncertainty on fit > ¥ ¥\
comparable for statistical . S\
and systematic 0515— ;;Esgt - E
uncertainty °E1én' ' 1é: B RN}
my, [GeV]
> Couplings 5 10 1A 12010 ]
—> Constraints in the plane of p (ggF+tf H "E B H sy 5 =7TeV: Lot =481 —
xB/Bg,,) and p (VBF+V H x B/Bg,,), < 0 fomotew: Ju=oste’ 4
where B is the branching ratio for : ]
H-vyy, can be obtained Ar B
-> The data are compatible with the SM ol =
at the 1.5 o level o+ ,-! i
» Production modes merged due to similar f i
couplings and small stats (with current I I R
By BBy

data-set)
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Since then....... (4-th July)

ATLAS

®The WW channel completed with 5.8fb! and released
end of July, included in the SM Higgs published paper.

®lLow mass channels with decay to WW, bb, 1t updated
with ~13fb! (2012) and released for HCP conference.

®Update on combination for signal strength.

CMS
WUpdated ZZ, WW, bb, tt with ~12 fb*(2012).
WUpdated combination, couplings and spin.

BTevatron
®Update on H->bb analysis with 10fb!.

E. Richter-Was 16 November 2012 19



The TEVATRON update

_ W/z
q w/z

Lo HEp
g H

For mE:115 GeV
Total VH: 0 =46 fb

..,'.’ z / b
~

ol

Replace 7 with H
Total VZ: 0 =213 fb

Z—>bb yields is 5 times larger, but more W+jets at lower mass,

also there is BG from WW.

Measure diboson cross section with exactly the same analysis procedure.

Tevatron Run I, L, < 9.7 fb”' preliminary
1+2 b-Tagged Jets

—+— Data - Bkgd
—— Bkgd Uncert.

800

600

400

Events/ (20 GeV/c?)

200

I_IIIIII|III|III|III|III

L1 L L L PN TN N AN N SRNVENN N T NN N B R ARV
0 50 100 150 200 250 300 350 400
Dijet Mass (GeV/c?)

c(WZ+77)=3.0+ 0.9 pb

(Fit performed with MVA output
without Higgs signal )

E. Richter-Was
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The TEVATRON update

o(WH+ZH) X Br(H=>bb)
=(0.19 + 0.09 (stat+syst) pb
> Wu=1.5619%72 @M,=125GeV

Tevatron Run |l Prellmlnary H—)bb LInt 10fb1

Tevatron Run || F’rellmmary H—>bb L<1OfbI @ 500 — Measured a ||_| +2Sd b
% — |Gbatiiod AR AR |§ T Bl t1sd. = Predicted
’E ..... Expected wio Higgs 1 B RS Expected if m, =125 GeV/c? (0,,x1.5)
3 10 F +  Expected if m,=125 GeV/c® %—400 T @ Expected if m, =125 Gech(cHﬂ.G) i
d [ Expected +1 s.d. e i 1
2 [ ] Expected +2 s.d. 2 300 i
s e
S I I
..... I .
............ Y
d 100 |
% 100 110 120 130 140 150 W=1.561372

O | PR RS T N TR S S N S S RN S U —0.73
90 100 110 120 130 140 150 m, (GBV/C )

GeV/c? _
. R i g (own +oz) x BUH — bb) = 0.1940.09 (stat + syst) pb
95% CL SM Higgs limit ratio @M, = 125 GeV SM expectation : 0.12-£0.01 pb

Exp: 1.4 Obs:2.9 SM Higgs @ 125 GeV
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ATLAS H->bb: analysis strategy

Search for Higgs decaying to pair of b-quarks w
» Associated production to reduce backgrounds .
The analysis is divided into three channels ‘\ .
» Two (llbb), one (lvbb) or zero (vvbb),) (I=e,M) *H
Cuts common to all channels
» Two or three jets: 1stjet pr > 45 GeV V4 0
other jets p; > 20 GeV KX
» Two b-tags: 70% efficiency per tag (mistag ~1%) "
Two lepton One lepton Zero lepton
ZH — lIbb WH — Ivbb ZH — vvbb
* No additional leptons » No additional leptons  No leptons
« Emss< 60 GeV « EMss> 25 GeV « EMss > 120 GeV
« 83 <m,;<99 GeV « 40 <MW <120 GeV « Emss trigger
» Single & di-lepton trigger « Single lepton trigger
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H->bb:

backgrounds

—@— Data 2012
B Signal

[ Multijet .
[ ] Diboson

Signal: WH/ZH Pythia8

Z+ b/c/light-jets Alpgen/Sherpa

Background shapes from
simulation and normalised
using data (flavour & signal fit)

Multi-jet bkg determined by
data-driven techniques
WZ(Z—bb) & ZZ(Z—bb)
resonant bkg normalisation and
shape from simulation

" ATLAS Prefiminary

> = - T T T T T T T T T T T LI T T T T T T T T T T T T T T T T T T T T T T
S emf Y mmsignal | E 1600~ ATLAS Preliminary 2opmave E 1o~ ATLAS Preliminary oz
2 E fl.m:u.nrb s\8=8Te¥ EMukiiet 3 & u00b def:r:mm", JE=8Tov Dowee 4 o E f!.dl:l.‘i.ﬂfb", E=8Tov B e 3
~~ 500 2Lepions, 2 Tags, =2 Jois O Dibeson 5 T F - = 3 Z e = =
E it E @ 1200 1 Lapton, 2 Tags, 2 Jots, p >0 Piwa 3 ] 0 Lopton, 2 Tags, 2.40ts, E; > 1200 GoV Elwa -
a0 2 lepton E% 2 § b 1lepton =% 1 ® | 0 lepton 2i% -
F e = = w F Ehl 3 w BD:— 7 5244 —:
300~ E: — 800 —pd = r 2 =i 3
= b F I 60 —
= 3 600 - F m
N3 ERY: E wf E
100~ — sooF E sof % 3
g i g % ¥ i3 - e
E 5 SO + +3 3 e E § g ISR 4 3
1-+- AR S e e S ++ E 1*— - =¢=ﬂ=¢.—¢—¢4—-++:¢-—¢~__‘__$_+=+_¢=+-+= : i H++ﬂ. T T E
**T 50 100 150 200 250 °Bp 100 150 200 250 0 50 100 150 200 250
. m [GeV] Mg [GeV] m,; [GeV]
Z+jets / Z+jets/ /
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->bb: example flavour fit

x10°
% °“F aTLAS Preliminary ' :'%}mz = 3 2°°F" "aTLAS Preliminary ' 3 Dmazoe’ -
O C f " 1 Muljet ] < - 4 ] Mukjet ]
o 250 L di=13.0 ", NS =8 TeV == Diboson — o - fam-as.om , & =8 TeV ] Dibosan ]
gy C [ E T 20000— i -
P = 1Lepton, Pro-Tag, 2 Jets, pif >0 =" 3 P —  17Lepton, 1 Tag, 2Jets, p'>0 = .
= 200— ] Wl - = - = st .
2 - Pre b—tag = ] 2 15000~ , = =
w = Tz« = - o P iz -
1501— = Z+c — C e Eﬁ .
- b - 10000 — » # =
100 - - W= — .
= . = — ]
: ] 5{}09_— g— —]
s0— - c E ]
s st (1 w4l enriched ] g I W+c enrlched s
] 1W—HHH+H=W 15—%—*“‘*"%**_'—* R
E 3 o.sE ) . . __
5E : : : ; = 50 100 150 200 250
**7 50 100 150 200 250 (Gov]
m_ [GeV] Me
& 1apof- e rremnnmany e E 1600~ ATLAS Preliminary ooz ]
= c f:.m=rs.om-f,\r§=srev %m 3 S 1aof [Latsonm’ E=oTev =
T 1zo0— 7 = 2 = g =L s
g = 7 Lepion, Z Tags, sJei'f,I-pr:v:Il t %ﬁi‘d ] @ 1200 1 Lepton, 2 Tags, 2 Jets, pf >0 %{m’ =
1000 e £ - -
L% B Je EE: ] L% 1000~ 2 b-tags [ Kard =
N3 == = 800l o %% =
800 — = J
E - 600 -
e o 400 =
200— —_ 200 =
g 2 E g E
S st |:l tt enrlched . S b :
8 ik +1_T+T++f+#++++.¢+++q .- e i s ooy LD
0.5t ' . St
50 100 150 200 250 0s 50 100 150 200 250
m [GeV] m, . [GeV]
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H->bb: systematic uncertainties

Uncertainty [%2] | Olepton | 1lepton | 2 leptons
Main experimental uncertainties b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
b-tagging and jet energy dominate light tagging 2.1 22 2.8
Jet/Pile-up/ET"* 20 7.0 54
> Jets: components (7 JES, 1 p;Rec0, resol.) Lepton 0.0 21 1.8
> E{™ss — scale and resolution Top modelling 27 4.1 05
] ] o ] W modelling 1.8 54 0.0
» bTagging — light, c & 6 p efficiency bins Z modelling 2.8 0.1 4.7
. Diboson 0.8 0.3 0.5
» Top, W, Z background modelling Multijet 0.6 26 0.0
> Lepton/ Multijet / diboson / Luminosity Luminosity 3.6 3.6 3.6
o Statistical 8.3 3.6 6.6
» MC statistics Total 25 15 14

Main theoretical uncertainties Background systematics (after cuts)

: Uncertainty [%] Olepton | 1lepton | 2 leptons
+ y p p P
» W/Z+jetm,, and V pT s =
» BR(H—bb) @ mH=125 GeV btagging 89 90 | 88 8.6
: : : Jet/Pile-up/E™miss 19 25 6.7 42
» Signal cross-sections include pT-dependent |, T 00 00 | 21 18
electroweak correction factors H — bb BR 33 33 | 33 3.3
. . . VH pr-dependence | 5.3 | 8.1 7.6 5.0
» Single top/top normalisation VH theory PDF 35| 35 | 35 35
VH theory scale 1.6 04 0.4 1.6

+ +

> Wie, Z+c Statistical 49 | 18 4.1 2.6
Luminosity 36 | 36 3.6 3.6
Total 24 | 34 16 13

Signal systematics (after cuts)
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->bb: m _ distribution (1 lepton)

E [T |A_I,_ILAISI IFJrIeIII;nIrI‘II3Iry T I T TT T TT TTT I Ii'al-ll T T IE E 500:| ||A|T-ILHSI IFJrIGIIi}-T‘llirlllarl'yl LI LI I LI T T T I I‘ZL-II T T |:
i B . 7
=) 500: f Ldi=13.0 5", (s =8TeV Multijet . o T | Lat=13.0f8", (s=8TeV -:rm,'et ]
@ o 1 Lepton 2 Jets, pYf < 50 GeV -:}’: . E L 7 Lepton 2 Jets, 50 < p¥ < 100 GeV -2’: ]
S 400 w 1 5 4001 w -
@ - -?_’ 1 m s —Ea .
3001 PeR 3001~ IDboson ]
- #-Data2012 r #-Data2012 |
200~ — 200 —
100 e o -
- . 100 bt
0,_ - ]
20 40 60 80 100 120 140 160 180 200 220 24( 20 40 60 80 100 120 140 160 180 200 220 240
W < My [GeV] [GeV]
pr'' < 50 GeV 50 < p,W< 100 GeV
B F TATLAS Preliminary | mw | B F ' ATLAS Preliminary | = > E'hmépraummmy T T
g ﬁi Len=130 ", [8=8 TeV -::... B g ?U;_ Ir.m:fs.am", f2=8Tev -'_n:qn E g 455__[ a=13.015", {5 =8 Tev =w_1|“- _§
E 160;— 1 Lapton 2 Jats, 100 <p} <150 GV -2 _ E 6[}3— 1 Lepion 2 Jets, 160 < Py < 200 GoV' -:‘: ] % mi_ Lepton 2 Jots, pf = 200 GaV -: _§
@ oE %@ mn : st | > g o -3
o R S BE ;
BOE- | 30F- 20 3
6o 20F- BE 3
a0F g 10F 3
20F- 10F- E 3
072040 60 80 100 120 140 160 180 200 220 2 :20 050
W m, [GeV m [GeV] m [GeV]
100 < p;"'< 100 GE‘V 150 < p{¥< 200 GeV pV> 200 GeV
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H->bb: Diboson production

WZ & ZZ production with Z—bb similar signature, but 5 times larger cross-section
Perform a separate fit to search for it and to validate the analysis procedure

> Profile likelihood fit performed (with full systematics)

> All backgrounds (except diboson) subtracted

> Uses full pt¥-¢ range, done individually for each channel & year (see backup)
Clear excess is observed in data at expected mass (all lepton channels combined)
Results: o/ogy =HMp= 1.09 £ 0.20 (stat) £ 0.22 (syst). The significance is 4.00

Events/10 GeV

400

300

200

100

i ATLAS Preliminary Bwzizz
L di=13.0 6", (s -
J Mg [GeVl  mwh 125Gev

fr_ di=4.7 6", (s =7 TeV 7H 125GeV

0,1,2 lepton
-o- Data - Bkgd

II_*I_'IIII|IIII|IIII|I

0F % | _+_.+.+#+
100 + +
—— 35" J00 50 200
E. Richter-Was 16 November 2012 mbB [GEV]
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H->bb: Expected and observed events

0-lepton, 2 jet | O-lepton, 3 jet 1-lepton 2-lepton
Bin E™ [GeV] p¥[GeV] P[GeV]
120-160[160-200[>200|120-160[160-200[>200| 0-50|50-100{100-150/150-200[> 200 0-50[50-100{100-150150-200{>200
{ ZH 29 2.1 26 0.8 0.8 1.1l 03] 04 0.1 00 00| 47| 6.8 4.0 1.5 14
WH 0.8 04| 04 0.2 02| 02| 10.6] 12.9 75 3.6 3.6 0.0 0.0 0.0 0.0/ 0.0 |
Top 89 25| 8 92 25| 10| 1440] 2276] 11200 147 43| 230 310 84 3l 0
W + c,light 30 100 5 9 3] 2| 580 585 209 3 17| 0 0 0 of 0
W+b 35 13 13 8 3| 2| 770, 778] 288 7711 64| O 0 0 of o
Z + ¢ light 35 14| 14 8 5| 8 17 17 4 1| 0| 201 230 9] 12| 15
Z+b 144 51| 43 41 22| 16| 50/ 63 13, 5 1/1010] 1180/ 469 75| 51
| Diboson 23 11] 10 4 4 3 53 59 23 130 7] 370 39 16 6| 4
Multijet 3 1 1 1 1| 0 80 522 68 14 3] 12 3 0 of 0
Total Bkg. 361 127] 98] 164 63| 42| 3810 4310 1730  297| 138[1500| 1770 665 07 72 |
+29 +11/+12] +13 +8 +5/+150] +86| +90/ +27 +14/+90] +110] +47 +12/+12

Dm0 D1 90 155 65 323820 4011607 297 T3]1ams] 1773 657 100 69
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H->bb: Expected and observed events

95% C.L. limit on o/og,,

6_ | T T T T | T T T T | T T T T T T T T | ] =3
 ATLAS Preliminary ﬁz?TeV,det:aL? e 7 = AEA& Preliminary VH (bb)
5 —e— Observed (CLS) [P N Exp. f L M?fﬁ"f?ﬂ-?Tel';dehis.ﬂﬂi’Jﬁ_gTev
- Expected (CLs) Vs =8 TeV, det =13.0fb" - e e e
T [ =10 VH(bb), combined ] - TTT—
4__ l:l . 96 — : .......................................................................... OO
3;_ _; :---.-.-.-.-._.-.-.-.-.-.-.-.-.-.-.-.-.-'-.--:-_:'_:;:1:.---1:1::::'_-.: ........ "IG
- 4 107
2 = -
&= - Mo W5 720 %5 180
- . m,, [GeV]
0_ | 1 1 | | | 1 1 | 1 | 1 1 | 1 | 1 1 | 1 | B
110 115 120 125 130 5 120 : ; : -
2 - ATLAS _ ]
m,, [GeV] B ol —e— Observed(cLs) VE=7TeV. f Ldt = 4.6-4.7 fb"
. . o - ------- Expected (ClLs B}, combin 1
- Observed (expected) limitat m,=125GeV & [ ==.i VieBeomhe -
. ., = 8 [:2 -
» 1.8 (1.9) x SM prediction o I :
» ology=M=-04+£0.7(stat.) £+ 0.8(syst.) 8
« Observed (expected) p, value: 0.64 (0.15) :
* Exclusion at m, ~ 110 GeV :
More than doubled the analysis sensitivity = g% 1%

Previous publication ., gey;

http://arxiv.org/abs/1207.0210 =—
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M CNAS, |
VH, H—=bb results
5 °f 'CIMSIP:reIEmiInaIrvI LI
© B . CL, Observed 1 Z(TH(bb
B [ \s=TTeVL=5t" j:-_cimmnjem ] Z(THED)
g 5 1s=8TeV,L=12.11b --e-- CL Expected ]
— _ VH(bb), combined CL Expected+1c ]
£ - CL Expected 20 _ _
3 4 A Z(¥)H(bb
4L
O
o t
o 3 W (h)H(bby
5 [
E [
gk oA
L T T
e
o R |
] @
i 1 =
| 1 1 | L Il 1 1 J 1 Il 1 | 1 L L L 1 1 L L cg
110 115 120 125 130 135 a
IS
my [GeV] § "
e Obs (exp) excess 2.20 (2.10) @ 125 GeV 109}
[Tevatron obs (exp) ~2.80 (1.50)] ; i
107}

® Reached SM

Roberval Walsh (DESY)

sensitivity < 120 GeV.

10°E

-6_ L 1 L L L I I 1
10490 115 120

HCP2012, H — bb in CMS

PRV

YUY LCiliUCL e e

(s=7Tev,L=5.0"'Ys=8TeV,L=12.1 b’

CMS Preliminary my= 125 GeV
Signal strength My(125) = 1.3*%706

6

2 4
Best fit o/og,,

Bo

CMS Preliminary
1s=7TeV,L=51fb"
i1s=8TeV,L=12.1b"
VH(bb), combined E

—&— Observed

---a--- Expecled from SM Higgs

1 | 1 i 1 I
130 1356

125
m, [GeV]
6



H->171: sensitivity not yet reached

* (Calculated limit and significance using MMC distribution as the discriminant.

* To extract signal, Profile likelihood was used.

(=] =
P 102 o  ATLAS Prelminay c_C: ATLA§ Preliminary ] Ldt=4.6 " {5 =7 TeV 3
v O :g:;:;".:ggt Lot~ 461", =7 TeV - S i [Ldt=13.0f0" ys = 8 TeV|
S 8E -2 [Ldt~ 1317, f5=8TeV = =yl TObsenvedH o N
e F I 16 . - --- Expected for SM Higgs Boson E
% 75_ _5 E ... Expected for SM Higgs Boson at mH=125 GeV E
o 65_ 3 15 E

2 5F = - 106
Lo - .
D = o

3- 10 =— e — ’

2 : ' 20
1 102¢ E
G; I | I | I L1 1 1 I L1 11 I | I | I L1 1 1 | % E I I L | w I I | - I I | L I I | L I I E

100 110 120 130 140 150 100 110 120 130 140 150

my [GeV]
my, [GeV]
Expe?t%c)i :1.2xSM Observed:1.9xSM Exr()ecl’gedzlia Observed:1.10
K= K=

Best fit value of Signal Strength (u) is 0.7 =0.7
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Observed Limit (inclusive H—tr)

Expectation w/o Higgs: Expectation w/ SM H(125):”u

= 5.0 T T T T | T T T T I I = 5.0 T T | T T T T l T l
ol —— observed 5 5 ol —— observed
E 4.5 expected """""""""""""""""""""""""" ----------------- '-6 4.5 expected w/ H(125) ............................................ .................
c 4.0F [ * 1o expected T _— c 4.0F [ t 1o injected e o
o [ ]+2cexpected o [ + 20 injected |
E 35 | E 35 |
1 1
Q Q
2 2
0 0
o o

; ; ; 0.5 _ _____________________________________________ ____________________________________________ _________________ _

0-0 1 1 1 1 I 1 1 I 1 1 I 1 I: 0-0 : 1 1 1 1 I 1 1 I 1 1 1 1 I 1 I:
110 120 130 140 110 120 130 140

m, [GeV] m, [GeV]

« Sensitivity(125 GeVv)=1.05. Observed limit(125 GeV)=1.66.

« Compatible with Higgs boson signal at 125 GeV but also with

background only hypothesis. "
Roger Wolf Y no fit to data for expectation




Results

CMS preliminary ¥s=7TeV,L=511f0"\Js=8aTeV L=122" CMS preliminary ¥s=7TeV L=51f"ys=8Tev, L=1221"
> :II T | LI L I mTrTT I T | T | T TT | L L L % 25_—I I T T T | T T T | T T T | I- IDIatal T T T —t
& a00 . Data 1 0 F Good agreement between
o C 1 ™ ' Z+X -
S et M 2+x 3 < e o ] | predicted and observed
~— -4 E ﬂ L M Iy ZZ - -
8 r [zv. 2z 1T . = 1 | ZZ continuum.
o 304 ' S [ |m.=t126Gev
D s [ Jmi=126 Gev 15- ‘\

I Z=>41 peak is in place

and in agreement with
prediction. Fit of the

Z—>4] peak shows
] | | dm~0.4+0.28 GeV and
0900 200 300 400 500 600 700 800 080 100 120 140 160 180 expected resolution.
m,, (GeV) m,, (GeV)
R L AN A
[1}] = Data b
S g 1 X2Z124] For m(4]) = 121.5..130.5 GeV:
2 100 ' Oz | peakis there Expected background:
L% i [Jme1zscev ]| and increasing 6.5 events
B_ - - - -
- | m statistics * Expected signal (my=126 GeV):
- corresponding 125 events
to luminosity L i
and expectation * S 1gna1.Bckg ~ 21!
of H> Z7Z-> 41 * Observed: 17 events

110 120 130 140 150 160 170 180
m,, (GeV) Alexey Drozdetskiy é



ATLAS: update on combination

Higgs Boson | Subsequent L dr
S Deciy Sub-Channels {Ib_ll
2011 s =7 TeV

H — Z7™ 4¢ {de, 2e2u, 2u2e, 4u} 4.8
H — yy - 10 categories { p1 ® 17, ® conversion} & {2-jet} 4.8
TlepTlep {eu} @ {O-jet} @ {££} ® {1-jet, 2-jet, boosted, VH} 4.7

TicnThid {e, u} ® {O-jet, 1-jet, boosted, 2-jet} 4.7

il Th;;w {boosted, 2-jet) 4.7
Z — vy ET"™ € {120 — 160, 160 — 200, =z 200 GeV} @ {2-jet, 3-jet} 4.6

VH — Vbb W — €v p;? € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
Z — p% € {< 50,50 — 100,100 — 150, 150 — 200, = 200 GeV} B4

2012 /s =8 TeV

H — z7Z® 4¢ (4e,2e2u, 2u2e, 41} 5.8
H — — 10 categories {p1 ® 7, ® conversion} & {2-jet} >2.9
H— Ww evuy {eu., pe} ® {0-jet, 1-jet} 13
Tlep Tlep {0} ® {1-jet, 2-jet, boosted, VH} 13

H — ot Tlep Thad {e, u} ® {0-jet, 1-jet, boosted, 2-jet} 13
Thad Thad {boosted, 2-jet} 13

Z — vy ENS € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — v p}"v € {< 50,50 — 100, 100 — 150, 150 — 200, = 200 GeV} 13
7 —S.8F p% e {< 50,50 — 100,100 — 150, 150 — 200, = 200 GeV} 13
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Channels entering HCP combination

Best-fit Higgs mass m,, :

126.0 £ 0.4 (stat) £ 0.4 (syst) GeV

Best-fit signal strength:
M= 1.3 Sa8

Coupling measurement
not updated for HCP:
uncertainies of 20-30%

| | | | |
ATLAS Preliminary
W,ZH — bb

=126 GeV

Vs =7 TeV: JLdt=4.? b Py

Vs =8TeV: |Ldt=131"
H—- 1t

\s TTVJLdt 461"
\s= BTeVJ-Ldt 13fb

H—>WW — viv

Ve =8TeV: |Ldt=131"

H— vy
\s ?TVJ:LCII 48"
\s= 8TeV|Ldt 591"

H—)ZZ —>4I

Vs =7TeV: [Ldt=48m"
Vs=8TeV: |Ldt=58f"

Combined n=13+03
Ys=7TeV: |Ldt=46-48 "
Ys=8TeV: |Lat=58-13 1"

-~

0 +1
Signal strength (1)
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Signal strength Mir

 Combined significance at MH=125.8 GeV: 6.9 ¢
 Combined 6/c,=0.88+0.21

« Overall satisfactory level of compatibility of the
individual channels to the SM cross section

— p-value=0.46 from pseudo experiments

« Break-down production mode shows compatibility
within 1o for each decay channel

ls=7TeV,L= 51" Vs=8TeV, L=122F%' - E?M?IPr?llnlll:lal‘?'lisl-?l'l'ev,L-IS.‘lﬂJ" Vs-8TeV,L— 122"
CMS Preliminary m,, = 125.8 GeV > g AN + Hom
MH=125.8 Expected (o) Observed (g)  H—bb(VH1iag) 7 + HoWw
GeV H - bb (ttH tag) i + Ho2Z
s i & Habb
ZZ 5.0 4.4 oo et o $ How
H— 11 (VBF tag) ! '
vy 2.8 4.0 H - e (VH tag) a ]
WW 473 3.0 H - vy (untagged) i
H— vy (VBF tag) - B
bb 2.2 1.8 H s WW (01 ) 2r —
T 2.5 15 H— WW (VEF tag) | .
o _
Combination 7.8 6.9 H— WW [VHtag)
H-—ZZ

-||||||||||||||| 1 ||I||||||||||||I|| 1
-1.0-050.0 0510 1.5 20 25 3.0 35
ggH+tH

Marco Zanetti, HCP 2012, Kyoto 6

N 1 PR PR | L PR
-2 0 2 4
Best fit m’GSM




e Still limited precision

Couplings summary

 Overall good compatibility with SM predictions

\s=7TeV,L=51b"

W5 = 8TeV, L=12.1fb"

CMS Preliminary

my=125 GeV

s

-

65% CL intervals

-

+
+

+
ﬁ

+

0 02 04 06 08 1

Marco Zanetti, HCP 2012, Kyoto

12 14 16 18 2
best fit

Model parameters

Assessed scaling factors

(95% CL intervals)
AWZ.- Kz Aw:z [D 57—*165]
Awz, Kz, Kf Awz [0.67-1.55]
Ky Xy [0.78-1.19]
Kf Kf [0.40-1.12]
Koye Kg Ky [0.98-1.92]
Kg [0.55-1.07]
B(H — BSM), x,, kg | B(H — BSM) [0.00-0.62]
Adu, Kv, Ku Adu [0.45-1.66]
A g Ky, Kq Atq [0.00-2.11]
Ky [0.58-1.41]
Kb [not constrained]
Ky, Kb, K1, Kt, Kg, Ky Kt [0.00-1.80]
Kt [not constrained
Kg [0.43-1.92]
Ko [0.81-2.27]
1




CMS Preliminary Yys=7TeV,L=5.1fb" ys=8TeV,L=12.2fo'

N 2.0
I SM Higgs @ Fermiophobic ¢ Bkg. only 5 .
2 b e . 1 .8 [ P

1.6 7
1.4 .
1.2 o m

(] S o,

u ko N\
0.8} X Q O
0.6/ N Y

.
-...
-

0.4}
0.2f-
L S— o .

'l-:.,, (scaling of vector boson couplings) 0 1 2

Couplings look consistent within 2 standard deviations
—  Fermions versus vector bosons
—  effective gluon versus photon couplings (loops)




Final comments:

For SM Higgs physics we are shifting from a search-
based to a measurement based program. It
presents a challenge.

In particular final fitting and fit models undergo
much deeper scrutinity and optimisation

- Enormous numbers of nuisance parameters in
the likelihoods require deep understanding of their
uncertainties and petential correlations

- Fitting process itself is very complicated and
time consuming

— Mixture of fitered Monte Carlo and data-driven
techniques makes understanding of uncertainties
particularly challenging.
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