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“Higgs” is a BIG topic.

I’ll focus on H = WW — tv+Lv, which | work on, and 3 other SM decay modes with

the best sensitivity (currently) for some mass ranges. Many decay modes that are
not discussed here are also important for understanding the Higgs sector!

e ATLAS detector
e Selected Higgs searches
» H-—- ZZ5) — e+t
» H—ZZ5 > o+

» H - WWE 5 fv+ v
» H— vy \
e My exclusion limits W@@

e Future outlook 300 MH[GeV]

overlap everywhere & all modes contribute.

® Refe rences, Thanks This is just a cartoon. In reality, the ranges GATLAS ‘




ATLAS detector Tae Min Hong %Penn
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ATLAS d

~100 pb~! / day since Sept.

ata taking in 2011 at 7 TeV

- ATLAS Onllne Lummosﬂy

Total Delivered: 5.21 i’
Total Recorded: 4.88 fo'
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Pile—up 50 ns bunch trains
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ATLAS Higgs recent results Tae Min Hong %Penn

We have ~5 fb~1 on tape; see p.20.

Decay Reference

—> H - vy arXiv:1108.5895 W
H - 1t ATLAS-CONF-2011-133 LU.'D
H — bb ATLAS-CONF-2011-103 304
—> H > ZZ® — te+e0 | arXiv:1109.5945 1.96 L IS
H— ZZ® — ft+qq @ arXiv:1108.5064
—> H— ZZ® - (¢+vv | arXiv:1109.3357 e |
—> H = WW® = gv+fv ATLAS-CONF-2011-134 V : 170
H—= WW® — gv+qq| arXiv:1109.3615 1104
MSSM H — 11 ATLAS-CONF-2011-132 206
MSSM H+ ATLAS-CONF-2011-138 1303
SM Higgs combination = ATLAS-CONF-2011-135 1.03.; 73
O 05 I IS5 2 25




Higgs production, decay Tae Min Hong %Penn

Higgs production Prod’n X decay sMMHiggsat7Tev

e [ =coOrp
e v = all 3 flavors

ggF is dominant (10x Tevatron) 3 mass regions e = exclude top
E . Vi WW turn-on
o = ZZ turn-on
* T . WW — Py
LL -
8 ra ‘ 4 WW — ['vIv
107, \
S ."\ ZZ — Ilqq
107 . , 102F ‘ 727 — I'M'w
S Associated prod’'n 9 w,z
N Wz H— 1t
- \ . sl, ZZ — 11
/q ~ H 10 2 N
10 = - WWH — Fvbb ““\VBF - .
: t — Mbhh ‘.“
= | | —— . . t/ o ZH — I'Tbb ~_ |
100 200 300 400 500 ce-- H 100 200 300 400 500
Mu [GeV] ¢ M Mu [GeV]
t
Table of events Mn=120 Mw=150 Mu=300
expected per fb~! | H-yy 43 16 | 0.04

H-oWW®) = py+ Ly 127 390 89
HoZZ®) > 00400 1.5 4.6 3.8 GATLAS ’

Does not include acceptance

EAFERIMEN)



H- Z2Z® - ge+ee Tae Min Hong %Penn

ATLAS oH — 77 — po+0L : full reco = mass peak

2 l TP—) ~
Run Number: 182747, Event Number: 63217197 @ SenS|t|V|ty ~ 200<MH<300 :MH: —t+—+ HoZZ-40 —>

Date: 2011-05-28 13:06:57 CEST 100 200 300

e CATLAS

2 EXPERIMENT
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H - ZZ® - t+ee : analysis Tae Min Hong %Penn

Want [M(£*07)-Mz| <15 with another £'*¢'~ ATLAS
H— zZ"— 4
e Lepton selection : Two Pr>20, All Pr>7 > Mu=150"" fidt=1.96-2.28 fb"
_ 8 - \'s=7 TeV
e Split data at MH=180 where ZZ turns-on o I S=re
~ 6 Mu=220 2%
Expected SM Expected for My IL:’ i_ / BkgS . Mu=4a&0
Total ;P; éﬁ:r 130 150 200 300 400 z
<180 3 3.0 24 0. m N/A i
>180 24 21 2l fo0 300 400 500 600
m,, [GeV]

e Backgrounds

ATLAS

» SM ZZ > go+00 : Use MC ; Err~15% 1k He 7700 41

» Z+bb, b—¢ fake  : Use data; Err~20-40% ' Jidt=1.96-2.28 fo”
\s=7 TeV

» ttbar—(Wb)2, W—¢v: Use MC : Err~10% L5 observed

1 >expected

7
- 1 -

+20
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o
TT

CLs Limits on 95% CL Limit on o/cg,,

Excluded Higgs masses

-
T T T T I__I_

e 95% confidence level limits using ClLs : :
e Expected : 194 GeV is closest at 1.01xSM © 200 300 400 500 600

e Observed : 191-197, 199-200, 214-224 ) 1Lkt ﬂ




Events / 5 GeV

H > ZZ® 5 o+ Tae Min Hong %Penn

ATLAS oeH — 7ZZ%) — (L+vv : partial reco = count

B EXPERIMENT ® M(E*0)~Mz with Exss for vy

Run 167776, Event 129360643 PY Sen5|t|V|ty ~ MH>3OO My ———t H—ZZ 40 ¥ (Z= v)?

Time 2010-10-28 10:41:18 CET 100 200 300

ATLAS f Ldt=1.04 1B, Vs=7TeV

Prlead =126 Mu =94
PTsubIead= 50 ETmiss —_

Top
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H - ZZ® — tt+vv : analysis, result

Want M(£*07)=Mz with Eymis

. Leading Pt >25 GeV
: top, SM ZZ, WZ, WW

- ZZ become boosted

e Lepton selection
e Backgrounds
e Split data at My=280

-

<280
>280

Expected SM Expected for My

Total Z+j W+j top VV J200 300 400 500 600

19
6.0

8.5
3.1

30

|5
Err ~15%, Ow, Owp biggest 3% <«reco.>» ~50%

47
31

105
55

47

e Reject fake Et™ss from jet mismeas’t with

ETmBs
Away { Adyjer reject < 0.3
<« » Nearest jet same d-hemi.

Excluded Higgs masses

o Use bins M12 = (Er!t + Egmiss)2 — (Plt Pymiss)2
e Expected : 380 GeV is closest at 1.1xSM
e Observed : 340 < Mu < 450 GeV

- ATLAS = !
a5k . datafL dt =1.04 fb
- NS = 7 TeV Total Background
0 Hszz s Top
oBf o ZZ,WZ,WW
S N ZW
20 I Signal (m, =380 GeV)
150 |1 |
102_ eiv
5t S
LT e = =T
0 2000 300 400 500 600 700
Mt [GeV]

ATLAS f Ldt=1.04 f6', (s=7TeV

- observed

expected
Y.

+20

CLs Limits on 95% CL Limit on o/og,,

400 450 500 550 60

My [GeV] AL ﬂ
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H - WW® — gv+tv Tae Min Hong %Penn

ATLAS e H - WW() = fv+{v : partial reco = count

EXPERIMENT e Similar to ZZ*) — Le+vv, but M(£L)+Mz

Run 167576 Event120642801 o Sang itivity ~ 125< MH <200 My—-Wen2t @Za0? @y

Time 2010-10-24 13:06:00 EDT 100 200 300
ATLAS Preliminary Err. ~504100% ’
\s=7 TeV,det —170f" in this region/#

7

Nje:=0 after pre-sel.

Events in 10 bins
1} ni‘i“““i‘:“-r:“.

T2 |ADy|[rad] T



H - WW®) = gv+v : pre-selection
Want M(L*27)+=Mz with Efmiss

e Leading lept. Pt : e, u=25
e Sublead. lept. Pt : e=20, u=15
: Next slide

e Backgrounds

o ET,relmiss cut

Expected SM

M>15, Me,>10| IE+06 | IM | 1.4k | 7k

top WHj

[Mecor en=Mz|>15 || IE+05 || .IM | [.2k| 6k

data-derived

Eremiss 4051 4k | 660 | 3k

. ee, yu=40, epu=25

Z+j

\V4

Events / 4 GeV

100

30

e Definition of Et reMiss

If such € or jet in same d-hemisph.,

ETmiss
Away { o Etra™ss reject if < 40, 25
< - > ee el
€ or jet U

Otherwise, Et reMiss = Exmiss
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ATLAS Preliminary
\E:?TeV,det:L?Ofb"

100k
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H - WW®) — gv+iv : backgrounds, final selection Tae Min Hong %Penn

ATLAS Preliminary

Backgrounds
g Mu=150 \g=7Tev,fLo|t=1.70fb'1

Events / 5 GeV

Mostly data-derived quantitites
e SM WW® : M, data CR —SRw/MC ; Err~10% 00

e top : b-jet data CR #SR w/MC ; Err~10%

o W+jet . di-jet data CR—SR w/data ; Err~30% X

e Others : MC predictions, small L e S T W
0\4\‘5,0 100 150 200 Meu |
Higgs SR SMww cr  Pre-Ere™

Final selection

Events

e Split data into Njets = 0, 1 (reject b-jets) ATLAS Preliminary

\E:?TeV,fLolt:1.70fb‘1

1.2

~

e “Topological” cuts exploit spin-0 decay
» small Ad, large Pttt low My
» Mt (defined on p.10)

800
Mp=150

Expected SM

: N i
Sel j j
election | Data ww  ©P WHj 7+ VV  Total

Njees=0 70 | 4316 2.2+1.4/4.7+1.5/1.8+3.6/0.7+3.6 5319 || 3417

Nijees= 1 23 | 10£1.5/6.9£1.9/0.7+0.4/1.2+1.1/0.61£0.2 2314 1242 \Kﬁ,.,.!'.e. g

NJets
POSt—Er reiMiss




H - WW® — gv+ev: results Tae Min Hong %Penn

Mr, Transverse mass (last cut) Excluded Higgs masses

® Njets = 0 ATLAS Preliminary e Expected : 135 < My < 196 GeV
\s=7TeV, | Ldt=170fb"
i s=7Te | e Observed : 154 < My < 186 GeV
> 25 + e 2 sigma excess below ~160 GeV
w -
S 20F
PR h =
£ 15E g ATLAS Preliminary
@ f : _ _ :
ob 5 ‘\@—7TeV,det_1.70fb
C W+jets E
5F _
- ' 10
------ To)
C 2 —> observed
® Njets = 1 ° | X expected
o 0 1
- -+
8¢ Mn=150
6
- 9 il IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [}
: o 8
2F 5 I 3
C @ 3
60 80 100 120 140 160 180 200 220 S expected
o S
Mr [GeV] g observed
(Vo]

120 140 160 180 200 220 240 260 280 300

M [GeV] FAILAS ﬁ
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ATLAS e H — vy : full reco = mass peak

EXPERIMENT ® >8nSTtVIty ~ Mr<Las s s

Data from Spring 2011 Xo Feynman diag. & cross-sections

: W
Sampling 3 H— vy H°C:€::: 0.04 pb

VALY

Sampling 2 1Y + ... 30 pb
0.025%0.025 S Y

VA Y

Sampling | 0.003 to | 0.006 (4mm) y+jet . M 105 pb

o e — .
Beam pipe === ==mmm=dcmmm e

Want two isolated photons

- 20 B unconv. central
e Photon selection : Pt > 40, 25 < B unconv. rest
8_ T 26 826 23 conv. central
e Photon identif’n : Use lat.+long. segmentation Z ' conv. transition
g 2 B8 VEY wrpa M converted rest
e Backgrounds : See top-right S 10 8 — l
(O] 3
: = W2 .
» Data-derived e — vy g 5 2 _ 4
» Relaxed isolation, identification ;
0
e Split data into detector region, y—ee conversion 110 120 130 140 150

M_H [ GeV] )i.‘.',',.'f,‘.A



H — yy : analysis, results

Events / 2 GeV

Events / 5 GeV

300

200

100

150

100

50

Mass resolution = 1.4 - 2.1 GeV
>

/ 5X My=120 GeV

ATLAS (s=7TeV, f Ldt=1.08 fb"
1 | 1 1 1 1 | 1 1 1 1 | 1 1

C

l..
-1 Cvi+iv
- B i

- B DY

—}— Statistical error
—}— Total error

T

Lt

~
N
X
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Tae Min Hong

Excluded Higgs masses

e Fit with exponential + signal shape.
e No range is excluded yet, but
120<Mn<130 GeV is getting close.

ATLAS Vs=7TeV. f Ldt=1.08 fb”

| | | | | |
10 11 120 125 130 135 140 145 1

We’re closing-in on the LEP limit!
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Mu exclusion limit : individual Tae Min Hong %Penn

Exclusion limits of various results: solid is observed, dotted is expected

For results were not discussed in prev. slides see p.3.

- ATLAS Preliminary
f L dt ~ 1.0-2.3 fb " \'s=7 TeV

H—yy (1.08 fb™)

H— WW— Ivlv (1.70 fb™)

~ W/ZH,H—bb (1.04fb")

" H—tt (1.06 fb™)

H— ZZ— Il (1.96-2.28 fb™")
H— ZZ— llqq (1.04 fb™)
H— ZZ— llvv (1.04 fb™)

CLs Limits on 95% CL Limit on o/og,
|—\
o

|

H— WW("“) o AYAY

My [GeV]

a I | i 300 400 500 600 SAILAS ’




Mu exclusion limit : combined Tae Min Hong %Penn

Combined exclusion limits: solid is observed, dotted is expected

Expected exclusion Observed
e 131 < My < 450 e 146 < My < 466
with gaps at
e 232 < My < 256
e 282 < Mn <296 .

T

ATLAS 2010

det~35 pb’

(2010 Data)

-
-~
.-

IIIIII|l

ATLAS
2011 Preliminary

det~1 0-23 15"
(LP 2011)

|:|:10
|:|120

CLs Limits on 95% CL Limit on o/og,
|—\
o

|
. -

My [GeV]

| 500 I 600 \.ﬁuum !
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Future outlook Tae Min Hong %Penn

10° :
Next steps E; ;T 3X increase at My = 120
e Analysis : Lower lep. Pt; multivar. techn. % ‘
T 10
: (=
e Background : Improve data-derived est. m
O Vs = 14 TeV
e Prepare for : LHC upgrades of lumi, /s 1 ‘
- " s =7TeV
T I B B B M [GeV]

100 200 300 400 500
800

Phys. Rept. 459 (2008)

/ Not allowed above
A

~Excluded w/ gaps
by ATLAS

Implications

e Exp’t limits on My help constrain the upper

bound on A, the scale of new physics 400

200

Still allowed! Not allowed

LEP bound YR
103 106 109 1012 1019 1¢
A [GeV]

It’s an exciting time to study Higgs physics!
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