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Abstract of paper made public on July 315 (last Tuesday ) : http://arxiv.org/ps/1207.7214v1

95% CL Limiton olo,

8/6/12

-
o

Summer 2011

ATLAS Preliminary
— Observed CLs

---- Expected det =1.0-1.2M"
E=10 Vs=7TeV
[ =20

155<M_,<190 and 295 <M< 450 GeV/c?
excluded at @ 95% CL

95% CL Limit on p

—_
o

T IIIIIIII

-

107

Clear evidence for the production of a neutral boson with a measured mass of
126.0 £ 0.4 (stat) £ 0.4 (sys) GeV is presented. This observation, which has a
significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 x 10-9, is compatible with the production and decay
of the Standard Model Higgs boson.
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Higgs excluded at 95% confidence level in 111 < m, < 600 [GeV] except in the 122 <
m, < 131 [GeV] where an excess of events with significance of 5.9 sigma is observed
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Discovery of resonance made possible by this machine :
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LHC is rapidily delivering more
data. Expect up to 30 fbl by
end of 2012 !!

Toroid Magnets Solencid Magne! SCT Tracker Pixel Detector TRT Tracker

- The design of the ATLAS detector was partially driven to provide high sensitivity to Higgs
production

 Silicon Pixel (Si) and Silicon Microstrip detectors (SCT)

* Straw Tube Radiation Tracker (TRT) (immersed in solenoid producing 2 Tesla field)
 EMC (LAr detector) — very granular in eta and hadronic Calorimeters

5/6/Muon tracking chambers (own magnetic écéf%lr%ler



Standard Model

Dominant process: Gluon fusion

g Higgs production cross section at LHC
t
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g Ns=7Tev ¢
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Distinct topology with forward jets

100 200 300 400 500 M*[Gewoo
Associated production
The SM predicts a specific admixture of Higgs
production mechanisms —implicitly assumed in the

display of the Higgs search results (will say more
about this in later slides)

Example from expected number of H-> yy signal events after acceptance (in %)

\ﬁ Category Events gg— H (%] VBF|%] WH|%] ZH|%] nH |%]
7TeV Inclusive 793 87.8 73 29 1.6 0.4
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Standard Model

g 10§ \s = 7TeV SM § Low mass (< 140 GeV)
| I H — vy
5 | 13 Rare decay, but distinct signal
10'E H — 71Tt
- Enhanced in MSSM, also contributes to
SM search

—
Q
N
Y

WH — fvbb, ZH — ££bb

1 0_3 Important to study Higgs properties
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Abstract of paper made public on July 31t

Individual searches in the channels H-> 2z
(*)-> 4l, H> yy and H> WW(*)-> evpv in
the 8 TeV data are combined with
previously published results of searches
Large my (2 200 GeV) for H>ZZ(*), WW(*), bb" and t+t- in the 7
H— WW —tvqq, H — ZZ — ttvv, 244 1ay data and results from improved
analyses of the H=> ZZ(*)-> 4l and H-> yy

channels in the 7 TeV data.
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Channels used in 2012 combined result

Decay my range (GeV) arXiv

H—yy 110-150 (*) 1202.1414
H—-ZZ(*) —4l 110-600 (*) 1202.1415
H—ZZ —llqq 200-280-600 1206.2443
H—ZZ —llvv 200-300-600 1205.6744
H—-WW(*)—lviv 110-200-300-600 1206.0756
H—-WW-lvqq 300-600 1206.6074
Ho1r-ll, Ity 1,1, 110-150 1206.5971
VH—lvbb, libb, vwbb  110-130 1207.0210

* This presentation only covers H->yy and H->7Z(*) -4l (and some H &> WW(*)
- lviv)

* DESY is heavily involved in H->yy channel, which along H->4l are the main
players in the discovery of the new resonance

* Although of course the other channels also play important role in exclusion of
high Higgs mass range
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Higgs = v y :: Event Signature
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Simple signature

Two isolated photons in the
final state (Pt1 > 40 GeV and
Pt2 > 30 GeV)

Improved 2011 + new 2012
analysis (4.8 +5.9) fb!

Expect ~ 185 Higgs events from
SM

Good position and energy
resolution

Good invariant mass
resolution (~1.6 GeV)



Higgs =2y y :: Photon ID

[ ] ] LJ ] LJ L]
* Tracking information distinguish
photon from electron : robust
.o L]
against pileup
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% “E e Converted photons Data 2012, {s =8 TeV 3
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e Calorimetric isolation

O

- Sum of energy

calculated using topo- -
clusters in cone around A -
— — cluster | ! \ |
I . 5 Corrections for energy — /]
leakage outside cluster S -
Main QCD background - Corrections for ambient e
08000 - VAANN, energy from pileup/
la [, underlying event
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Higgs =2y y :: Photon ID

* Shower shape distributions

= Neural Network developed for
\ P/ATLAS 2011. Re-optimized cujc-based.

| 2 EXPERIMENT approach for 2012 : reject main
T —————— QCD background

—> Photon ID efficiency cross-checked
with data-driven methods :
extrapolation from Z-> ee,
radiative Z events and a sideband
method
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Higgs =2 vy :: Energy and position 2 m 2= 2*E E,(1 - cos a)

e Cluster energy
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* Vertex position. Likelihood combination
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Higgs = v y :: Event Categorization (improve sensitivity of search)

Event categories based on eta, pTt, and conversion, (2-jets properties — next slide)

Both unconverted: 2 unconverted: >=1 converted:
n(y2) 4 ny2) 4
e Central
* 175 I Resolution:
At least one converted: 1.3 Good
. Centrg! 0.75 0.75 Poor
e Transition R
* 0.75 ny!) 0.75 1.31.75 n(yl)
> I —————
. o 0.12- g;ﬁﬁisngirr;ulation ® Unconverted central ]
Central and Rest divided s f high p., ]
. = 0.1 Hoyy * ~ FWHM =32 GeV 3
Into Pttt < 60 GeV .g : | © Converted rest :
> 008 m,= 125GeV '&* low p.. E
and PTt > 60 GeV z [ 5-8Tev 1 FWHM=4.5Gev
= 0.08 -
p P :
T ; 0.04}- -
pT' ‘\Ié/_/' pf CWUST axis E E
0.02f -
pT Thrustt=p. -p N ]

135 140 145
m,, [GeV]
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Higgs =2 y y :: Event Categorization (VBF - enriched)

q
This is bound to be very relevant in determining properties of resonance :

2 jets with || < 4.5, with [JVF|*> 0.75

= 03— T T T T T T T T = T T T T T T T
z 025
and pr > 25 GeV 5 f ATLASPreliminary = 1 £"F % anasreiminay o Deta
. o 025 = _ | - N
% Tightened to pr > 30 GeV for I R , zjrlz;iUr:!c?nainty 1 3 off B=7TeV C2 ot Uncerinty
N E -1 = ncertaint B N N - =3 7i tai 4
In| > 2.5 for /s = 8 TeV 5 ogpfunaen g Spremn, i 2 Ju-son'  Sppm,,
g C —— VBF m =125 GeV E g 0.15 —— VBF m,=125 GeV
. 5 .
Jet separation An;; > 2.8 = S .
. 1] o . =
Invariant mass M;; > 400 GeV £ g
w ‘2 0.05
2
|APjj—nvy| > 2.6 g B st .
% 100 200 300 400 500 600 700 800

m; [GeV]

Cuts are not as tight as they could in order to have enough statistics for background fits

This category requires good primary vertex resolution in order to select jets properly
and also a good primary vertex selection

Expected fraction of gg =2 H events in 7TeV  8TeV

. VBF %  68%
2-jet category gg — H 23% 30%

8/6/12 M. Jimenez Belenguer 12



Higgs =2y y :: Results |

* From each category a myy dist
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Higgs =y y :: Results I Inclusive m yy

> 2400¢ T T — T T 3
Lo TTUHEI. S Bkgdecompositionin 2012
o 1800F% , 4th order polynomial ' _; > T T T T T
From each category a myy dist :igg%: 5776V, Lot- 481" :% % 1200 gTLé%F[’:':m'::Z :Izrg;;om
12002— G:BTeV,J-Ldl=549 o' 3 g 1000_—H U :—_gma.t:nmnalnry_:
. - . 1000;_ _; 800:_ H+++++++ Tomlunconalmy_:
TR _‘ 800F- = . H*ﬂ*ﬁ " ]
3 ; e + 600E- = s00f- H"+m+ y E
1 E 400~ E 400f- Yrartage s .
; + E 200;_ ATLAS Preliminary _; E#*m . 6#&“\*”*,“# a
T 3 ° E | , " \ | E 200 ¥ '*““"*+’¢“’0.~’.m’o..*+o. . ]
e IR L . e e
8 100E- 1 # = m,, [GeV]
— 3 — 10_0 110 12IO 1(;0 140 150 1_60
m,, [GeV]
* Background is parametrized using function
flexible enough to describe shape well but
with limited parameters such that it is not
unconstrained
 The model used is tailored to the shape in
e each category (exponential, Bernstein
+ polynomial, etc...)
by . . : .
AT ' e Signalis described by CB + broad gaussian to
I itunens BRI Ak sk account for detector resolution effects

e Background decomposition is also studied
using data-driven methods
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Higgs =2y y :: Results Il
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SM Higgs excluded in “112 < myy Best fit of signal strength p is at
< 145 [GeV] region except in 126.5 with 1.9 o strength
122.5 < myy < 132 [GeV]
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[.T:co::e od [~ ,42 1 . .
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Comre | [~ "7 s=7 Tev,_[ Ldt = 4.8 o™ .
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Gorverid [~ ‘ =8 TeV,J- Ldt=5.91b" .
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‘21. B L= 122;)SgeV)
Combined o A Sy B o L

Signal strength

Despite low events, 2-jet (VBF enriched) category has high signal strength
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H-> ZZ - 4l Channel :: Event signature ¢ *
§ 107 .
H->ZZ-> 4 muon candidate :
10%¢
_ %Jﬁ;rzﬂjﬂd 10°700 200 300 500 1000
- M, [GeV]
5 B » Essentially select 4 isolated leptons
pS such that one or two pair invariant
o, § ’ ‘7 mass is close to Z mass
—— \ L « Same flavour, opposite charge pairs
ey EN
Selection Original Optimised
Lepton p; (e/n)  20,20,7,7 20,15,10,7/6
m,, selection |[my,-my|<15 50<m,,<106
[ m,, (GeV) <120 130 150 160 165 180 =190

m34 threshold (GeV) 175 225 30 30 35 40 50

£
EHEAE <l
: (o
* Cuton impact parameter \ i I
Main baCkground : SM ZZ*I be"' Prlmarvvenef,"_v...\’.‘:._.w""".N”-.m

YL prs
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H- ZZ - 4l Channel :: muon ID

H->ZZ-> 4 muon candidate . i i
Signal signature for single muons

* Match between ID and MS tracks
e pTreconstructed by combining ID
and MS track info (cut on pT > 6

GeV)

Run Number: 11769
Eveur Sumber: $2534093
Trate: 2120610 13:12:5) CRT

* Track isolation (sum of pT of all
tracks in a cone around the
electron track must be below
certain threshold):

FICurA14 GV
MOt 10 GV

Mz Blue
Cells: Fihes, ENIC

S
£

/ it ﬁ(du>0

Secondarn s ;ﬁg 12 |
d0<0

........ \J 7

Main background : SM Z2Z*, Zbb...
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H- ZZ - 4l Channel :: electron ID

Signal signature for single electrons

* EM Cluster match to ID track

R | 7 A7\ * pT reconstructed from track direction
&lé;&é 4! at vertex and energy in Lar (cut on pt

- = | > 7 GeV)

* EM shower shapes must match those
expected for electrons

* Track isolation (previous slide)

e Calorimeter isolation (sum of Et of all
topoclusters in calorimeter — similar
to photon isolation in previous slide)

H->ZZ-> 4 electron candidate

s 102p——T —
Z 100 ATLAS Preliminary 3
% C - S v vy
2 98F 4 ~ v ¥ v 3
= Y f Y =
5 e | . 4
S E . i 3
= - . i =
° 94:' ] i ? ‘ ]
2 92 | t =
- 'S 4 -

g o- | 3
S 88 20m 2012 =
‘é 86b- +Daladel—47fb' +oamILm-770pn‘ E
o - —&— MC —-—MC :
5

T ST ST U N T N ST U S N U T U 'Y a1l aa 2o a1l 4 ag
8452025 30 35 40 a5 0

ET Cluster

Main background : SM Z2Z*, Zbb... * |D efficiency robust to pileup
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H-> ZZ - 4] Channel :: Background estimates

3 18 ATLAS Preliminary
ZZ - ee + muon muon channel Y 16f s=8TeV: [Ldt=5.8fb"
& 14F
> L
. . . . W qop * Data ]
* No isolation (leading lepton) and reverse impact jof, . ZHetsand f
parameter (for another lepton) of
* Fitted background is extrapolated to signal region using 6f
MC 4
2
0
50 60 70 80 90 100
m,, [GeV]
ZZ 2 Il + ee
* Electrons can b(? faked by jets, P TR v v
photon conversions, and heavy G % GogTev: flot=581" —Total | & FF E=8TeV: flat=58" —Total ]
) . 120F e 1 92 _F f 3
flavour semi-leptonic decays = I a | 9% a
. . I M N ] 20 * N e
Dedicated studies for each case. sof ] } + ;
. E E 15 7
e The cuts in one of the electrons are %% R DI + 4o
. . 40 . b ]
loosened and b-layer hits, TRT hits o ; 5 ZTRI! ;
are fitted using MC templates c(l)l{l—*]e--l L 3 obti b TS ]
ayer 0 0.05 0.1 0.15 0.2 0.25 0.3 'IE)R:?I'S 0.4
nhI[S Ratio
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H-> ZZ - 41 Channel :: Background Il and Signal resolution

* Invariant mass of pairs
well described at low
and high pT

* Control samples
obtained by relaxing
isolation and impact
parameter as described
in previous slide

~
o

T

nary

> | LA LA L LA LA >70,I"'I"
& ATLAS Preliminary & [ ATLAS Prelimi
* Data r
o 60 wrwle'e +utw mzz ©° 60: wule'e +e'e
§ gofls=7TeV: Jldt=481b" =Z_+iets 1 B&
& fls=8Tev: JLdt=58M1" "\, 1 &
40 %Syst.Unc._: 40F

 Good invariant mass resolution
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o
o
s3]
|
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0.02F .
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0.06 -
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F5=7TeV: fLat=481" B2Z ]
(s =8TeV: JLdt=5.8 o' WZHetsti ]

* Data -

% Syst.Unc. ]

Basically all that is left to do is reconstruct invariant mass and look for a peak

2 0.08
(O]

0 L. Simulation
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-~ E @ m .130GeV
= 0.06f Gaussian fit

0.05;— HoeZZ" w40 ({5 =8 ToV)
0.04F
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0 033_ @ = (2.46 = 0.06) GaV

E  fracton outside « 207 20%
0.02t
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y
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H- ZZ - 4l Channel :: Results |

— Excess observed at ~125 GeV, while no excess is observed in the range: 131 < m4l < 460
[GeV] is essentially excluded

> [
—~ ¢ Data —
&°°F mmsackgrouna 2z ATLAS Preliminary  Separately for 2011 and 2012, over the
" i (*) . .
3 30F E Background e H=ZZ 4l whole invariant mass range
S - |:]S?gnal (m:=150 GeV)
u>J o5 Il Signal (m =190 GeV)
- 7% Syst.Unc. 22 =22
" G20 ATLAS Preliminary &20 ATLAS Preliminary
20- = : = -1 = : D:::a round 22" T : D:::a round 22"
s =7Tev: Lot =48 2 ooz | Lo e
15'J§ =8TeV: fl_dt =58 fb.1 D14 -sggnal (m:;190 GeV) Q14 -sggnaj (m:;190 GeV)
o B Signal (mH=360 GeV) B Signal (mH=360 GeV)
- 7 Syst.Unc. 12 2 Syst.Unc.
10E H-zZ" -4l 10 H->zZ" -4l
- JLdt=5.8fb" 8 dt=4.8fb"
N s=8TeV 6 (s=7TeV
= 4
n 2
= 200 400 [Ges?o 0 400 [Ge\e}]do
250 l4) l4)
748 TeV 4pu 2e2u de
e Event counts of signal and Background ~ 1.3+0.1 2.2+0.2 1.6+0.2
expected background in range Data 6 S 2
S/B 1.6 1.0 0.6
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H- ZZ - 4] Channel :: Results Il
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Back to combined results

http://arxiv.org/ps/1207.7214v1
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Next steps — measure properties of particle |
First steps
* Improve mass measurement

- Improve energy calibration of electrons and

photons

* Measure cross section x branching ratio
- Improve photon and electron ID efficiency

Constrain couplings

* Improve measurement of signal strength
for different final states

* Improve sensitivity to different production

modes
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Next steps — measure properties of particle Il

e Dermine Spin and CP of resonance

> SM 2 Spin =0, Scalar
- MSSM - Can be CP-odd scalar particle

- Note that decay in 2-photon channel indicates Spin = 0, 2
and decay into 2 fermions indicates Spin = 0, 1 = some indication that Spin = 0

We can define angles in H=> 4 lepton that are sensitive to both CP and Spin

In H= 2 gamma channel theta gives Spin
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Next steps — determine properties of particle lll

Other properties will likely take longer...
» Set limits on resonance width = requires very good knowledge of energy resolution

* Higgs self-coupling (low cross section)
* Running of Higgs coupling ?

IMPUT FROM THEORETICAL COMMUNITY IS VERY IMPORTANT AT THIS POINT... | ©
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Next step — Possible hidden processes in signal

T M S —rTT YT YT

e
- 0'07 TY cpening angle ing (m_ « 123 GeV)

Interest in other models with similar signature Typical EM - o

Decay of Higgs to light CP-odd pseudoscalars H—asa, | |cluster size ==
‘7 AO ho AO 7 0. - Mah00 MeV

—_— L — 0.04 ATLAS Prefiminary
v v bos Simutation

a, decays to two very collimated photons with small 0.02 "\—\ Opening angle in n
separation, mimics H—yy with slightly degraded resl" g M ——

Relax photon identification for broader (merged) shower ob¥ —

30 40 S50 60 70 80 9 10

Applicable for a; decays <~0.5m, 100<m(a,)<400 MeV E, (a) [GeV]

No signal observed, set limits on o X BR(H—4y)

Limit with m,=200 MeV

Mass resolution Data andvsignal ‘

’ > Y LB B . I
E T ‘.I)t' e Gt 201 4w 7 Tew) Inun.'; f
U - q1 -~ 4 i — e Mot (At 20y |
‘ — -:4::: -..-:v: 1 g lﬁ*Assum'ng e e L L B
D Boyseane M 2 10~ SM x-sec p TR ATee é
L P ..o‘-..“‘“ 4
120.20% BR(H:-4Y) 1%
tooox | AT Peimeay i
. F
200,
Bttt ettt e Sttt N .

100 10 120 130 140 150 160

8/6/12 M. Jimenez Belenguer 27



