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Discovery!

 After last winter’s preamble, great excitement last summer
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Overview

« History: this past summer’s discovery, and why it was
so long-sought

« Updated H = WW — Ivlv analysis

— Motivation; role in the discovery
— (Candidate event identification in light of detector and LHC

— Background estimation vs. systematic uncertainties
« Latest results from ATLAS globally
« The way forward

« (Along the way: hints of results in the pipeline)
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The History
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The Higgs Mechan

Gauge invariance does not allow o
fundamental particle masses: instead, |
generate masses through interaction

with a scalar field
s Cround state is not zero-field == N\ 2 — _
e e Im(¢)

— Breaks the electroweak symmetry
Re(¢) A

v\’ Y. - T _\T -
—(81 5) B ,B" -gg, e ¥: —85(5' W“)(E' W“)]¢2

L=

“vacuum expectation value”

V2

Interaction with nonzero field

permeating space generates mass .
o - ¢

— Minimal implementation: complex o=,
scalar doublet ¢

— Other possibilities exist

) choose (¢) =
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Conseque of FEWSB

e
« Vacuum expectation value enters W+
electroweak interactions, can measure! Ve
« Best constraints from muon decay o \_/M
* 37
v=(2G,)"*~246Gev | M o _1927°n"
_ 4

« W and Z masses related by weak
mixing angle 6,

8
M, =M,cos(6,) cos(8,)= ,—g2 -2|-g2
1 2

Electroweak symmetry breaking is experimentally verified
— Strong evidence for the Higgs mechanism

— Question: what is the nature of the Higgs field?
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The Standard Model Higgs

« Focus now on the simplest implementation: the Standard Model
Higgs mechanism

« Four extra degrees of freedom in the complex scalar doublet field

— Only 3 needed to give mass to the W and Z
— Fourth is a physical scalar: the Higgs boson

« For every massive particle, an interaction with this new scalar

— Interaction strength determined by particle mass and VEV 'V

« Only thing not determined: the mass of the Higgs boson

vV f ~H
V4
</
H === H ==== H ===
\\
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< my [V v cm,/V *f <my/V H
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How to Make a Higgs Boson

« Colorless particle = no (direct) strong production
« Recall: coupling strength oc m?

— Interactions go through the heaviest available particle

associated production g gluon-gluon fusion (“ggF”)
t
t H_.
g t
q q’
vector boson
fusion (“VBF”)
q q”
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LEP: not quite enough energy

 Early high-mass search

* my < m, ruled out by non-
appearance in Z decay

e LEP: ete collisions at
Vs = 189-209 GeV

« Four experiments’
combined direct bound
my > 114.4 GeV

— (209-91=118)
« In the end, limited by

machine energy 2
1 -
« Did not quite reach :
0 PR i M L I P PR | - s "

expected BG-only limit of L
115.3 GeV myrec (GeV/c")

7 _ LEP  s=200-209 Gev Tight

4 Data

T[] Background
- [ Signal (115 GeV/c?)

[ all > 109 GeV/e?
4 Data 18 4
| Backgd | 14 12
3 [{Signal 2.9 2.2

Events / 3 GeV/c?
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Tevatron: almost, ..

« 2 TeV proton-antiproton

« Cross section for ggF @
125 = 0.95 pb

— compare 20 pb at LHC

Tevatron Runll Preliminary

« Added sensitivity at low
10 L<10.01b"

mass from associated
production searches

(owy = 0.13 pb)

Background p-value

e Final combined CDF+DO0
Run Il significance 2.50
(2.90 considering bbbar

alone)

m— 1-CL, Observed
----- 1-CL, Expected

[ Expected +1 s.d.
[ ] Expected£2 s.d.

June 2012 Higgs Boson Mass (GeV/c?)
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20

3o

4c

25 February C. Mills (Harvard U.)

10



The Machine




The Large Hadron Collider at CERN
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An Unprecedented Dataset

« Opened the throttle: > 20 fb' for analysis at 8 TeV (2011: =5 fb
at 7 TeV)

« 2012 Instantaneous luminosity record = 7.7 x 1033 cm-2s”!
(2011: 3.7 x 1033 cm2s1)

I I I I I I I

ATLAS Online Luminosity

2010 pp \'s =7 TeV
2011 pp \s = 7 TeV
m— 2012 pp Vs = 8 TeV

w
(9]

« 1380 colliding
bunches (2011: 1331)

« up to 1.5x10" p/
bunch (~ same in
2011)
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The ATLAS Detector

Muon Detectors: large radii for precise momentum measurement

Precision: Drift tubes (MDT) and Cathode Strip Chambers (CSC)

Trigger: Re3|st|ve Plate Chamber (RPC) and Thin Gap Chamber (TGC)

—=pid ATgon (LAT] With Tead absorber |

‘ Solen0|d

\

| w,,[ i) \;

| =]

CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Toroids

Inner Detector (tra

Kirk

Shielding

Pixels (silicon)
SCT (silicon strip

TRT (straw tubes

25 February

Hadronic calorimeter (jets, hadrons)

Steel absorber + scintillator
LAr with copper/tungsten absorber
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Hadron Collider Kinematics

Muon Detectors E

n = —In(tan(6/2))

"”:—OO
0=m
beam axis
—> z
AAAAAA ’r’=+OO
= —— 6=0
!/b‘;V//'*\.

==

>

/
|

i Inner Detector ieldi
Barrel. Tereid Hadronic Calorimeters ShiEiding

pr =(p,,p,) p, =psinf@, E,.=FEsin0
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Recall: coupling strength oc m?

— Interactions tend to go
through the heaviest
kinematically available particle

bb and TT: largest BRs at low
m,,, full my reconstruction, =
huge continuum background

(\os
| i
O
(op

Bt:

‘1 ]
N
N
|
LHC HIGGS XS WG 2010

g
10%F E
t b
t —H__< Y ZY
g t b 10-3..1m111
100 120 140 160 180 200
M, [GeV]
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How to Detect a Higgs Boson
° Y

H
T Branching ratio set by m,;:

Yo,

U) | | T T T I T T T T T T w §
L 2 F WW 13
YY: good sensitivity at low my,, full my, g |
: o) - 18
reconstruction from photon 4-vectors £ | vt
o ~
\ (- 1l 1T Y _
= T o ('5 1 0 = — .

E 7000 =5 Selected diphoton sample ] 5 E _ ~ ~ ]

o 6000 e  Data201142012 LCC ]

~ - Sig+Bkg Fit (mH:126.5 GeV) = B |

% 5000F—  TRgy | reeeeeees Bkg (4th order polynomial) —
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e
2000 \s =7 TeV, J-Ldt =481’ — - :
10002— \“s=8TeV,JLdt= 13.010" —g B Y ZY i
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m,, [GeV]
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How to Detect a Higgs Boson

Z7: 41 channel has excellent S/B,

and best re§olution for my, Branching ratio set by m,:
reconstruction

Note: m,, < 2M, = one Z off-

—
T

U) | T T I T T T T T T KE
S f =
shell % | bb WW 12
2 | | 2z 4
£
£ 1qa %
] = = =
N F ~+> ]

e

102F E

H I Y Zy

t -
Z*) + -
t A 7. m

1 O 3 | | | | I | |
_ 100 120 140 160 180 200
4 My [GeV]
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How to Detect a Higgs Boson

WW: good channel for discovery:
sensitivity at many m,,, but cannot
fully reconstruct m,, in Ivlv final
state “no mass resolution”

|

1 L1111
LHC HIGGS XS WG 2010

WW

N
N

ranching ratios

| IIIIIIIl

1 IllIIII|

1 1 1 1 l 1 1 1 I l 1
100 120 140 160 180 200
M, [GeV]
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WW* = [vlv

« The price at low m,;: one W off mass shell = no mass resolution, soft
lepton from W* requires increased backgrounds to maintain efficiency
« The payoff: still better signal/background than yy and more signal yield
than ZZ — 4| for m,, ~ 125 GeV = contribution to discovery
—  Post-discovery: key channel for rate (u = o/0s,,) measurement
) Y LA L L I B UL RN BRI NUNLELELE o - . .
< . [ ATLAS 2011 + 2012 Data : g T EREE]-
8 151 ’ ' — = [ bb WW 1¢
Q T [Ldt~46-48f" Vs=7TeV |Ldt~5.8-591f"s=8TeV | © - 1e
g i | o 77 18
= | ---Expected Combined --- Expected H— ZZ* — Il --- Expected H— bb | ~22°/OE = —§
c L i o S
% 10__ ---Expected H — vy --- Expected H - WW* — Iviv Expected H — 1t __ g 10-1 E_T‘c = 9p _E
' D T 5 @ Fee .
13) S P Ll i L ]
c =T L i
- “"--__:::H:,..----‘“-' |
______________ ] 10'25* E
:1. 1|1|1||: 10-3: .../..IH NN | S
110 115 120 125 130 135 140 145 150 100 120 140 160 180 200
m, [GeV] 125 M, [GeV]
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The Details




° , l Final-state signature:
t H v 2 charged leptons +
t T W* 2 neutrinos
t { (soft)
9 j v
. % u.14 N | |
no jets at i £ 02l Lrouteg rvne
leading order o LLZAG Y g oo
initial state Ao

M, = 130GeV
CTEQ 6.6

Transverse mass M;: Like invariant
mass, but drop missing p,

IIIIIIlIIIIIIIIIIIIIIIIIII

LAY80E"L0C) wol

information o

Signal discriminant: fit this 0 '
distribution for signal extraction my
M]% _ (E;if + E;liSS)2 _ (p]lif + E;liSS)Z (E]!iﬁ)Z _ (ﬁiﬁ)Z + (mgg)Z
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The scale of the challenge

g 10° oo ATLAS Prelifninaw
_(—'U — 35pb’
3 - . LHC pp Vs =7 TeV
© " B 35pb’ Theory
10 = o Data(L=0.035-4.6fb )
- LHC pp Vs =8 TeV
103 §_ mem Theory
- 5.8 fb! * Data(L=58fb ")
B S _ , _
= . 581!
10° 1.0 b T
— 1.0f" . ]
B . i 46fb" = i .
10 = 4.6 b’ . X
= 21" %
- 75" > G(pp — H) X
: BR(H — WW)
1 W z {t t Ww wz Wt 7z =20 pb x 0.22
=4.4 pb
(at 8 TeV)
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What Matters?

Signal WwW WZ|ZZ| Wy 7 tWith[igb Z]y® +jets W +jets Total Bkg.

H+0-jet | 45+9 242+32 264 162 11+2 4+3 34+ 17 334+28

H+ 1-jet | 186 4022 10+2 3713 1317 2+1 11+6 114 + 18

e Bottom line: S/B ~ 15%, so BG must be small or well
understood

— Estimate it reliably (small uncertainty) or knock it out

« Key examples:
— WW: relatively well-understood but not small

— Wh+jets: small but large systematic uncertainty
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Backgrounds

Z/y*: no neutrinos
q

ZIy*

O|

Q|

WW: irreducible

W+jets: fake leptons

¢ 9 e

top: has jets

b

25 February

C. Mills (Harvard U.)
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« Lepton selection dictated by
signal acceptance and W+jets
rejection

T T T T 71T I| T T T T 1T II
S J L~40pb"
EF_mu15

« Electrons selected using most
selective ID: calo shower
shape, track match, conversion 102l
rejection i

v
J Y(\§Zzs)

dN,,/dm,, [GeV]
2

IlIIIllI ]lIIIIlII Il[lIIl[I IllIIll]| IlIllIlII L1

¢ Muons selected as combined ID, 1 _ ATLAS Preliminary
MS track (incl. d, significance) o1 Data 2010,\5=7 TeV |

e track- and calorimeter- based 1 10 107
. . m,, [GeV]
isolation

o pq(lead) > 25 GeV, p,(sublead) > 15 GeV reject low-mass

resonances
« m(l) > 10 GeV for eu+ue (12 for ee+un)

e (no) Taus
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Events / 5 GeV

)y selecting MET

I
o
ol
I
N
N
iié

x10°
500 e e 2 sM(sysosmy

ATLAS e Data ; sys @ stal . )

B I Diboson [ Top ] dilepton data is all Z/y* (Drell-Yan)...
400}\s=7TeV,ILdt=2.05fb E@Jjeetfs 1.2 H[150 GeV] _:

FHOWWopwy ] ... but Drell-Yan has no neutrinos so
300F E we can reject most of it
200 -

- . Py W — by
100(— — 5

0 50 100 B0 550 """ 550

m; [GeV]

Detect neutrinos by invoking
conservation of momentum in the
plane transverse to the beam:

o miss — object
ET - EpT

objectsi

“Missing Transverse Energy”
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MET =2 METRel

ATLAS

A EXPERIMENT

Z — pu~pt 4 3 jets

Run Number 158466, Event Number 4174272 |,
Date: 2010-07-02 17:49:13 CEST

But objects’ energies are not
measured perfectly

METRel: stricter E;™ if pointing i e W T !
near an object L

T, rel mlss

- E™ sin(Ag) = 7 /2
sin(Agp) sin(A@) <m/2
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Select MET to reject Z/y*

Entries / 4 GeV

Events / 4 GeV

T T T T T T 7
10°E- ATLAS Preliminary o osa 2 SM (o sia 10
B ww [l WzZ/Zz/wy
10" E-\s= 7TeVJ-Ldt 104" i [ singeTop 10°
108 - HoWW—sev ev B Z+jets [] W+ets
105 [CJH[150]

10°

Events / 5 GeV

early 2011

0 20 40 60 80 100 120 140 160 180 200
£V [GeV]

L B e e e . B e s e
—-9- Data %4 SM (sys @ stat)

10°

10%

E T T T T I T T T T I T T T T I T T T T I T T T T
-6 Data %% SM (sys @ stat)
ATLAS Preliminary g m wzzzwy

E [ .

= \s=8TeV,|Ldt=13.0f" [J& [ SigeTop
) Bl Z+jets [] W+ets

E HoWW —evuv/uvev ] H (125 GeV]

2012 > ep

IIIII|,|,|| IIII|,|,[|] IIII|,|,[l| IIII|,|,|1| IIII|,|_l|| Lo

10°E ; v vz 1

JEis=7TeV[Lat=47tb O [ sngeor 10 ‘
10" Efoww ' Sevev B ziets [ Weiets 0 50 100 150 200 250
1 06 ) Hi125 Gev)

all 2011

10*

20 40 60 80 100 120 140 160 180 200
ETe [GeV]

ETrar [GeV]

e Omitted ee+uu in 2012 so far
« Work in progress includes

track-based variables for
pileup-robust DY rejection
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Analysis by Njet

i) —_I L e /' [T T I_—

o ggF signal mostly has zero ~ §'*°%°F ATLAS Preliminary gy bie = oo =
. . L B - i ingle To ]
jets = use data with zero or 12000 ‘*”ﬁ}”“"t:”"’f“ LN M

. - H->WW' '—evuv/pvev [CJH[{25GeV] -

one jet 10000}~ ) -

« Jets: anti-k;, cone 0.4 5 N, after METRel -
—  pr>25GCeV (p;> 30 GeV for : =

In| > 2.5) E

— |n| < 4.5 (edge of calorimeter) A E

M U S

0 2 4 6 8 10

2

©
=2
7]

« Control top BG, for a price (systematics)
— experimental: jet energy scale and resolution (4% on 0-jet signal
yield)

— theoretical: QCD scale uncert. of 17% and 30% on 0O-jet and 1-jet
signal yield (partially anti-correlated; reduced impact on total signal
strength)
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Signal and Backgrounds — Z/v*

« Zory* produced with zero

jets tend to produce back- e*: spin %
to-back leptons right-handed
— Signal tends away from back-
to-back leptons because of spin 1 v: spin Y
spin-0 Higgs left-handed
I spin 1
P e : spin %
left-handed
< W- >
v: spin V.
» solid arrow = momentum righEhanaed
|:> open arrow = spin
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« Zory* produced with zero
jets tend to produce back-
to-back leptons

— Signal tends away from back-
to-back leptons because of
spin-0 Higgs

Signal and Backgrounds — Z/y*

e*: spin -
right-handed

spin 1

e : spin %
left-handed
» solid arrow = momentum
|:> open arrow = spin
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Events/ 5 GeV

p-(ll) and 7 — 1r

distributions after jet veto

900 —T l — T | T I —TT I —TT I —TT l T l T ™7 I I_.'— g : T T T T I T T T T [ I. T .l T I T T T T I T T /l T I IS |S lsla | I:
soor. ATLAS Preliminary g e S0 & o q400f ATLAS Preliminary g o8 &z, -
(s=8TeV,| Ldt=13.0f" [Ji  [E@SingeTp § 5 C \s=8TeV,| Ldt=13.0fb" CJ&  [@@SingeTop -
HosW (.)_)ev . B Zsjets [] W-+ets 3 — 1200__ *) ) B Z+jets [] W+ets —
uv/uvev (0 jets) B H(125Gev] o - H->WW '—evuv/uvev (0 jets) B H125Gey]
— [ | -
' 3 9 1000F
E BT
E 800F- 1.8 2.8
3 600
E 400F-
- 200F-
40 60 80 100 120 140 160 O - T
30 P|1I- [GeV] A¢” [rad]
e Most Z/y* background in eu is from Tt
— Spin correlation still holds
— (0 jet: reject by requiring p(ll) > 30 GeV
[}

Normalize remaining BG using data with m(ll) < 80, Ag(ll) > 2.8
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W+ X

«  Wijets: “fake factor” (ratio of identified to anti-identified leptons in a
QCD-enriched sample) multiplied by W+anti-ID distribution

—  50% err. on fake factor (sample dependence, EWK subtraction, pileup,
trigger bias)

— 5% uncertainty on total BG yield. 0, 1 jet bin: compare 8%, 16% total!
« Validate in same-charge events (below: after METRel, jet veto, p(ll))

> g0 T T T T
& - ATLAS Preliminary g pue = 00 om0
E 50 \s=8TeV,ILdt= 13.0 fb” Dg.t Dj\;nglfTop = N
£ - HoWW Sevpv/uvev (0 jets) = EHst aov] ote:
S a0 / - - peak at m;~125, like signal
L - 7 ) -
- - - same sign dominated by
30F = :
- ; non-WW diboson!
201 =
10 =
50 100 150 200 250 300
my [GeV]
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m(ll) and WW: control regions

« WW is the dominant background

« Reduce uncertainties by normalizing WW background to data in
signal-depleted “control regions” CR

— Extrapolate in m(ll) uncertainties:
extrapolation

> [ L T AL N N B B B I L B B
3 B imi ata % sys @ stat) - . .
& 500~ ATLAS Preliminary & i & vooow, [experimental + theoretical]
= " \s=8TeV,| Ldt=13.0f" [Ji  [DSngeTop -
- ~ *) . B Z+jets [] W+ets i
£ 400 H- —evuv/uvev (0 jets) @ Hi25Ce] e
> - . N
1 - : SR data other
" 300F - N = NMC (NCR = Neg )
B i CR f
200 =
. CR statistics
100 =
. “background
: = subtraction” or
“crosstalk”

<
signal region 50 80 control region my [GeV]
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T | T T T T T T T T

i) T T T T T T ) B

considerable 54000 ATLAS Preliminary & 0 2 Stioreesa

| - } ; ]

i T 12000(~ \s=8TeV,[ Ldt=13.0fb" i  ESngetor ]

;Ignal Ii)ut tt OﬂlY 10000: H—)WW(*)—>evl,w/p_vev B Z+jets Ell\:va]eztssGeV] i

as to lose one Jet = g E

o Nj.; after METRel -

6000+ =

4000 _f

2000 H -

0 2 4 R EREECE

1 2 ,Vjets
25 February C. Mills (Harvard U.) 38



But these jets are not the
same: t = Wb always, and
we can tag b-jets using
Impact parameter +
secondary vertex information

p
;
.
p
,
.
y
’
y
.
’
p
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’
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p
p
p
p
p
p
,
/
p
p
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Secondaty Vertex
//—’_—:‘0
SR
Paiy
P K
P K

e e
. R
- g
I 7
POt s
< 0

prias \ 7.4
. B /0
, Py
/ A
Track

Primary Vertex

Decay Length

Multivariate algorithm
“MV1” is ATLAS benchmark

Impact
Parameter
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[-jet analysis:

Veto b-tagged jets for signal region

top and

the b-veto

—  85% b-jet efficiency operating point = aggressive veto, only 85% efficient for

signal but rejects 75 % of top background

— Even with veto, largest background in 1-jet SR, 44 % of total

Tagged events form control region used to normalize background

Total uncertainty on 1-jet top = 37% (uncertainty on eff. 5-10%)

b-tagging is leading systematic on 1-jet background yield, at 11%

> 400_ | T T T T | T T T T I T T T | T T T T I T T T T > F | T T T T | T T T T | T T T | T T T T | T T T T :

@ C P - Data %% SM(sys®stat) T ) 80 e - Data %% SM (sys @ stat) —]

O 350F ATLAS Preliminary g w9 wzzzwy 4 0 - ATLAS Preliminary g w1 wzzzwy -

- C \s=8 TeV,J Ldt=13.0f' [Jt [ Single Top - ~ 70 \s=8TeV J Ldt=13.0fb" [+ [ SingleTop ~ —|

~ 300 0 . B Z+jets [] WH+ets = ~ C *) . B Z+jets [] WHjets ]

% E H>WW' '—evuv/uvev (1 jet) B H25Gey] *8 60F- HPWW' ‘—evuv/uvev (1 jet) B H125Gey]

TT Q osob L& 3 ¢ - ]

uA] C :.{/,/1/ ] L 50 —

_ 200F- K. b-jet tag P b-jet veto :

normalize - Y : E 3

150 — 30 i

background - ’ 4 ] = ]

. . o ) A 7% ] F .

prediction to 199} ol _ 201 E

CR data, 50E  of* .. 10F- 3

scale by ~1.03 [.eEm====m E—— £ E
50 100 150 200 250 30C 300

my [GeV] my [GeV]
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Theoretical uncertainties:
« QCD scale and PDFs

_II|||I|ll||IIIIIIIIIIIIIIIIIIIIIII|]l|||_
- ATLAS Preliminary X Daa 7 SM(yeesia) J

140 W ww [ wzzzwy
. \s=8TeV,[ Ldt=130f" 1 Esnderp
. * +ets +ets
« Parton shower and underlying event: W soviuven (1joy T2 BN

Events /10 GeV
o
o

Pythia8 / Pythia6 / Herwig
« Modelling and shape: MC@NLO vs. MCFM 80

TrTT [T T T[T TT[TTT[TTT[TTT]TTIT
| I | I | [

Il|llllllllllllllllllllllll

60
WW background extrapolation uncertainties 40
Scale | PDFs | PS/UE | Modelling 20
) | 25% | 3.7% | 4.5% 3.5% R et
ﬂ-’W ) : ’ ' 050 150 / 200 250 300 350 400 450
ol | 4% | 29% | 45% | 35%
\ )

summary of uncertainties: correlations

correctly treated in
Background. Stat. (%) Theory (%) Expt. (%) Crosstalk (%) %tal (%) fit- total 1-jet BG
WW, H+ 0-jet 3.3 7.2 1.5 6.2 ¢ 13 Uncertainty is 16%
WW, H+ 1-jet 9 8 12 34 54
top, H+ 1-jet 2 8 29 1 37
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The Results




Events / 10 GeV

Events / 10 GeV

ObservedﬁT Distribution

240F

200FE- ATLAS Prellmlnary ;va‘j ﬁ;“ggmsim

_

10

2005— \s=8TeV,[ Ldt=13.01b" E 0 g sinle Top —E
180 Howw evuvivey (Ojets) s summed 0+1 jet background-
160 =
140F = subtracted data
120F =
100 ;_ _; % B | T T T T | T T T T I T T T T I T T T T | T T T T ]
80 = 0] 120 — ATLAS Pre“m'nary —+— Bkg. subtracted data ]
60 E — . -1 ]
“0F E = 1o0[- \s=8Te*V,det=13.0fb [ ] Huescev) E
20F- = % C Howw! )—>evuv/uvev (0/1 jets) .
0 556300 g 80 B
[GeV] H B N
mr 60— + ~
F L L I B .
80F- ATLAS Prehmmary e 40 + =
70F \s—8 TeV,[Ldt=13.0f" [Jd [ SngeTop - -
C ) . B Z+jets [] WHiets ] B 1
60F- H>WW' —evuv/uvev (1 jet) B Hi256ey] ] 20 — ]
3 E - + .
S0 E OF ESaame as MR
40 ;_ _; _ I 1 1 1 1 I 1 1 1 1 I I_"_I 1 1 I 1 1 1 1 I 1 1 1 1 N
aoF- E 50 100 150 200 250 300
20%— _ my [GeV]
.

100 150 0 ] 300/

my [GeV]
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Statistical Interpretation

Profile log likelihood L(u,8) is our model of the data

Product of Poisson distributions describing number of events in data
and Gaussian distributions describing systematic constraints

Fit for free parameter signal strength p = ratio of observed signal
yield to SM Higgs prediction

Systematic uncertainties represented by nuisance parameters 6

« Key quantities:

—

95 % confidence level (CL) excluded cross section (or mass; more
on the next slide) = exclusion

Significance p, = probability that the observed data generated by
background alone =2 discovery

= uses test statistic qu = —21n (L('u, 9#)/_[:(/'1, 9))

Best-fit signal strength u > consistency with Standard Model
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The Bottom Line: p,

Signal WwW WZ[ZZ| Wy 1 tW/tb[tgb Z|y" +jets W +jets Total Bkg. Obs.
H+0-jet | 45+9 242+32 26+4 162 11+2 4+3 34+ 17 334+28 423
H+ 1l-jet | 186 40+22 10x2 3713 1317 2+1 11+6 114 + 18 141
° T T T T T T L B

= 10°F ATLAS Preliminary for m, = 125 GeV:
g 10; H-WW" —evuv/uvev (0/1 jets)

107 15 =8 Tev: [Lat= 13 15" « observed p, =4 x 103 (2.60)

10

~Obs. 8 +1
10F ~Exp m 125GV [Jize « expected p,=3x 102 (1.90)

(ICHEP values, 2012 only):
3.10 observed, 1.60 expected

107, .

1 1 1 l 1 1 1 1 1 1 1 1
100 120 140 160 180
m, [GeV]
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Signal strength (u)

ignal Strength and Systematics

uncertainty on signal and background

yields by source:

- [ L B L AL BB 7

6I— ATLAS Preliminary .
H-WW" Sevuv/uvev (0/1 jets) 3 Source (0-jet) Signal (%) Bkg. (%)
5 's=8TeV: [Ldt = 13 o = Inclusive ggF signal ren./fact. scale 13 -
—— Obs. best fit ] iatd ; _

4 D92 () <1 E 1-jet incl. ggPt signal ren./fact. scale 10
—— Exp. best fit m =125 GeV . PDF model (signal only) 8 -
3 — -2InA(u) <1 B QCD scale (acceptance) B -
] Jet energy scale and resolution B 2
5 B W+jets fake factor - 5
] WW theoretical model - 5
1 — Source (1-jet) Signal (%) Bkg. (%)
o 1-jet incl. ggF signal ren./fact. scale 26 -
E T 2-jet incl. ggF signal ren./fact. scale 15 -
115 120 135 130 135 140 145 150 Parton shower/ U.E. model (signal only) 10 -
my [GeV] b-tagging efficiency - 11
\ PDF model (signal only) 7 -
QCD scale (acceptance) 4 2
M = 1 5 + O 6 Jet energy scale and resolution 1 3
W+jets fake factor - 5
. . WW theoretical model - 3
- or, in more detail -
_ +0.35 +0.41 +0.28 .
pu = 1.487 33 (stat)” 3¢ (sys theor) “ )57 (sys exp) + 0.05 (lumi)

25 February
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The Question




 Standard Model-like Higgs can’t be the whole story
— What about dark matter?

— [f this is a fundamental particle and a scalar, what stabilizes
the quantum corrections to its mass?

« But is this a Standard Model Higgs boson? We don’t
know

 Precise Higgs measurements may show the way
forward
— Mass and global signal strength
— Spin and parity: Can we firmly establish 0*¢

— Test interactions with existing particles: new particles in the
loop?

25 February C. Mills (Harvard U.) 48



lesting the spin

SM Higgs is spin zero
Direct test in ZZ, vy

Sensitivity through
kinematics in WW

from 1208.4018v2

0.1 -

0.05 %

SM Higgs
spin 2
WW BG
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- ATLAS Preliminary
[ Vs=7TeV:[Ldt=4.6-4.8 fb"
C Vs= 8Tev:det =13 fo!

__________________________________________________________________________

—— Combined (stat+sys)
----- Combined (stat only)
— Hoyy
—H-22" 54

26

1c

AN Y
124 125

N T
?21 122 123

m, (yy) =126.6 = 0.3(stat) = 0.7(sys) GeV
m,(40) =123.5 +0.8(stat) = 0.3(sys) GeV
m,(comb.) =125.2 + 0.3(stat) + 0.6(sys) GeV

1 1
126

1 I | 1111
127 128 129
my [GeV]

>
$20~ ¢ Data ATLAS Preliminary
o T (") *
4318:— - Background ZZ ] H%ZZ( )—>4u
516-_ [ Background Z+jets, tt
F E Signal (mH=125 GeV)
4 % syst.Unc.
12
b 18=TTeV: |Ldt = 4.6 fo
- \s=8TeV:|Ldt=13.0 0"
8-
o
4F
2:'
o

ng m

100

150 200

250
m, [GeV]

Mass measurement
from yy and ZZ —
4| (best resolution
for 4u, above)
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__latest combined results (Dec. “12)

| | | | |
T ' my, =125 GeV

| l
ATL
W,ZH — bb

\s=7TeV: [Ldt= 4.7 b °
Vs=8TeV: [Ldt= 131"

H— 1t
\s=7TeV: [Ldt= 4.6 1"
\s = 8 TeV: ILdt 13fb‘

W —>|v|v

V'S =8TeV: JLdt=1 _E_._

Vs=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"
CMS Preliminary m, = 125.8 GeV

H— vy H— bb

Vs =7TeV: |Ldt= 4.8 b b e—
\s = 8 TeV: ILdt 13! :

H— 77" 4] Ho e

Vs =7 TeV: [Ldt = 4.6 o' .:

s=8TeV: JLdt=13fb"
e-8Tev:] H- vy

Combined nw=135+0.24

\s=7TeV:Ldt=46-481" | @ H—s WW
\s =8 TeV: [Ldt= 130" ;

I | | | I I
40 +1 Ho 22

Signal strength (1) 0

P IR ST N I

1.5 2 25
Best fit G/O'SM
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Interactions: fermions

» Recall: EWSB does not require the same particle to provide
fermion mass

« bbar and Tt have highest branching ratios in SM for m;;=125 GeV
 just reaching SM sensitivity

% 6_]""[""|" I|""|_ = 8LIITII|IIYIITIIIIIIII{IIYIIL
L T ATLAS Preliminary \s=7TeV, f Ldt=4.7fb" o L Ho 1 ATLAS Preliminary ]
g 5~ —e— Observed (CLs) ] © 75 —e-Observed CL, [ Ldt=4.6f6" \s=7TeV
() : ______ Expected (CLS) \s= 8 TeV I Ldt=13.0 fb : g C Expected CL _[ Ldt=13.0 fb \S 8 TeV
= - Il +to VH(bb), combined . = 61 D 20 .
= 4 [Ji2e - 5 - E+tto .
_! - - 1 5? ]
O C ] O C
X S . X 4f
Te} - i Yo} C
D - . (o)) :

2__ ] 3r

: - 2

1= ] -
0 :1 1' ; : : I11| : : : I1 é ! ! ! I12I . ! ! I1 : 0:\ | 1 1 1 1 | 1 1 Il 1 | Il 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | %
0 5 0 5 30 100 110 120 130 140 150
my, [GeV] my, [GeV]
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VBF vs. ggF: different production mechanisms with
different potential virtual contributions

g t,b,??? from our summer results
¢ % 10_ T T T T | T T T T I T T T T I T T T T I T T T T I T T T ]
a8 - ATLAS Preliminary 2011 + 2012 Data
_H___ Cf(' 8 \s=7TeV: |Ldt=4.7 fb" H—ww = viv -
T L {s=8TeV: |Ldt=5.859fb" ’
E 6_— + Standard Model _
g g B x Best fit B
- , _ — 68% CL i
4 ---195% CL ]
2 -
o -
_2:_ _:
L, | | ITytgmnmebegeeit] | | .

-1 0 1 2 3 4
uggF+ttH x B/B
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Next up: VBF H = WW

« Soon: updated H = WW 2-jet analysis, optimized for VBF
production of SM Higgs boson at m, ;=125 GeV

0 ST AR B AR B A BRA
o 10 ATLAS Preliminary
= e Data —— HSWW(m =170 GeV)
3 3 [0 Weets CJtop
= 10 . WW I Z/y+jets
c m WZ/ZZ/Wy
ILdt =35pb’
10
1
10"
10%

> 1 04 T L e L T T T T T T _§
) ATLAS Preliminary 3
© —e— Data —— H->WW(m =170 GeV)
8 103 [ W+ijets top =
~ . Ww I Z/y+iets 3
(7} 5 I WZ/ZZ/\Wy ]
£ 10 \s=7TeVy
b= -1 3
& Ldt =35 pb™ 3

600

800

E

1000 1200

m, [GeV]

old plots, but
illustrate unique
VBF signature:
energetic well-
separated jets

cross sections for signal, top background

o (pb) Vs = 8 TeV Vs = 14 TeV
Next run: 13-14 TeV agF 20 50 (x 2.5)
~10x more int. luminosity VBF 1.6 4.2 (x 2.6)
tthar 238 920 (x 3.9)
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Summary

« Update of July 2012 analysis consolidates evidence for a new
Higgs-like particle in the WW — Ivlv channel

— 2012 observed min. p, =3 x 107 or 2.80

— Broad minimum in p, centered at m,, = 125

— Signal strength in agreement with Standard Model

0.35
pu=1481y3;

(stat)

+0.41
-0.36

(sys theor) ig:gg,

(sysexp) £ 0.05 (lumi)

« Analysis of full 2011+2012 dataset maturing rapidly

— Interactions with SM particles

= fermionic decays and VBF measurements

— Spin and parity measurements

— Improved mass and signal strength measurements

25 February

C. Mills (Harvard U.)
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Backup

25 February

C. Mills (Harvard U.)
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vy — 4] measured m,, difference

« After extensive study, significance of difference estimated to be just less
than three sigma (2.3-2.8 depending on assumptions made)

Aty = i)y — gy = 3.0710 GeV = 3.0 + 0.8 (stat) *)/ (sys) GeV

1ﬂ¢'l
% “F  AarLas Preliminary E ATLAS Preliminary
S | fs=7TeV:[Ldt=45481" LY o Vs =7TeV: [Ldt = 4648 1b"
£128f- (s=gTeV:|Ldt=13f0" - Vs =8TeV:[Ldt =13 1b"
- X Bestfit ™ 3c
[ —68%CL 5
127 - 95% CL Al 8-
- 99.7% CL e - -2InA(0)
- —ams=0
126} + Am,=0 best fit i
Y Y Pt 6 -
125 i
124 Bfeeeetreene)
123} I
C of-
e o oA L
1 ‘blllllllllllllllll"‘lllIll.l-.l..l..l‘-lll|lll‘.l.vlll 0- lllllll
2Ib.’1 122 123 124 125 126 127 128 129 -1 0
my, [Ge

(a)
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Events /10 GeV

250

200

150

100

50

m(ll) and WW

POWHEG+PYTHIA8 model for WW

—  petter model of lepton kinematics than MC@NLO (ICHEP model)

Worse model of jet multiplicity, but correct for this by design

0-jet WW control region 1-jet WW control region
L L e N I e N L L e N L L
© ATLAS Preliminary 30 Zsveeesn 3§ 1600 ATLAS Preliminary 2 0 = o) -
- \s=8TeV,| Ldt=130f' [J& MdSngeTop 4 2 140 ys=8TeV,[Ldt=13.0fb" [J& [ SndeTop  —
B ) ) B Z+jets [] W+ets | ; B *) ) B Z+jets [] W+ets .
L H-o>WW ‘—evuv/uvev (0 jets) BB H[125Gey] 2 120F H->WW' '—evuv/uvev (1 jet) W H125Gey] ]
¥ 1 < - .
- ) t 4 O 100F =
: ” 113 1 Joss -
- - 60 E
- - 40 E
: 1 ap =
50 100 150 200 250 300 350 400 450 050 "700 150 200 250 300 350 400 450

mr [GeV]

mr [GeV]
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July 2012 R

Signal Strength u for 2011 + 2012

sults

. | 1 | | | |
combined ATLAS 2011 - 2012  m, - 126.0 GeV
— comparable to other channels, Wz B bb °
S H— 1t
— best individual measurement of u! ts - 7Tov L= 4547 ¢
H—wWwW” = vy ,
\s=7TeV: [Ldt=471" P
— L B A B B A SN R O U S BRI \s=8TeV: Ldt=5.81" E
2 of. ATLAS HoWW' 'Siviv - 1 H—>y}( 1
'*E) - E-B;Isnt{?u)d is=7TeV: [Ldt=4.7 fo ] Ty tﬂi e °
& 5[ —FExp.m =126GeV  1s=8TeV: [Ldt=58f" ] H— ZIZ — 4l 5
7 N —-2mnw< ] ] e
T =
S 4 \, ] Combined :
o N\, 1.305@m, =126 5 | imiiin we1es03 he
: ] 1 | | | i |
E 10 1
- Signal strength (u)
= —  Expected curve for my, = 126:
1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 l—t 1 1 1
115 120 125 130 135 140 145 150 behavior consistent with
m,, [GeV] expectation
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July 2012 Results

Events /10 GeV

Signal and BG with systematics for different jet bins
m+ cut applied to be “indicative of analysis sensitivity”
Note different treatment of WW, top systematics compared to Nov. note

Signal wWw WZ|ZZ[Wy tr tWith/tgb Z[y* +jets W +jets Total Bkg. Obs.
H+ 0-jet 20+4 101 +£13 12+3 8+2 34+1.5 19+1.3 15+7 142+ 16 185
H+ 1-jet 5+2 12+5 1.9+1.1 6+2 3716 0.1+0.1 2+1 26+6 38
H+2-jet | 0.34+£0.07 0.10+x0.14 0.10£0.10 0.15+0.10 - - - 0.35+0.18 0
120__| T T T I T T T T I T T T T I T T l T I T T T T—] % :I I LI I LI I 1T L T T | L I T T | L | LI I I:
- ATLAS ; ‘?Ve:Nta ﬁ EVC;/(ZS;/SV?YStat) ] (g 60:_ ATLAS —+— Bkg. subtracted Data _:
100 \s=8TeV,| Ldt=581" I f  Esneetp - E (s=8TeV,| Ldt=5.8fb ' [ | HI125Gev) .
B * +jets +jets n ~ — * —
B Howw! )—>evuv/uvev + 0 jets & % H [1J 25GeV] g 50; HoWw' )—>evuv/uvev + 0/1 jets ]
801 1 ¢ 4o =
B i L - ]
60F - 30F + E
. : 20— -
40— — C ]
N ] 10 —
20__ _] 0: _+_ . ]
L i u <+ v B
e | - Eigess aias | . .o, . _10"|...|...|...|...|...|+..|...|...|...|1:
%0 100 150 200 250 300 60 80 100 120 140 160 180 200 220 240
my [GeV] my [GeV]
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July 2012 results

« Combined 2011+2012 p,: 3 x 103 (2.80) observed, 1 x 102
(2.30) expected

o L LA I L L B |||[|||| o IIIIIIIIIIIIIIIIIII]IIII]IIII]III]IIII

(_‘;' 10* ATLAS Prellmlnary HosWW! ) Siviv (_‘3' 108 ATLAS Preliminary HoWW! Siviv

S 10° —— Obs. S 102 —— Obs. Is=7TeV: [Ldt=4.7 b

3 e --Exp.m =125GeV  \s_770v: [Ldt=4.7 " — -- Exp. Vs=8TeV: [Ldt=5.8fb
E+io Vs=8TeV: [Ldt=581b" 10

10 [ +26

107 A T T T T T T
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m, [GeV] m, [GeV]

v v b by v b v b b by
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Event Selection Summary

0 jet analysis

— A@(ILMET) > 7/2 to clean
up events with fake MET
(rejects few events)

— py(ll) > 30 GeV

1 jet analysis
— b-jet veto
— Z = trveto (lIm -m,| >
25GeV)
— p(tot) cut removed

'\

-

Common “topological”
selection
— m(ll) < 50 GeV
— Ag(ll) < 1.8

Candidate event blinding to
remove phase space with
significant m, ~ 125 GeV signal
— pass preselection
zero jets or no b-tagged jet

Agp(ll) < 1.8

— m(ll) < 50 GeV
— 82.5 <m; < 140 GeV

25 February
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Signal region, in four parts

> | L B B L B
‘< . : 8 . | ATLAS Preliminary & 0% Zouissoss ]
. Sgbdlwde analysis to benefit from = OO L o en B BT -
different S/B and background B gof HoWW e 0jets) * Wisom
[ - .
composition in different final states @ | : :
60 subleading p -
— By number of jets: 0 or 1 ok -
; . ]
— Into (eu, ue) sub-channels where wof B
second lepton is subleading ; :
9 100 150 200 250 300
91 1 L B AR my [GeV]
5 “000F ATLAS Preliminary g % = oo
Wionoob- fs=8TeV, | Ldt=130fc" I  [EDSngleTor 2 o RS Dbt - Deam %% SMisysosm)
o ' B 2o [ Weiets 3 ATLAS Preliminary g = W one ™ -
’ HoWW —evuviuvey O H128Gev) 2 [ (s=8TeV,[Ldt=13.0f6" [ [ SngleTor
0000 - o P ) B Zvpts [] Welets
1‘1__2 00~ H->WW' —pvev (0 jets) B H (125 GeV)

N.

,,,,,,,,,,,,,, = jet after METRel

subleading e

IIlIlIIIIIIIIIIIIlIIllllllllJ

llllllllllllllllllllllll

compare
W+jets
—y 1 cvan
0 2 " 6 8 10 ( y ) 50 100 150 200 250 300
Njels my [GeV]
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Signal region, in four U parts

- D ta  #= SM(sys @ stat)
45 ATLAS Prellmlnary e waw B wzzowr
40F (s=8TeV,| Ldt=130f6" [Jtu [ SngeTon

. ) B Z+jets [T Wejets
35F H->WW' 'sevuv (1 jet) B H (125 GeV)

subleading u

« Subdivide analysis to benefit from
different S/B and background
composition in different final states

Events /10 GeV

— By number of jets: O or 1

— Into (eu, ue) sub-channels where
second lepton is subleading

lllllllllIIllIllllllIlllllllllllllllllllllllll

300
mr [GeV]

T T T T T T L2 T T T T T T T T T T T T T T

w
£14000 N 4 Da # SM (sys @ stat)
3 ATLAS Preliminary gy o  m wzsswe

) = = 1 I+ [ Single Top —: - Ia' ) -'-’ .' s'sf'fls'a ¥
12000} s 8Tc::V.J‘Ldt 1.3.?70 Qi Bsme : ; 'ATLAS Prellmlnary < om = suomom 3
. HoWW Sevuv/uvey CHpsGeY) 5= 8TeVILdt 130" E(Zf . ginglfhp E

] Howw" —)pvev(1 jet) ’ -H[i25 GeV) é
8000 - 3
: subleading e :
,,,,,,,,,,,,,, = N, after METRel - 3
7 compare E
1 WHjets 3
—i .11 (cvan . 3
0 2 4 6 8 10 (cyan) 50 100 150 200 250 300
Niess my [GeV]
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MV'1 b-tagging at ATLAS

« NN to combine input from SVO (secondary vertex), IP3D+SV1 (3d impact

parameter via likelihood ratio, secondary vertex), and CombNN (neural
net) algorithms for best performance

« ~0.1 light-jet mistag rate at our 85% efficient operating point

Light jet rejection

10°

10

d

I|I|II|I\II]IIII|IIII|IIII
ATLAS Preliminary —_— Vi

IIIIIIIIIIIIIllllllllllllllllllllllIIlI

ATLAS Preliminary L5 it

—

JetFitterCombNN

e Data pre' (stat)

JetFitterCombNNc

4y,
*,
,

) Data pre' (stat+syst)

---------- IP3D+SVA

*s

111 I\III]
b-Tag efficiency
v o

L N\ — v E -~ o Simulation P’ (stat) E
3 E 0.8 -
- 1 0.6F =
_ tt simulation,\'s=7 TeV i 0.4:_ B
- ple*>15Gev n'|<2.5 \ ] C MV185 ]
IIIllIIIIll]lllllllllllll[llllll O'2_|_| 1 I 11 1 I 111 I 1 1 | 11 1 | L1 1 I 11 1 | L1 1 I L1 1 I 111 I 1 IT_
3 04 05 06 07 08 09 1 20 40 60 80 100 120 140 160 180 200
b-jet efficiency Jet P, [GeV]
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LEP: not quite enough energy

N L T I T T L L L T l T T T l L L
Wy

= - LEP ]
< - (a) Vs = 91-210 GeV :
: | —
= i ]
.: -

q B —— QObserved
U ------- Expected for background & -

° -l_ - n mlgllllllllllllllllllllllllllllllIlllll
X10 T o= F q
S F 1 9 LEP -

i _ 10 ¢ h E
i = £ :
. oF /i ]
10 ¢ 3
- -3: I :
10 2 PR [T SRR S T (NN TR TN T NN Y ST T NN N M WA NN SN BN 10 §_ Observed —é
20 40 60 80 100 120 o Expected for :
2 -4 1
my(GeV/c") 10 ‘ E
« Direct bound at low mass 0L nag
from LEP: 114.4 GeV f
% e/eCtrOn-pOSitrOn CO//iSiOnS 10 -6_Illllll|lll|lllllllll I4II1 l.[llll L1 |
100 102 104 106 108 110 112 114 116 118 120
\s = 189-209 GeV
mH(GeV/c ) —
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Tevatron: almost...

Cross section for ggH @ 125 b
= 0.95 pb ,<
b

— compare 20 pb at LHC

« Most sensitivity at low mass
from associated production

SearCheS (Slgma_WH — 01 3 Tevatron Run Il Preliminary, L <10.0 fb™

pb)

10 | 995

95% CL Limit/SM

e | Junepo12

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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Full 13 fb" Cutflow

Cutflow evolution in the different signal regions

H+ 0-jet Signal ww WZ[ZZ| Wy tt tWitb/tgb Z[y" +jets W +jets Total Bkg. Obs.
Jet veto 110+1 300412 242+8 387+8 215+8 1575+20 340+5 5762+28 | 5960
Ay pme >7[2 | 10821 2041212 23248 361+8  206+8 1201+21 3055 5246+28 | 5230
Prec > 30 GeV 99+1 2442 +11 1887 330+7 193 +8 57+8 222+3  3433+19 | 3630
my <50GeV | 78.6+0.8 579%5 69+4 55+3 34+3 11+4 65+2 814+9 947
Ader < 1.8 75.6+0.8 555+5 68 +4 54+3 34+3 8+4 56+2 774 £9 917

H+ 1-jet Signal ww WZ[ZZ| Wy tf tWitb/tgb Z[y* +jets W +jets Total Bkg. Obs.
One jet 595+0.8 8505 158+7 3451+24 1037+17 505+9 155+5 6155+33 | 6264
b-jet veto 504+0.7 7285 128%5 862+13 283+10 429+8 126 +4  2555+20 | 2655
Zotrveto | 50.1£07 708+5 12245 823+12 268+9  368+8 12244 2411+19 | 2511
me <50GeV | 37.7+0.6 130%2 39+2 142+5 55+4 99+3 30+2 495+8 548
Adgs < 1.8 349406 118+2 3542 134+5 5244 2242 241  386+8 | 433

above: stat. uncertainties only
below: add m; cut and systematics
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Fraction

Pileup vs. Jets

 Pileup adds jets: stability of analysis in jet bins

« Take care with what you define as a “jet”

— associate to primary vertex using tracks

0.35

T I T T T T | T T T T I T T T T I T T T T l T T
ATLAS Preliminary Z — ppu: N(1 jet)/N(incl)

Vs=8 TeV, | Ldt = 13.0 fb"

: pae it

0.3

0.25

0.2

B
K -A—_g 0
o & -

T 17T 1T T 1T T 1T 7 1T 0 1 1]

oo

0.15

O_IIIIIIIIIIIIIIIIIIII
| 3

Number of primary vertices

Fraction

0.35

0.3

0.25

0.2

0.15

T | T T T T I T T
ATLAS Preliminary

Vs= 8 TeV, | Ldt = 13.0 fo"

LA N L R B B B B B B B I B

Z - u: N(1 jet)/N(incl)

- e Data |
C 4+ MC 1
- + 4 \
1y RS
B S SRS - e e e S e ks _+_+ T 4:

Number of primary vertices

25 February C. Mills (Harvard U.)

70



2011 Analysis

« Possible signal at m,; ~ 125 in yy, ZZ — 4l channels
« Ambiguous results from WW — |vlv

95% CL Limit on o/cy,,
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0 jets 1et 2 Jets

« Gluon-gluon fusion is dominant production mode at the LHC

« Analysis done for zero, one, two jet events separately

— In this talk, I will focus on the zero jet analysis, which contributes the most
sensitivity for low Higgs masses

« Theoretical uncertainty on inclusive cross section now well under control
(~ 15-20%) in spite of large corrections LO = NLO and NLO = NNLO

—  Still a leading uncertainty in the combined limits
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tor, in Numbers

Tracker: precision tracking to |n| = 2.5

—  3d spacepoints from semiconductor tracking: 3 pixel layers, SCT is 4 double-
layers (SAS)

— TRT is 4 mm diameter straw tubes (Xenon), providing 36 additional R-¢ (or z-¢)
points

Calorimetry
—  LAr barrel from 1.5 < R < 2m, 22 X, deep
— 10 A (interaction lengths) active, >11 total
—  HCAL from 2.3 < R< 4.3 m, 7.4A by itself
—  total coverage to almost |n| = 5

Magnets

—  Solenoid field 2T
—  Toroid field bending power 1 < [Bdl < 7.5 T-m

Muons

—  Three MDT planes measure R-z using 3mm diameter tubes (Ar/CO,)
= Nominal single-hit precision 80 um
—  Forward precision by CSC (MWPC strip-wire-strip) 2 < |n| < 2.7
= Designed to be functional at expected rates of > 150 Hz/cm?
—  RPC and TGC: fast 2d spacepoints for triggering and second (phi) coordinate
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