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' The discovery of the new Higgs-like boson

» In March 2012 ATLAS and CMS g F ATLAS 20n 20z
presented some excess at ~125 e — .
GeV

+ On July 4t 2012 CMS and ATLAS 3§12 )
reported the observation of a new N
boson With maSS abOUt 125 GeV 11(())11110 115 120 125 130 135 140 145 150
that is consistent with the SM N L Lt
Higgs boson g 10’ -

e 5 main channels in CMS: < 10°
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-12I_—III\IIII\III\{II\{!II{III}I\I—_I
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m,, (GeV)
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2012 data taking

 LHCis running at 8 TeV since beginning of April

* Already exceeded 20 fb! per experiment of collected
data

e Maximum luminosity 7.5 x 1033 cmss

* Multiple interactions occur for each

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV bunch crossing (in-time and out-of-time
____Data included from 2012-04-04 22:37 to 2012-11-23 10:07 UTC pileup)
=25 : : ‘ : : ‘ 25 )
e [CGNS = LHC Delivered: 21.71 % ' * Mean PU ~10 events in 2011 and ~20
- CMS Recorded: 20.32 fb ! eventsin 2012
= 20 .
.G :\ C T I L I T 17T I T 17T | L L :
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SM Higgs productlon and decay

UCSD
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Exploit all four production modes
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Most sensitive search channels at 125 GeV LCSD

CMS Preliminary {s=7TeV,L<5.1fb"' \s=8TeV,L<12.2fb"

e 2 channels with excellent mass resolution (1-2%)

S
I S
— yyand ZzZ -> 4l bl S\ .
O ]
— Search for mass peak over the BG e N S +6
I 70
* 3 channels with worse mass resolution (10-20%) .
1 0-1 F[— Combined | ~ N
— WW -> 212y, Tt and bb | — e .
— Search for excess above estimated BG 105 ;
1{6'111115"{éé“iz's“iéb”iéé“{é‘) ‘\}‘Zs
lllustrative CMS for ICHEP dataset 5 + 5 fb-1 M (Ge¥)
Channel o X BR (7-8 TeV) Mean Number of Average Mass
(pb) Efficiency signal events s/b resolution
Yy untagged 0.045 40% 180 3.5% 1%
vy VBE 0.003 20% 6 20% 1%
ZZ->4| untagged 0.002 30% 8 150% 1.5%
WW->212v untagged 0.2 5% 100 15% 20%
WW VBF 0.015 3% 4 25% 20%
TT untagged 1.3 2.5% 300 1% 15%
Tt VBF 0.088 2% 15 10% 15%
M, =125 GeV Approximate values, only for illustration
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Updates of the analysis

Channel Int Lumi CMS (fb'!) Int Lumi ATLAS (fb)
vy (untagged, VBF tag) 5+5 5+5
ZZ->4l (untagged) 5+12 5+5
WW->212v (0-1 jet) 5+12 13
WW->212v (VBF tag) 5+ 12 5+5
Tt (untagged, VBF tag, VH tag) 5+12 5+13
bb (VH tag) 5+12 5+13

Results that have been updated for the HCP conference in November are indicated in red

* 2012 analyses have been ‘blind’

— All analyses have been developed before looking at the
signal region

— This avoids possible experimental bias
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H->vy

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

M,,=125.9 GeV
o/ M=0.9%




H->vyy analysis strategy E

* Search for a small mass peak over large and smooth background
— Irreducible: 2y QCD production

— Reducible:
> :I 1T T 1T | T 17T | 1T 1T I T 17T T 17T | T 1T LI T I:
* Narrow mass peak G 1000L CMS preliminary e E
~ 14000 Vs=7TevL=48fp! =3 2promety E
— mass resolution 1-2% *UE) 00 ’; % ;f;:?f“”ake{ ]
i . -7 [ prell-Yan ]
* Studied mass range: o 1200 X B Horr (120 Gov) <5 ]
110_150 GeV L 1000 -% MC k-factor uncertainty _:
. . _ ]
« Splitinto event classes 800 B M,=120 GeV —
= A . -
TEN - signal x 5 ]
to enhance the sensitivity oo L, BG MC only not =
400 g ' Y use.d fOI.’ CL =
- "E . estimation =
2001 Rl N I
C _IJ!I_A 1 I | I I | I | I I | I ) N T l 1 II —"-:F- --
% 100 110 120 130 140 150 160 170 180
m,, (GeV)
* ATLAS * CMS
— Splitinto 9 categories — Cut based and MVA based
— Diphoton P, n, converted/ analyses
unconverted — Split into 4 categories + VBF

analysis
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CMS H->vyy analysis LCSD

* 4 non-VBF event classes split based on a diphoton Boosted Decision
Tree (BDT) classifier output + dijet tag classes

* BGis estimated by fitting to a polynomial in the full mass range (3™
to 5t order)

— Possible BG bias is always less than 20% of the statistical error
— Different BG estimation in cross check analysis gives consistent results

Event SM Higgs boson expected signal (my = 125 GeV) Background
categories Ooff FWHM/2.35 || Myy = 125GeV

Events | ggH VBF VH tH | (GeV) (GeV) (events/GeV)
i BDT 0 32 61% 17% 19% 3% | 1.21 1.14 33+04
< BDT 1 163 | 8% 6% 6% - | 126 1.08 375+1.3
105 BDT 2 215 | 2% 4% 4% - | 159 1.32 748 +1.9
e BDT 3 328 | 2% 4% 4% - | 247 2.07 193.6 +3.0
N | Dijet tag 29 [27% 72%) 1% -| 173 1.37 1.740.2
- BDT 0 6.1 | 68% 12% 16% 4% | 1.38 1.23 74406
S BDT 1 210 | 87% 6% 6% 1% | 1.53 1.31 54.74+1.5
¥ BDT 2 302 | 92% 4% 4% - | 194 1.55 1152423
< BDT 3 400 | RN% 4% 4% - | 286 2.35 256.5+3.4
=2 | Dijet tight 2.6 - - 206 1.57 1.3+0.2
Dijet loose 3.0 {53% 45%) 2% - 1.95 1.48 ) 37+04

Resolution in 2012 somewhat worse that 2011 because for now used prompt-reco
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H->vyy vertex determination

Primary vertex Z position

- LA | e vy vy . L | L
< .- - ATLAS Preliminar e Data 2011 (f*=1.5 m)_]
e ATLAS has pointing 016 ¢ 5 Data 2011 (=10 m) ]
0 14;\s=7TeV.det=4‘9fb . MS by E
calorimetry o1k E
" "E 2 unconverted photons 1
0.1 nl<1.37 Oy~ bcem 3

— Zresolution 1.5 cm for
two unconverted
photons, good enough 0.04f
to have negligible
contribution to mass

Entries / 10 mm (normalized)

956700 B0 0 50 100 «is0

A zCaloPomtmg [mm]
resolution
[2)
* CMS uses underlying event R ’m’”“‘ﬁfmmnmuﬂ
and recoil jets, I f
— Affected by pileup s |- o s, <10
. ©0.6
— checked with Z->pp T [
— Overall efficiency >80% >4
 Both also exploit tracks O_zi_gi'\rﬂn?lztrs:]minary
| nPU=9.5

from converted photons

O0 50 100 150 200 250
p_(H) (GeV/c)
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H->vyy energy resolution

* Energy resolution extremely important
— Need precise ECAL calibration

— CMS uses MVA energy regression

* Energy scale and resolution measured with Z->ee
— Exploit similarities between electron and photons

— Precision from tagged photons from Z->upy would be smaller

0.12

0.1

0.08

0.06

1/N dN/dm,., / 0.5 GeV

0.04

0.02

Examples of high resolution event classes
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- Hoyy ‘f“ + - o i >
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[ ¢ ] L
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H->yy VBF analysis LCSD
* Exclusive dijet tag improves sensitivity by ~10%
* Photon identification is the same

— tighter lead photon E, cut (E, lead/M,, > 55/120)
* Dijet tag selection on dijet variables

— exploits two additional VBF high p; jets at large rapidity

e Contamination of gg-fusion ~25%, syst. error 50-70% dominated by
underlying event

CMS. Dijet tag selection has high s/b, ~1/3
\\\ ‘\\ N 18 :_CMS preliminary —— Data
y, \ Q r Bkg Model
T S F\s=7TeVL=4.761fb" T et
M,, = 121.9 GeV g Ter -
‘ A% | BDT >=0.05 VBF Tag —e— 1xSM m =120 Ge
| M., = 1460 GeV — 14F ‘
\‘ \ .__
i & 12
| Z g 10
— ) > C®
‘.." - 0 Lu 8 -
'} "{ y g {
) - 2 L | | |
CMS Experiment at LHC, CERN L TTTONe !
Data recorded: Mon Sep 26 20:18:07 2011 CEST : - B =R
Limi shoton: 450 - e P00 120 140 160 180

m,, (GeV/c?)
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H->yy combined mass spectrum

=

UCSD
CMS Vs=7TeV,L= 51fb'Vs=8TeV,L= 53fb1
> -l I | I I I | I I rr Tt
q) | > T 1
O _ 8 Unweighted
""_) - 121500 Unweighed
21500 P data events
-g §1000-_ and BG model
G>J ! parametrizations
Weighed I_";" 000 130
data events 0 v (GeV) Sum of mass
4 BG model Y= 1 distributions for each
an mode % _ event class, weighted
parametrizations = 500 _L gi:ﬁt by S/(S+B)
~ [ e B Fit Component B is integral of
? [ 1+1o i background model
2} | EJ+20 | over a constant signal
® O oo o geg o rectoninena
m,, (GeV)

 This plotis not used in the analysis and it is for illustration only, it adds all
event classes together
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H- vy results: p-values LCSD

e P-value: probability that a BG only fluctuation is more signal-like than observation
o 10g— T T TR 10 ; - : -

CMS Preliminary
{s=7TeV,L=5.11b"

Data 2011, Vs=7 TeV,f Ldt = 4.8 fb"!

Observed (Asymptotic) - 3(5

10 Data 2012, Ys=8 TeV, [ Ldt = 5.9 fb
___________________________________________________________________________ 40 10° =
5 = Observed p 2011+2012 N N 1x SM Hi E: ted (Asi
10 © Observed p, 2011+2012 (with ESS)} - g"b'::"rv:‘; :c:g:‘“”‘z C X '99s Expected (Asimov)
o O Observed pnz()” (with ESS) - gbpps:;:dp‘g“zzogsz 10-4 e N s 7 TeV Observed (Asymptotic)
y Cobserved p_2012 (with ESS) 0 E
10 T_se__p” _______________________________ " ---E:(pe::ed-pcfmf ______________ _350 C ; : 8 TeV Observed (Asymptotic) {40
10-7||||||||||||||||||||||||||||||||||||||||| 10-5llllillllllllllIlIllllIlllIIlIllllllll
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, (GeV)
my, [GeV]

Similar results from cut based and cross
Check MVA analysis (3.7 and 4.6 o)

| Al N

Mass position of minimum local p-value 126.5 GeV 125 GeV
Local significance at minimum 450 410
Fitted value of pu 1.8+0.5 1.56 £ 0.43

M is the signal strength modifier p = 6/0,,
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H > ZZ > 41 (4y, 4e, 2e2y) =

* Clean channel: 2 high mass pairs of * Background
opposite sign isolated electrons or — irreducible: ZZ

muons coming from PV — reducible: Z+jets, Zbb, tt, WZ

* Narrow mass peak * Verysmall BR ~10*at 125 GeV
— Very good mass resolution 1-2 %

o CMS Experiment at LHC, CERN

CMS Data recorded: Tue Oct 4 00:10:13 2011 CEST
M Run/Event: 177782 / 72158025

Sk \ Lumi section: 99

w(z,) p;: 15 GeV

e*(Z,) p; : 28 GeV

WIAY N

w*(Z,) p; : 12 GeV e 4-lepton Mass :

125.8 GeV

e(Z,) p;: 14 GeV
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mau= 125.1 GeV

pr (muons)= 36.1, 47.5, 26.4, 71 .7 [GeV]
miz= 86.3 GeV, msi= 31.6 GeV
15 reconstructed vertices

\

T —7  QAlAS

http://atlas.ch

Run: 204769
Event: 71902630




H->ZZ->4l: invariant mass spectrum

Full mass range Low mass
CMS preliminary Vs=7TeV,L=56.1f"Vs=8TeV,L=12.2fb" CMS preliminary Vs=7TeV,L=5.1fb"Vs=8TeV,L=122fb"
> C L | T T 1T | T TT I TT 1T | TTTT | L | T T 1T > 25 :__I | T T T | T T T | T T T | I. T DI | T T T _1:
[0 C 7 8 r ata ]
O 40 . -
> : Data ] o\') C Z+X ]
T 35F [ z+x = o 200 Qzrzz
2 aof 2z [ | ]
S 30C Czr 3 e ¢ [ |m=126Gev 7
3 F [ my=126 GeV - W 5L ]
25 C ] - i
20F E : ]
E ] 10— —
15 = i ]
.
S i o SR, vl g PO ™ ’ q nna
00 200 300 400 500 600 700 800 0 80 100 120 140 160 180
m,, (GeV) m,, (GeV)
> 22 > T T T T T T T T T T T T T T L
o) ATLAS © [ e Data ATLAS ]
G20 o L o ]
o ¢ Data . w0 25 - Background ZZ *) —
E 18 o _ackground z 2 [ [ Background Z+ets, tt A2z =l 1
= B Background Z+jets, tt T ackg +ets, 1
3 16 [ Signal (m =125 GeV) S oL [[] Signal (m,=125 GeV) B
I Signal (m =190 GeV) wevL i
0 nl w14 I Signal (m:=360 GeV) C % Syst.Unc. ]
Y 12 W Systune. 15015 = 7 TeV: fLdt = 4.8 fb” 1
1 ) C -
8 TeV Hzz 4l "Vs=8TeV:[Ldt=5.8fb" ]
fl_dt =5.81b 100 ]
/s =8TeV . 1

200 00 e 100 150 200 250

my, [GeV]
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LCSD

MELA: Matrix Element Likelihood Analysis:

uses kinematic inputs for
signal to ZZ background discrimination
{mllmZIellGZIe*lq)lq)l}

CMS: use other kinematical variables

Pbkg(mlv ma2, 917 927 (I)a 9*7 (pllmélf) !
Psig(m17 ma, 017 027 (Dv 9*7 (Dllmélf)

o P MELA = [1+

Improves the sensitivity by ¥20% compared to using the mass alone
BG MC Signal MC

CMS Preliminary 2012 Vs=7 TeV, L=5.05b™; Vs=8 TeV, L=5.26 fb™' CMS preliminary {s=7TeV,L=51f" {s=8TeV,L=122f" CMS preliminary  fs eV, L=51f" ys=8TeV,L=122f"
> [T T T T T T T ] Q T 1 a 1 m 1
£0.14 1 %
5 [ —— SM H(125 GeV) i -
20.12F = - 0.8 0.8
2 & — qqzz | : '
N 0.1j qq = E
© 6 0.6
€o0.08f- - sk = - 0.6
2 VP LR
< 0.06- N . - S
. 0.4F . . o 0.4 04
i 0 3:_ e —— - =
0.04 : 3F —-— -
] 02:_ - —m— - _E: 0.2
0.02 = - =T manlgy : 0.2
01— o
0 1 /; OE -
0 0.10.20.30.405060.70809 1 120 130 140 150 160 170 180 O
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H>2ZZ->4l exclusion

ATLAS: Not updated after
discovery papers in July

-

CMS preliminary fs=7TeV,L=51f" {s=8TeV,L=122fb"

%102:""|""|""|""|""I""I"": % T T T T TTTT7T ||||||||||||||||||||||||||||||||||||||||||||||
3 - ATLAS — Observed CL, ] F 10 — Observed
g L H>zZ0>a Expected CL, T ..... Expected
= [ (s=7TeVfLdt=4sfp’ =10 1 N #i Expected t 1o
g . R [ ]+20 T ----- Expected + 26
= 10p Vs=8 TeV:[Ldt =5.8 fb B +
o ] T |
5 : 3
@ | - B
< -
15 E T .
C g N -
B g i N
S S i T ...................................................................
L " .
I 1 ©
1011111]||[|||||||||||||||1||||||||1| [ |
110 120 130 140 150 160 170 180 10'1100' = "'2'0(')'” ':'30'0'””2'06"5'06” S 000
my [GeV] m, [GeV]
| ATAS cms
Expected exclusion 95% CL 124 - 164 and 120 - 680 GeV
176 - 500 GeV
Observed exclusion 95% CL 131-162 and 113-116 and
170 - 460 GeV 129 - 720 GeV

November 27, 2012 Marco Pieri UC San Diego 21

M

Al



Al

H>ZZ->4l p-value

CMS preliminary fs=7TeV,L=51f" {s=8TeV,L=12.21fb"

c
®)
W
)

7Il|l|IIII‘IIIIIIIIIIIIITIIIIIIIT

a® o[ . B () AR R ERARA NSRS BUEE
510 T o ATLAS 2 1 M 3.
o] - —— Obs. 2011 H—>2Z"— 4l . > 107 W/ ERY =l
- 10 _Eﬁzz%;z Vs=7 TeV: [Ldt _48fb':—§ N \ f; \ { ?20

1 p. \F =8 TeV:[Ldt=5.8 fb" 8 107F -.‘:“ v N

O E “-“. - ;
10_1;_ e Y 10_3 E_ e ; O _§3c

S R 5 T A - ' — Obeerved FEANE

10_2§ 10_4 - "“ - = Expected ::. “.E
: : ; e

B & e L : g V :. :

10_4;_ PR RS _é 10® ;— : ' —;

S ':_-.-.'4_. .......... T R 40 3 3 o 3
L . 50

105 1 | | L1 11 ‘ I I | 111 | I 11 I 1 | | - | | - 7— I I I I I |I l -1
110 120 130 140 150 160 m17[%e\1/?0 107510 120 '%36 140 150 160 170 180

H m,, [GeV]
| AT cms

Mass position of minimum local p-value 125 GeV 126.0 GeV

Local significance at minimum 3.60 450

Expected 2.70 500
Fitted p 1.4+£0.6 0.8+0.3
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H>WW-Iviv oo
* Most sensitive channel around 2 x M,,, (125 <~ M, <~ 200 GeV)

* No narrow mass peak (mass resolution ~20%)

 Main backgrounds

— WW (irreducible but signal tends to have

smaller angle between leptons) H->WW->epvv candidate in CMS
— Z+jets, WZ, ZZ, tt, W + jets

* Analysis can be performed
in exclusive jet multiplicities
(0, 1, 2-jet bins) and flavour
(ee, Uy, ep)

— Different BG

— 2 jet bin mainly corresponds to VBF
dijet tag
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WW->lvlv analysis strategy
CMS

0 Jets 1 Jet
(SHAPE) (SHAPE)

Different flavour (ep)

Same flavour (ee, up)

* Same flavour has much larger BG and larger systematic
errors (cut based analysis used)
ATLAS only uses different flavour signature

— Due to PU effect on MET resolution

— Define 4 categories: ep and pe (first is highest PT) and 0-jet and 1-
jet categories

* New for CMS: 2D shape analysis in M, M variables
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ATLAS 4 categories at 8 TeV

> ————— > P
[0} ' .. T [} 7
O gof ATLAS Preliminary R ol S obiundl O 1p0f ATLAS Preliminary g R mve
- F \s=8TeV,| Ldt=13.0f" Etzr gxns'ﬂop . - L \s=8TeV,| Ldt=13.0 " E«Zr jlm'eTon ]
~ r . +ets 1 ~ - +jets +ets -
% 80__ H—»WV\/"—>evuv (0 jets) W50 ] ,g 100~ Hovww!” —uvev (0 jets) B H(125GeV] ]
(3] - - r) o |
i r 1 & 80 ]
60~ 7 C ]
C ] 60 .
40— — F ]
C ] 401 .
20 E 201~ E

250 300 0 250 300
m; [GeV] m; [GeV]
> s > ———r——r— T
© 4 ATLAS Prellmlnary o w3 O 4 ATLAS Prellmlnary e 3
2 \s=8TeV, | Ldt= 130" g'z'm E,i;"f"“" = e \s=8TeV, | Ldt= 130" E'z'm j'v"lv'mp ]
~ . +jets +jets - ~ +jets +jets -
.g 356 HoWw Sevuy (1 jet) B H (125 GeV) —; .g HowW = pvev (1 jet) BB H(125Ge) ]
g 3 g E
w B w =

300 300
m; [GeV] m; [GeV]

gnal Ww WZ/ZZ]/ Wy tt tWith/tqb Z/y* + jets W + jets
45+9) 242+32 26+4 lo+2 11+2 4+3 3417
40+22 10+2 37+13 137 2+1 11+6

H+ O-jet
H+ 1-et |

334+28 || 423
114+18 J| 141
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ATLAS WW 4 channels combined LCSD

Background subtracted data for the Only 8 TeV data, tot yet combined
4 channels combined with 2011 7 TeV data

o L L e
10°E ATLAS Preliminary

T I T Q-
o
8 10°E H-WW" —evpviuvev (0/1 jets)

—l T T T T I T T T T l T T T T I T T T T T T
120~ ATLAS Pre||m|nary —4— Bkg. subtracted data

- Vs=8TeV,JLdt=130M" [ HIi25Gey]

>
[0}
O
=)
S~
2
c
[}
>
L

100 ' 10°E (s = 8 ToV: (Lt 13 fo
H->WW S evaviuvev (0/1 jets) 10 {s=8TeV: [Ldt =13 fb
80 ~0Obs. [Dzx1o
10 --Exp. m_=125 GeV [Ce2o
60

-+

llllllllllllllllllllll
llllllllllllllllllllIlllll

T[
1
—
o
N

1 1 1 1 l 1 1 1 1 l 1 1 l 1 1 l 1 1
50 100 150 200 250 300
m; [GeV]

1 I 1 1 1 | ] 1 1 I 1 1 1 I 1 1 1 1 1 1
100 120 140 160 180
m,, [GeV]

e Observed 2.6 o0 at 125 GeV (1.9 o expected)
* Fitted n=1.5%£0.6
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CMS: 2D shape analysis

* Only for most sensitive channels

* Use M, vs M,

* Different types of BG have different distributions

e 2D fitis able to constrain the BG in different regions

 Simpler than previous MVA analysis because it is the same for all

masses
CMS preliminary L = 12.1 fb™ (8TeV) CMS preliminary L = 12.1 fb™ (8TeV)
—~ 200 20 —~ 200
> >
ci 180 ﬂi 180
= 160 = 160

140
120

140
120
100 100
80
60

40

20

100 120 140 160 180 200 220 240 260 280 % 100 120 140 160 180 200 220 240 260 280
M, (GeV) M, (GeV)
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2D analysis

('\Io 160 ;I 1T I 1T T ‘ L I T 1T J T T NQ F L I T TT I L I T TT ‘ L ‘ T 1 17T ]
% [« data — m,=125 GeV CMS Preliminary % 200 F - data — m,=125 GeV CMS Preliminary
O q40[ M H125 I W+ets fs=8TeV,L=12.1fb'—] o 1gof MM H125 [ W+jets fs=8TeV,L=121fb"_]
= r v Top ] = v Top 7
S epmzr ww ] T jeop M2 ww E
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CMS WW results

-
®)
%)
)

CMS preliminary L = 12.1 b (8TeV)

s 10 -
o0
) —@— DF Ojet 2D .
3 DF1!:t 2D 102 = observed CMS preliminary
S ' F  --- median expected 3
g —@— DF 2jet cut-based - expected * 1o H—-> WW — 212v ]
E —@— SF Ojet cut-based B - _ 1 B 1
= SF 1jet cut-based - expected + 26 L=4.9fb" (7 Tev)+12.1fb" (8 TeV)_
(\g 7 SF 2jet cut-based — signal injection mH=125 GeV * 20 (stat.)
o —@— All channels combined
(<]

ool

=

95% CL limit on G/GSM
=
|

[y

Q
[
|

ul

=
= T
o

?10 115 120 125

Illllllllllll III1|III IHIlIIIIIlII

I I I | |IIIlIIIlI|IIIlIIIII|IIIIIIIlIIIIIIIIII;

200 300 400 500 600
Higgs mass [GeV]

130 135 140
M, (GeV)

* Combine published 7 TeV cut based with 8 TeV 2D shape analysis
e Observed: 3.1 o at 125 GeV (expected: 4.1 0)
— Evidence of H->WW->|vlv decay

Signal strength u=0.74 £ 0.25 at 125 GeV

November 27, 2012 Marco Pieri UC San Diego 29



New boson’s decays to fermions

-

Yukawa
sector

Uptype |

o Mixed
sector

Down type @
. 4 Loops (y, g) are

sensitive to BSM

contributions.
Quark loop

* Couplings of the new boson in the Yukawa sector are not yet
directly observed

 H(125) presumably couples to quarks, indicated by presence
of gg-fusion

 H->tt decay not yet established
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H-> 1T analysis LCSD

* Complicated analysis, combination of many different sub-channels

Decay Production/signature
H >t > 00+4v (12%) 0-jet (ATLAS only)
H->tr—>07,+3v (46%)  (X)  Liet boosted

2-jet VBF
H-orr—>11,+2v (42%
h™h (42%) VH (ATLAS 2-jet, CMS leptonic decays of V)

Also split e and p in the analysis

e More than 10 sub-channels for each of the experiments

Njets >
pr (T,H) 0 lets low oT CMS
ets low p
Only to fit BG S el
VBF VH
0 Jets high pT :
Only to fit BG SBR[

e /->Tt main BG
* Stopped using O-jet category in CMS

— Only kept to fit BG normalization
November 27, 2012 Marco Pieri UC San Diego 31



H-> 11 VBF candidate

ATLAS
EXPERIMENT

Run Number: 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST

- = -

—

.
—=p



a.u.

H->T1TT mass

* |nvariant mass calculation
— Use full kinematical fit

— Mass resolution:
15-20%

Visible mass

2A)

Fitted mass

i i T,T
CMS Simulation 2012 TuTh P CMS Simulation 2012 (TR
0.2 3 g
: S [
0.18[— - Z—-1t 0.1a- Z—1t
0.16 —— H— 1t (m =125GeV) 012:— —— H—=tt(m =125GeV)
0.14| E
C 0.1
0.12}— -
0.1f 0.08[
0.08[— 0.06-
0.06 C
= 0.04|
0.04— -
0.02 :_ 0.02 :—
o : A J— l I L L I l I I L L l 0 L
0 50 100 150 200 250 0
m,, [GeV] m_. [GeV]
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25

Events / 20 GeV

10

20

15F

—4— Data
— 2 X H(125)—>11
Bl Z-tr -
Il Z—eeuu
I (7+single-top
wwwz/zZ -
1 Fake leptons ]
777 Bkg. uncert. ]
Ldt=13.0fb'

\s=8TeV
ATLAS Preliminary -

50 100 150 200 250 300 350 400

MMC m., [GeV]

250

200

Events / 20 GeV

150

100

50

November 27, 2012

ARREERLEaE A a e e L
ee +eu + up H+2-jet VH

—— Data .
— 2xH(125)—1tt ]
Bl Zotr -
Il Z—-eeup ]
B (f+single-top

wwwz/zZ ]
1 Fake leptons
7777 BKg. uncert. ’

j Ldt=13.0f" |
\s=8TeV ]
ATLAS Preliminary |

50 100 150 200 250 300 350 400
MMC m., [GeV]

Events / 10 GeV

Events / 10 GeV

450;‘ 1 ee+ ey +py Boosted
400 —— Data
- — 2 x H(125)->1t
350F
- Bl Zortr
300F Il Z—-eeup
: I (7+single-top
250F wwmwz/ZZ
3 1" Fake leptons
200F 777 Bkg. uncert.
150E Ldt=13.0f'
: \s=8TeV
1005— ATLAS Preliminary
50f '
00 50 100 150 200 250 300
MMC m., [GeV]
250_-””I'”'I”éeuép';;lﬂ;-m:jét””j
L —4- Data E
i — 2 x H(125)-1T]
200 HlZ-t B
[ Hl Z-eeup )
r M {7+single-top 1
150+ WWWZ/ZZ -
i W Fake leptons
L 777z Bkg. uncert.
100 J‘Ldt=13.0ﬂ’i' N
[ \s=8TeV i
50'_ ATLAS Preliminag
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Reconstructed 1T mass spectrum

MMC m_, [GeV]

150 200 250 300
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95% CL Limit on o/c,,

November 27, 2012

H-> 1T results

| H- 1t | | ATllAS Prelliminary|
—e—Observed CL, | Ldt=4.6fb"(s=7TeV -
--- Expected CL, [ Ldt=13.0fb", (s=8TeV ]
[ J+2c
ER

IIlIIIIlllIIIIIIIIIIIII|I|I|||II||II||—

IIl|IIII|IIIIIIIII|IIII|IIII|I

0_11lIllllllllllllllllllllll_

100 110 120 130 140 150
my [GeV]

CMS, Preliminary, H > 11, L = 17 fb"

M
o
o

F —e— observed
4.5 - —— expected

4.0 - [ * 1o expected
[ ]+ 20 expected

35E

3.0

25E

95% CL limit on o/og

20F
15E

1.0 ;
0.5F
e T T

m,, [GeV]

| amas cwis

Expected 95% CL exclusion
Observed exclusion 95% CL
Fitted p

1.2
1.9

0.7+0.7

Marco Pieri UC San Diego

1.0
1.6

0.72 £0.52
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Three views of channel compatibility plots

* Fitted signal strength in different categories/channels/run

periods

CMS Preliminary 17fo™at ¥s =7 and 8 TeV

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

Category m,=125 GeV

1-Jet t . i

A

T

-
+
x
L ]

Combined 7TeV } * i
Combined 8TeV ——e—
_|

Combined ——e—
I | | | I | | ] | | | I

-2 0 2 4
signal strength

Not yet evidence of tt decay

November 27, 2012 Marco Pieri UC San Diego

By production tag

By decay channel

By year/CM energy

=
LCSD
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H->bb channel LCSD

* BRinSM at 125 GeV ~60%
 BG too large (7-8 orders of

magnitude larger, needs NP

additional tag 2
* Both ATLAS and CMS use Lot / "

VH associated production v

— /->ee, UM, VWV .

— W->e,u >
* Mass resolution ~10%
* Also start exploiting ttH %?et

. » @
production N

— Much less sensitive and for
now only 2011 data
analyzed

November 27, 2012 Marco Pieri UC San Diego 37



Events/10 GeV

-100

H->bb all channels combined

* Both experiment observe ZV with Z->bb
— ~5 times larger cross section
— All BG except diboson ‘signal’ subtracted in the plots

 CMS sees larger excess than ATLAS at 125 GeV

4 sigma significance of ZV Tighter cut based selection

=

UCSD

T I T

T
' ' o Data

T T T T o T 1T 1 7T I T 1T T 1 I T

400~ ATLAS Preliminary - v _ + CMS Preliminary

_[ Ldt=13.0 1", (s =8 TeV Wwz.22 1 % 80" (s=7Tev,L=501" mm Vi(izs Govy

- 7 = - -1

300 .WH 125GeV ] = : fs=8 TeY, L= 13'1 fo %&J ‘I\gl\(,: uncert. (stat)

_[ Ldt=4.7 15", (s=7TeV i £ gol PP VHH—bb N

ZH125GeV 71 W I

0,1,2 lept ]
200 P o Data-Bkgd |
100 _;:

+

III|IIIIIIIIIIIIIIIIIIlIIIIlI

lllllllll

||_

1 1 | | 1 1 1 1 Il 1 1 | 1 1 1
100 200

M.; [GeV]

1 1 1 1 1 | 1 | 1 1 1
50 100 150
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> H->bb It ~
: UCSD
E [ I T T T T l T T T T I T T T T I T T T T I i E | T I T T T T | 1 i
%w _  ATLAS Preliminary Vs=7TeV, _[ Ldt=47f" %m B ?EMS7P;:I‘|,mI1na;yfb1 —— gll:s g?;sefvedt g ]
5 —e— Observed (CLs) 14— c 5l Vs=8Tev,L=12.11b" : s injected
§ [ e Expected (CLs) Vs=8TeV, J- Ldt=13.0 b ’ 2 [ VH(bb), combined gt: E::iﬁiﬂm ]
f= T [+t1o VH(bb), combined ] £ N CLsExpected=20
= 4r [J+2 7 -4
- L i — -
. - § o
@) B i I3} N
X 3C 7 B 3
Yo | | -— - e
@ - i § o T
2 I -
B . R
- . I }
0: I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I : N 1 L L L I L L L | | 1 L L L | Il Il 1 1 I 1 | | | 3
110 115 120 125 130 110 115 120 125 130 135
my, [GeV] my [GeV]
| auas cms
Expected 95% CL exclusion 1.9 1.1
Observed exclusion 95% CL 1.8 2.4
Observed significance 0.64 220
Expected significance 0.15 210
Fitted -0.4+0.7+0.8 1.3+0.7

Some excess observed in CMS
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Combination of channels

 Method for CL calculation is LHC-type CLs

— Frequentist CLs with profiled likelihood test statistics and log-normal
treatment of nuisance parameters

— ATL-PHYS-PUB/CMS NOTE 2011-11, 2011/005, (2011)

* To extract the values of the parameters, we scan the profile likelihood
ratio:

-
®)
%)
)

L(obs |s(a) + b, 0,)
L(obs |s(d) + b, §)
where 4 and 0 are the values of the parameters
and the nuisances that maximize the likelihood

* To parametrize the couplings, follow LHC working group prescription
(arXiv:1209.0040)

— SM dependent models, search for small deviations

ga) = —21In
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Observation of a new boson at ~126 GeV E

No new combination after the observation
paper

CMS Preliminary {s=7TeV,L<5.1fb' ys=8TeV,L<12.2fb"

a) 1 L %] LI | T I[l: llllllll : —— 16 o i 1T 1T I 1T 1T I L L I L L L ] 1T 177 I 1T 17 I 1T 17 [ L
-1 — o
2 10°E = 120 - ATLAS 2011-2012
= AL 30 O » S.

> = 7 \= 3 \s=7TeV: |Ldt=4.6-4.8 fb e Exp.
o - /7/\/ 46 — P
=10°C / b = (s=8TeV: [Ldt=5.859fb" mEr :
(@) SRR _5(5 1 e - - - S LI LIIIIIIIIIIIIIoIIITICgIToIITIITTIIToIIIoC Ooc
9 = \ / E O E T N e S g o
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---------
~
~-
-

L
.
.
.
.
.
L d
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' o
1 I
[ ]
L} &,y
' '
' '
' '
'
P '
' '
' '
' '
' '
' '
' '
B w
Q Q

10‘13 :: = Combined obs. [*, :: 10° = . =
| === Exp. for SM H \‘ — P x4 S S 27ttt 5¢
= - s I8 <
S > .
A7 | —H- ] Tl RN T - ------ 6
10 [ —H—>}\;JW ‘. . . 1070 “ °
| |—H—>2ZZ . — -11 .
T T b P She s gl 10 IIllIIIIllllllllllllllllIIII\lIIIIIIIIIl
110 115 120 125 130 135 140 145 11 115 120 125 130 135 140 145 15
my, (GeV) my, [GeV]

* Observation is confirmed with excesses of 6 - 7 o in the 2
experiments at a mass near 126 GeV
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Exclusion in the rest of the mass range UC\SD

* At high mass most sensitive channels are WW and ZZ
decays

CMS Preliminary {s=7TeV,L<5.1fb"' Ys=8TeV,L<12.2fb"

I | I—-—Observed 110—_l S —_
B8 Expocted (667%)| s F ATLAS 2011-2012 <+t E
10¢ CMS = Expected G548 = [ \s—7TeV: |Ldt-4648f" L t20 ]
5 | Vs=8Tev: JLdt-5.8-591" — Observed i
—I oA e Bkg. Expected 4
O e
1 N
F o)
()}
107 E o'k | ~ CL, Limits
0S5 460 855 500 110 150 200 300 400 500
my, (GeV) m,, [GeV]
| auas cms
Expected exclusion 95% CL 110-580 GeV 110 - 680 GeV
Observed exclusion 95% CL 130 - 560 GeV 129 - 720 GeV
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New boson’s properties

-
®)
%)
)

e After the discovery the questions we ask are:
— What is the mass?

— |s this particle a Higgs boson?
— Is it consistent with the SM Higgs boson?

* To answer these we should:
— Measure the production cross sections and BR

— Measure the couplings

— Measure spin and parity
* Spin 1 excluded by the observation of the diphoton decay

 Both ATLAS and CMS are now starting to address all
these questions
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Signal strength p in different channels
ATLAS CMS

\s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"

| |
ATLAS Prellmmary i my, =126 GeV CMS Preliminary m,, = 125.8 GeV
W,ZH — bb i
\e=7Tel |Ldt=47 " ° :
Vvs=8TeV JLdt=13m"’ '
H —> T : H— bb =
Vew7TeV [Latmag’ o—i
\vs=8T; |o 1 o H
H— WW — viv : H —s 1t
Ve=aTeV JLdi=13m" - = =
H — (( :
Ve =7TeV: [Lat=ag | —— H— vy .
\s a |Ld 59%" :
H o ZZ o 4I
Ve=7TeV: [Ldt=48m" —
Ve=aTeV: |Ldt=581" : H— WW —.—
Combined u=1.3+0.3 :
Vo=7TeV JLdt=46-48M0" !
Y6 =8 Tev J'ILZI-{-a—u't -+ Ho>ZZ _..l_
l | | I | i l 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1 0+ o 05 1 15 2 25
Signal strength (1) Best fit o/c,,

e QOverall n
— ATLAS:1.3+0.3
— CMS: 0.9%0.2

* Everything consistent with SM within errors, no large
deviations observed

* x? probability of channel compatibility with SM ~50%
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Mass measurement LCSD

From yy and ZZ -> 4]l mass spectra 2D scan (1 vs mass
C!VIIS \Il'sI ?TeV\L. I51fb s=8TeV,L= 53fb1 25_CIMS|Dr|r|mn‘y[ .\r. 7.T|V.L 51lfb]\f 8T\|/LI ]Z?f:_ 3OCMSP Imlnryl 7TVL 51fb Vs-8TeV.L< 122fb
% I % E * Data B b% ’ H _).Y,Y + H %ZZ -l- Comblned
E{D) 31500 Unweighted ol . 74X 1 B o 5[ + H-ovyy
:-1500 E % 20:— [:|2v*.zz — “F + H-2ZZ
_.UEJ gwoo— :>j - [ |m=126 Gev j 5ol B
51 000 mY;:(%g;eV) ! ] 151 ]
S [ a j
g 500__igf§Fit l 1'01 E
@ : % ;I;lt Component ! : 051 _:
T e wom :
m, (GeV) O~ ""loi 125 126 127 128
my, (GeV) my (GeV)
1D scan: mass
e Results ) Aoy e Lss 1 e Ttz 2z
H—>'Y'Y+ H—ZZ —— Combined
— ATLAS 126.0 + 0.4(stat.) + 0.4 (syst.) = zz —ron
(Q\]
— CMS 125.8 + 0.4(stat.) £ 0.4 (syst.) s E
. . . 6F —
* Dominant systematlc error is the Rg E
absolute energy scale 4 -
3f E
— largely uncorrelated between CMS ot \\ // E
and ATLAS it
ol CNNLS
122 124 126 128
my (GeV)
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Global Fits — dfitter results

-
®)
%)
)

* M, was the last SM parameter to be directly measured
* Important for EW precision test
* SM p-value of global fit 7%

— Was 9% without direct measurement of MH

arXiv:1209.2716

* Including M, in the SM M, and sin?0_ are predicted with a
precision superior to the direct measurements and are
compatible with them

& E EI‘ T | 1 D E s‘ 80.5 T T T T I T T T T I T T T T I LS T T I T T T pg I T T T T

E S| 3 E sMm Hao - : . » -
E | swmwem, ¢ EN N ER ) - [ 68% and 95% CL fit contours | mg Tevatron gverage = -
£ o ATLAS mossuroment amvc1207 3 Eomran E oS, - w/o M,, and m, measurements ’ 7
F % CMSmeasu 11207.723! 3 - my E = ‘]
E_ _g‘ £ ;;:s - rolp.Tevatron o [arXiv:1207.0¢ —g g 80-45 —_ 68% and 95% CL fit contours o . __
£ 3 B 3 A, - w/o M, m and M, measurements v |
3 E sE E - M, world average = 1o 5 o

E H1o 2 . 7 E 80.4 17 =
E E 1E o fa = ; = ey e ST ’ ; A i o B M 7
.................................. Py 1 E B o T

00 140 160 165 170 175 180 185 190 L 0 L7
M, [GeV] V] B .
W ° 80.35 — : _ ' . —
AR U3 UL I IR RSN L | I LI L El y 10 T 3 I~ : -
E - = B d .
3 3 E 80.3 — A% ]
3 3 3 80.25 |— —
é E %1 B | PRI B! | TR N
80.38 80.39 80.4 X 0.231 0.2312 0.2314 0.2316 % : 1 40 1 70 1 80 1 90 200
M, [GeV] sin?(0},,)

m, [GeV]
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Production cross sections

* Measurement of production cross sections in the different
channels

— Decay BRs are fixed to the SM

‘ CMS Preliminary {s=7TeV,L<51fb' ys=8TeV,L<12.2fb"
ttH, WH and ZH couplings = R LA L S S ]
T 8l
(a) (b) g
g : q, ds 3. -
. o Wé--f‘f’---- 61
: i
g dg ay i |
(€) (d) 4 B
W g t i i
N \ LA oL B
q HO . 1
g t - -
e 77 has no tagged channel or i
. 1 1 l-[ 1 11 | | | | 1 111 | ]IIIll]lI|I]II|IIII|III[|]III—
All decay modes are within 1.0-050.0 05 1.0 1.5 2.0 2.5 3.0 3.5
~10 of SM. uggH+ttH
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Vector and fermion

couplings are scaled
by two scale, k,, and
Ke

Agree with SM at ~

lo

Fermiophobic
scenario excluded
at >40 level

Similar conclusions
from ATLAS

November 27, 2012

_ > @
K, K. limits Leeh

CMS Preliminary V\s=7TeV,L<51fb" {s=8TeV,L<12.21b"

.......................................

z SM Higgs @ Fermiophobic ¢ Bkg. only

N
!

&)
i

K (scaling of fermion couplings)

0.5 1 1.5
K, (scaling of vector boson couplings)
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LCSD

* Allow for new particles in the loops: parameterize the photon
and the gluon loops with effective scale factors (KY, K,)

* Allow contribution of invisible decays to the total width
e Other couplings are fixed to the SM

Invisible width

CMS Preliminary {s=7TeV,L<5.1fb"' \s=8TeV,L<12.21b"
1 5.0 BARRREEEE RARREERER ARARD LAAANRERARRRRR -

£ 45k — Observed |3
cﬁ 4.0; ----E'xp.forSMH _
3.0} B
2.0 :
1.0 L.
o5 A7 .

C ‘I—I’\’\l ||||| T FNEEEEEENE N INNERNEE [IEEENEEEE .
0'00 0.2 0.4 0.6 0.8 1

* CMS obtains limit BR,, < 0.62 at 95% CL
e Similar results from ATLAS
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All fitted couplings UCSD

CMS CMS

Ns=7TeV,L=51fb" Ns=8TeV,L=12.1fb™

III|III|III|III|III|III|III|III|III|III "
CMS Prefiminary =125 GeV Model parameters Ass;;i/e% sI;f:-ahng f:lctors
KV ——  65% CL intervals (95% CL intervals)
KF . Awz, Kz Awz [0.57,1.65]
xZ )sz, Kz, Kf A«wz [0-67,1.55]
*g; :K Ky Ky [0.78,1.19]
A = K K¢ [0.40,1.12]
KU —a— Ky, Kg Koy [0.98,1.92]
Ay, S Kq [0.55,1.07]
< — B(H — BSM), k., k, | B(H — BSM) [0.00,0.62]
Kg -
1-BR,,, S Adus Kv, Ku Adu [0.45,1.66]
KT ] A«gq, KVI Kq A«Zq [0.00,2.1 1]
xt I Ky [0.58,1.41]
Kb - Kp not constrained
:; R E— . Kv, Kb, K1, Kt, Kg, Ky Kt [000,1801
KV 111 | 111 | 111 | 111 |ml |1 I | 11 | 111 | [ Kt nOt ConStramed
0 02 04 06 08 1 12 14 16 18 2 Kg [0.43,1.92]
best fit Koy [0.81,2.27]
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First measurement of the parity

e CMS use the ZZ to 4 leptons
channel where all decay

angles are measured

e (Carry out 2D analysis with
versus s/b discriminant
combined with mass versus
parity discriminant :

- -1 . 1 i
B PSM B P]P(mll my, leu) CMS Preliminary \Vs=7TeV,L=51fb"\s=8TeV,L=1221
Pr= Poy + P B {1 Porg(m1,ma, Q|myy) g 30001
GEJ i E SM, 0+
* Plot shows log-likelihood g 2%00F M- ﬂ ‘% The green arrow
ratio between the signal S ool fi[=,  indicatesthe
[ == CMS data
models for 0* and O (E; I rﬂ —|  measurement
e CMS excludes pseudo-scalar & 1500¢ ' L]
. O B
hypothesis at 2.5 o level (CLy © ook L
for 0" is 3%) : —
o | N
* Also possible to use WW, yy 500 I
. B | L
and VBF, analyses are in i Jigetss LY
progress % 20 10 0 10 20 30

2xIn(L /Ly,)
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Summary

e After the discovery of the new boson ATLAS
and CMS have started to measure its
properties

* Branching ratios, couplings and mass have
been measured and (unfortunately) they all
agree quite well with the SM

* First measurement of the parity disfavours the
0" hypothesis
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Outlook

UCSD
A few weeks left of running LHC at 8 TeV
* Followed by two years of LHC shutdown to prepare the higher energy,
resume data taking in 2015:
— CM energy should be between 13 and 14 TeV
* Expect most final results on SM Higgs physics at 8 TeV by next summer
* Current projections for 300 fb! at 14 TeV indicate a precision of O(10%)
on the couplings and BRs
CMS Projection CMS Projection
E>|<pected uncertalinties on | 100" at f§=7anaaTe\I/ — iExpelctedlunC(lartairlltieslon | | 10ft:‘at félvandlaTev | | |_I|
Higgs boson signal strength p zgs:zai :fl:;ez " E Higgs boson couplings 300?’:3’ f:”:ev E
Hoyy : - | Cy : t——H |
H—ZZ : H——H | Cv : 1 |
H— Ww : H——+ : Cg : H H :
Hott | t H | Cq | } H |
H—-bb : : : Cl [ —— |
L | L L L L | L L L L L L L L | L L L L I I I I I I 1 I I I I
0.0 0.5 1.0 1.5 2.0 0_15 1.0 1_15
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Detectors ~

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PoWO, HCAL Plastic scintillator
~ Crystals [, ) brass
c M S ; =" \ sandwich
|
Total weight : 12,500 t { -
Overall diameter : 15 m 3
Overall length : 21.6 m ;
Magnetic field : 4 Tesla IRON YOKE
TRACKERs \
~ ~ MUON
NDCAP
MUON B REL
w i
% 7= Y strips
Drift Tube Resistive Plate Cathode Strip Chambers (cs©)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
-------------- Pixel detector \

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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2012 data taking LCSD
 LHCis running at 8 TeV since beginning of April

* Already exceeded 20 fb! per experiment of collected
data

* Maximum luminosity 7.5 x 1033 cms2s!

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV CMS Peak Luminosity Per Day, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-11-23 10:07 UTC

Data included from 2012-04-04 22:37 to 2012-11-23 10:07 UTC
25 , . ‘ , . ‘

25 9

s . . 1
LHC Delivered: 21.71 fb Max. inst. lumi.: 7.54 Hz/nb 1s

CMS Recorded: 20.32 b !

N
o
A N
O N

[
u

Ul

u

[

o
B
B

w
w

(6]
N
N

=
[

-

Peak Delivered Luminosity (Hz/nb)

o

Total Integrated Luminosity (fb ')

o

N “I o\l 9‘ QI c“'l Ry N | “I o\l 9‘ QI c"l N
\“]\6 ‘\'\\) ,\‘\ N P\) \‘60 \'o \‘“o \“)\6 ‘\‘\\) ,\‘\ N P,\) \‘96 \'o \‘“o

Date (UTC) Date (UTC)
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Pileup

* Multiple interactions occur for each bunch crossing (in-time and out-of-time pileup)
* Mean PU ~10 events in 2011 and ~?20 event< in 2012
,, o l': _I L | T 1T | LI | L | LI LI T 1T T T I:
= - ATLAS Online Luminosity .
XPERIMENT w1201 ]
a - [ Vs=8TeV, [Ldt=14.0fb", qu>=20.0 ]
> 100~ [ Vs=7TeV, [Ldt=52" > = 9.1
g z
£ 80 =
= C ]
-l - _
- 60— ]
(O] - _
° i i
3 40 7
a’ — —
o C ]
20— —
i AN VIS O: (I L1 | L1 | 11 L1 1 | L1 1 | [ T | 1:
. 0 5 10 15 20 25 30 35 40
* Effects of pileup:
) ) Mean Number of Interactions per Crossing
— Sllghtly deteriorates energy resuiuuuii 1ul ciecu VI
and photons and jets Hard interaction
* Apply corrections event by event for photons and jets jet . .
PPY Y P : J Pileup jet

— Adds energy in isolation cones

* corrected for pileup energy estimated event by event

— PU jets affect central jet veto and VBF jet tagging

* Tryto reject PU jets (wider and with tracks coming from different PV)
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H->vyy results: exclusion

c
®)
W
)

Results not updated after discovery papers in July

= 6T T Aﬁ 4; — Observed (Asymptotic) CMSPréIiminary'
\b - Observed CL; limit ~ SM H-yy ] ; 3.5; -------- Median Expected (Asymptotic) Vs=7TeV,L=5.1 ! .
> 5k Expected CL, Mt Data 2011, V5= 7 TeV, L dt = 4.8 f" ] 1 | EEEE *1oExpected s=8TeV,L=531b"
S r Bz Data 2012, /5= 8 TeV, [L dt = 5.9 fb" T g [ JfbBpected
= - [ Jz2 5 i z :
5 B da5E-
3 ATLAS 25k
5 % = 2
23 :;:T 15
i T |
12 1 XOgy
- 0.5}
q10 115 120 125 130 135 140 145 150 %50 B o0 8 30 135 10 YT 50
m,, [GeV] m,, (GeV)
| ATAS cms
Expected exclusion 95% CL 0.8 xSM at 125 GeV 0.76 x SM at 125 GeV
Observed exclusion 95% CL 112.0-122.5, 110.0-111.0,
132.0-143.0 GeV 114-121,
129-132,
138-149 GeV
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H->T1T strategy LCSD

* Trigger important, not fully efficient for hadronic t decays
* Invariant mass calculation

— Use full kinematical fit mV'S'ble mass-— cus s g >
. :: :1.::, g 0_14; -Z—)Tt
—_ MaSS reSOIUtlon: 0.16E— T (m, =125 GeV) 0_12:_ —— H— 1t (m, =125GeV)
15-20% ol
0 20:""'5 [G:\;]o m.. [GeV]
« Background in all channels is SOTE T ety reselon
'g 2 0.14f —4$— Z->ttEmbedded ]
d0m|natEd by Z ->TT ,;: 012:_ ’9 $- Z-ttAlpgen MC ]
s r , 77/ Emb. syst. 1
 Usereal Z->pu events. Replace DY ST [P
muons in data with fully simulated t, oosE &, e
referred as “t embedding” 008 g ;
0.04 . .
002 ° . 3
Obeecngt 100 150 208350

MMC mass m_, [GeV]
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uvbb Candidate

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

Events/10 GeV

Events/10 GeV

ATLAS H->bb channel

1-lepton tag, categorize in pTW

LpAAS paE Rang LAY
ATLAS Preliminary mzH

j’ Ldt=13.0m', (5=8ToV Multijet
1 Lepton 2 Jots, p* v Top
opton 2 Jets, p* <50 Ge! iy

w
-z
z

Diboson
*+= Pre Fit
~4-Data 2012

[NERE FENEE FETEE FEETY N,

20 40 60 80 100 120 140 160 180 200 220 240
m [GeV]

(@) pY <50 GeV

T T T T T T T T T T
E ATLAS Preliminary |
200/ s mvH
Ldte12.0M', {528 Tev Multijet
<" Top
1 Lepton 2 Jets, 100 < p* < 150 GeV o

%a;

~#-Data 2012
¥,
FHM

20 40 60 80 100 120 140 160 180 200 220 240
m; [GeV]

(©) 100 < p¥ <150 GeV

> T T T T, T T T T T T T
© F ATLAS Preliminary -z
O 500 . v
= L jLa':lJ.D ', (s=8Tev Muttijet
= F " Top
2 00k 1 Laptan 2 Jots, 50 < p7 < 100 GoV b
@ F
> F
i} F
"_ Pre Fit
C - Data 2012
F it
20 40 60 80 100 120 140 160 180 200 220 240
mg [GeV]
(b) 50 < p.';?' < 100 GeV
> T T T T T
@ }\TLAS }’rehmlnary [ I
o 70 -t mwH
=) Ldt=13.015", {328 Tev Multijer
% BOE- 1 Lepton 2 Jets, 150 < p}} <200 GeV -:::
2
w 50
40 ---Pre Fit
- Data 2012
30
20
10
=% 0

LJ T T
ATLAS Preliminary

Events/20 GeV

60 80

Ldt=12.015", {5=8TeV
1 Lepton 2 Jots, p} > 200 GeV

Diboson
- Pro Fit
-#- Data 2012

100 120 140 160 180
my [GeV)

(e) pY >200GeV



Untagged

VBF tagged

VH tagged

ttH tagged

Tagged modes

Vs=7TeV,L<5.1fb" \s=8TeV,L<12.2 "

CMS Preliminary m, = 125.8 GeV

| 1 1 |

U
-

November 27, 2012

0 2
Best fit G/GSM

'CMS, other combination compatibility plots

H — bb (VH tag)

H — bb (ttH tag)
H— 1t (0/1 jet)

H — tt (VBF tag)
H — 1t (VH tag)

H — vy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H—ZZ

Marco Pieri UC San Diego

=
LCSD

Tagged modes and
separate decays

\s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"

CMS Preliminary m, = 125.8 GeV
-

——

-
——

I.-!:-.I
0

2 4
Best fit G/GSM
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Couplings CMS at ICHEP =

UCSD
* First measurement of new boson couplings when interpreted as a Higgs boson
* Scale vectorial and fermionic couplings HIG-12-020
by C, and C; (use LO) _
CMS Preliminary c
Production Decay LO SM . \s=7TeV,L=5.11b" 18 4
CY xC% 2 \s=8TeV,L=5.31b" 116 v
VH H—bb |~ S5 ~C2 . .
WH  Hobh | ~ G ~ il 14
VBF  Horr |~ S0k ~C2 12
ggH H— 17 ~ —Q—C’z’gf?’ ~ C%, 10
geH  H—27 | ~SE ~C3 8
ggH H—WW | ~ %Xy %(;‘FC v ~C2 5
VBF H— WW | ~ CexC0 ~ C /C2 4
ool H =~y N Cfvx(s.GCg%—Lscp)z - C‘Q/ )
VBE  Ho—yy |~ CXGSLSCel oy cp 0 | il .
8.0 0.5 1.0 15
Cy

* Best fit: (C,,C;) = (1,0.5)

* Consistent within 20 with the SM Higgs boson Solid contour: 68% CL
Dashed contour: 95% CL

* Frominclusive ZZ->4l and WW->2I2v

+1.1
RWW/ZZ =0.9 0.6
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Vacuum stability LCSD

arXiv:1205.6497
: ( 180 i ! ! & ! Ll " ‘ 10’7 U B 1 " ‘/‘ "ixj_?;_;‘/.'»j_‘_"/‘:l:_'—’:: "» ' ) ‘1010'
200 Instability | i L —— 0
= > . Instability -  _ — = .- Meta-stability. - -~ |
S 150 w%?@\}g g 8 1I5E- R
< WL _§ = I L ir; .- -
yZ @ e - G
] 100 (| Stability 2 = _ ‘:// :
0 o N L ) ) ) s ]
< g g 170 .- et o ;
= - 2 K 12-° "-' . 1
50 i = g? i 10 ” Stability ‘
e s . ]
0 50 100 150 200 115 120 125 130 135
Higgs mass M), in GeV Higgs mass M, in GeV

Figure 5: Regions of absolute stability, meta-stability and instability of the SM vacuum in the M;—
My, plane. Right: Zoom in the region of the preferred experimental range of My and M (the
gray areas denote the allowed region at 1, 2, and 30). The three boundaries lines correspond to
as(Mz) = 0.1184 £ 0.0007, and the grading of the colors indicates the size of the theoretical error.
The dotted contour-lines show the instability scale A in GeV assuming as(Mz) = 0.1184.
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Z(I'T)H(bb)

Z(vw)H(bb)

W(Iv)H(bby)

November 27, 2012

CMS H->bb

(s=7TeV,L=5.0fb'Vys=8TeV,L=12.1b"

4

CMS Preliminary my =125 GeV
| E—
T —
—
1 1 1 I 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1
-2 0 6

2 _4
Best fit O’/GSM

Marco Pieri UC San Diego
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ATLAS ZZ additional UCSD

Best fit value at m,=125 GeV (lowest p-value):
1.4 +£0.6

o [T T I L | L L | L | L L
o
e S 3102§—Observed ATLAS E
S 4 H o 279 o al E S [ Expected H— zZ"— 4 i
S 3.5F —~ Best Fit = — 10; — Observed free ZZ  |s=8 TeV:[Ldt =5.8 fb™*
o 35 [J-2InA(w) <1 ] e Expected free ZZ -
5 250 ATLAS £ 3 S
S of (s=7TeV: fLdt=481" - 1o
» 2 (s=8TeV: [Ldt=5.81b" - 2 -
1 5;_ _; > 5 120
1 JRR, -~~~ 3 107¢ 3
R Vo .
-O.Sf_lllllllllllll IIIIII IIIIllI lll_i 10-4? _g
110 120 130 140 150 160 170 180 52 l | \ ‘-] | Hf l | 140
10 111 | .| | | I I | 1 I | L1 1 1 L1 11
my, [GeV] 110 120 130 140 150 160 170 180
my, [GeV]
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CMS H->2Z->4]1 MZ2 vs MZ1

CMS preliminary Vs =7 TeV L =5.1 fb'' ,vVs =8 TeV L = 12.2 fb"!

— .mH ) 1 26 Gev

120Tll]x"lI‘Vl|II‘III,VIlYIIlII}TIIYl’IIII

1

]

lilllllllillllllllll

!

> B
8 | | ® de
=~ 100}
o [ | @ 4u
N u
E | | @ 2e2u
60}
B o
40
@
20/
e | g
40 50 60
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Couplings to W and Z

Custodial symmetry

boson scale togetherin L sop=— et

c 450 — Observed B

SM ﬁ 405_ --- Exp. for SMH |-

Parameterization: 350 -

3.0 =

—kF, KZ, A,,,=KW/KZ 25¢ :

: 2.0f £

— KF, KZ profiled L5 E
Result are consistent 1.0p

. 0.5 =

with SM: N LN/ 1

"0 0.5 1 1.5

95% CL
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Unconverted

—@=
central low P. . 7/
Unconvertedn [ : 722; ATLAS o
central high P_ _’—22

Unconverted | ﬁ;?ﬁ Data 2011+2012 ]

rest low P, : 7

Unconverted | 7 N

rest high P_ ' 22 —

Converted | 7/ o o
central low P, : 22 1
Converted P/ \s=7 TeV, | Ldt=4.8fb

central high P_ : % 5;
Converted | : 7 o
rest low P : 7/, -1
Conver’(edTt B . 22: \{g =8 TeV, f Ldt=5.9fb —
resthighP_ | —"—22 N
Converted 7/
transition | 7 d SMH-— YY ]
2-jet -%;4-0— (mH =126.5 GeV)
p——e e e e e e ccc e e e - it s7 7 Sttt ittt —
' VL
Combined vs
omoin 1 1 I 1 1 1 1 l l%_: 1 | I 1 1 1 1 I 1 1 1 1
-5 0 5 10

Signal strength (u)
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ATLAS ZZ mass resolution

-
®)
%)
)

o
—
N

NI L I L L L L L L L L L L

o
-

> i l—; > =TT17T ] LB I LN I LB I TT1 171 I TT1 17T I 11 > 0 08__‘ T 17T | UL I LI I TT1rT ] L I UL l T :
& [ ATLAS ] & [ ATLAS ] & VCF ATLAS ]
0.4 Simulation ] 0 - Simulation 1 © 0.07F Simulation -
R . ©0.08[ - o E ]
~ L ® my=130GeV i ~ ® m,=130GeV - ~ . ® my=130GeV ]
S -~ Gaussian fit 1 S - Gaussian fit 5 0.06F — Gaussian fit ]
@ 0.08 ] « L @ g 1
[ H>ZZ'—4u (s =8TeV) ] 0.06 | H—ZZ'—>2e2u (/s =8 TeV) ] 0.05 F H—Zzz'—4e (s =8TeV) E
0.06- . L ] e 3 E
[ m=(129.72 = 0.03) GeV 1 - m=(129.16 = 0.04) GeV . ““7T m=(128.35 = 0.07) GeV ]
[ o=(1.78 +0.03) GeV ] 0.04 5= (2.02+0.04) Gev . 0.03F o= (2:460.06) Gev E
0.04 fraction outside = 20: 19% ] | fraction outside = 20: 22% i ""F fraction outside = 2: 20% 1
- ] - 4 0.02} =
0.02 i | 0.02- : B - # 1
"7k with Z mass constraint 0 . | with Z mass constraint ™ 0.01F with Z mass constraint ¢¢ =
i i L _ » LN ]

gO 90 100 110 120 130 140 150 gO 90 100 110 120 130 140 150 gO 90 100 110 120 130 140 150
m,, [GeV] m,, [GeV] my, [GeV]
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Production modes

OggH
SM
OggH
OVBF
SM
OVBF
OWH
SM
OWH
OZH
SM
O7H
OttH
SM
UtEH

Il

Coupling scale factors

SM
Kg 1_‘\;\/vv(*)
KVBF (KW ,KZ, TH) M
ZZ™)
K%V Fbg
[SM
bb

{ Kg (Kb, K, T05) Dwwo

K% F‘t_‘t+
sM

Tttt

November 27, 2012

Detectable decay modes

9 Lt
- W ™M T
™A
tt
= 2 Tee
PSM
gg
2 FCE
= K —
° I
2 ss _
= K SM
FS§
_ { KYQ(KbaKt)Kt’KW)mH) Fu._u+ o
- ) —
K FSM
! put
. K(zzy)(Kb,Kt)Kt,KW)mH) .
= 2 Total width
(Zv) r
H
SM
PH

Marco Pieri UC San Diego
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Currently undetectable decay modes

K

see Section 3.1.2

KI2-I (Ki ’ ’ITI,H)
K
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Individual couplings

UCSD
e 6 scale factors:
— KV, kt, kb, KT, K8, KY

* Fit them individually while profiling the others

B R | 5.0 Preimina ATASE 307 (50 Tow 1< 12205 : I E A e Tl s 22! 2
s B =0 S R ey s e |
o 4.0F \ T E o~ 4.0F . -- Exp. for SM H ) ~ 4.0b | Exp. for SM H B
" asf ‘- ; : " 35 ; ] Cas | ]
3.0F 3 3.0f E 3.0f " / ]
250 R 25F E 2.5 ‘ : -
208 j E 2.0F £ 2.0 ' ; ]
150 ' A 150 £ 1.5) ]
1.0F 1.0f 1.0f
0.5F | 05 £ 0.5 X ]

0.0p g sy 0.0y g g I s 0.0y gy ey gy
K’V Kg Ky

oI T S i e YL R A A AR G T _y 5Ty oo Tt se b is o T Lz 2o
£ 45k —Observed g £ 450 — Observed H £ 450 — Observed E
§ 4_0§ -<Exp.forSMH‘§ cﬁ 4.0; --Exp.for?MH A :1] ok -~ Exp. for SMH _
' 35 " 35 Y= " asf .
3.0F} s 3.0F A 3.0F .
250 ] 2.5f 7 2.5F i
2.0f = 2.0f- ' E 2.0f E
151 ] 150 b 1.5F E
1.0F 1.0F : 1.0§ ,
0.5} E 0.5 E 0.5)- E

S B 3 00y T s 00 ===y
Ky K, K,
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CMS Preliminary {s=7TeV,L<5.1fb" \s = sTeV L<122fb’

CMS Preliminary {s =7 TeV, L<51 fb \,s 8 TeV, L<12 2fb
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Glossary LCSD

* BG: background
e MVA: MultiVariate Analysis

— usually Boosted Decision Tree (BDT), could also be
Neural Network (NN)

* VBF: Vector Boson Fusion process

* P-value: probability to observe a background
fluctuation from background only, larger that the
one observed in data

 VH: WZ, HZ associated production
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