Heavy resonance searches in ATLAS

Emmanuel Laisné

LPSC Grenoble / Université Joseph Fourier
On behalf of the ATLAS collaboration

";:":—‘T* Outline
\; e D}\:J. * Motivations

\/\/u\ " =~ '« Lepton reconstruction
N\ @O | S
SRAS i—) « Heavy resonance searches

CATLAS

7
S VA
i JAEXPERIMENT

Perspectives

08/10/2011 GDR Terascale - Marseille



High mass resonances

* High mass resonances predicted in SM extensions ... 7

— GUT -> New gauge bosons Z’, W’

— Extra dimensions -> Randall-Sundrum Graviton : G*

— Technicolor -> Low Scale Technicolor : p;/w; |
— Benchmark models -> 7'\, & W, W’

v

 ATLAS Online Luminosity Vs=7TeVv
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o ...imply % or fv signatures
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— Dileptonic final states
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— Lepton + MET final states
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» Main challenge : Reconstruct and identify very high pT leptons
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Electrons reconstruction and identification

'

s e channel
. x10
* Reconstruction S oof amas ' DY AAARE
— Isolated energy deposit in EM calorimeter 5 2 J Cdte 101" gz E
matched to an Inner Detector track ks 16E (s = 7 TeV =
14F- 3
— |nl| <2.47 12E E
— exclusion of barrel-endcap transition region 12: E
6F E
Energy resolution : i3 E
o(E)/E = 1.1% (barrel) 3 3
n
1.8% (endcap)
>
o o S ATLAS 2 Deta 2ot
e |dentification criteria < deH oerp’  Eldbosor
. S - L
— Shower shape, leakage into the £ \s=7TeV E:fmets
Q@ QCD
L

hadronic calorimeter, track quality
— E;>25GeV
— Hit in 1st pixel layer
— Calorimeter isolation

* Highest pT electron only (ee)

Leading Electron Isolation [GeV]
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Highest mass candidate (ev searches)




'

Muons reconstruction

e Reconstruction

— Combined track from Muon Spectrometer and Inner Detector

— n coverage - X1 H,‘f‘h,?‘ﬂr.‘?,'. S
SUNT S 22F ATLAS e Data2011
* Removed misaligned chambers @ 20F Dz E
S 18F =1 -1 =
* No barrel-endcap chamber overlapp = 165_\IL_d;T1V21 ° =
* |n| <2.0 (uv only) 1‘2‘: :
8- E
Average momentum resolution E 3
2F =
200 @ 1 TeV 12 . =
n
* Selection criteria ° 10 f““s gz
: : : 5 Ldt=1.21f"  Cbboson 3
— S 10° [ i -
Hit requirements in ID and MS 2 10 7Ty T
— Criteria on impact parameter (d,, z,) w.r.t PV 10° Hew
— Track isolation 10° :
10°
10 IIJ\‘\I\IIIIIIlII\\‘\IIJY\\\Illlllllllj\\\\‘llll
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Highest mass candidate (uu searches)

Run Number: 183780, _
Event Number: 72206332 T <
Date: 2011-06-21, 05:40:02 CET
Cells: Tiles, EMC

Collection:

-J-.

_,‘
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[lanalysis strategy

, ee channel
* Main observable : @ T
\/ 5 ; g 10 ATLAS R
—_— — 0] 5 Diboson
i Ell i o 10°¢ .[Ldt= tosib!  Hg
. 4 ‘ EW-+Jets
* Event selection 1 \s=7TeV B3 (1000 Gev)
_ _ 10°§ 5171500 GeV)
— Single lepton trigger 12
— Primary vertex with >2 tracks 10
— At least 2 leptons 1
10"
— Opposite charge (only for muons) b L e
E, [GeV]
e Backgrounds taken from simulation Y ______puchannel
§ 106 ATLAS ° Dat*a 2011
— Z/fy* = 10°0 %S/izoson
. _[Ldt: 1.21 b =§V+Jets
~ Wiets STRACT =
— Diboson : WW, ZZ, WZ 10°F 71500 Gov)
_ tt 10
10
 Data driven background :
_ QCD 10
. Lo 100 200 300 400 500 600
— Cosmics (only for muons) -> negligible b [GeV]
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[[results

ee channel )

Normalise background to data in Z peak

[
Tt 10° ® Data .
g ATLAS o2y region 70-110 GeV
w 10 J » E[_}iboson
10* Lat=10810" @l sers — Cancels out mass independent systematics
10° Ns=7TeV Egﬁ%ua GeV) .. )
[Z'(1250 GeV) — Remaining systematics :
102 [J)Z'(1500 GeV) . :
Source diclectrons dimuons
10 signal  background signal background
1 Normalization 5% NA 5% NA
PDFs/as NA 10% NA 10%
10" QCD K-factor NA 3% NA 3%
102 Weak K-factor NA 4.5% NA 4.5%
. : R Trigger/Reconstruction negligible negligible  4.5% 4.5%
80 100 200 500 1000 2000 Total =07 7 o 307
Mee [GeV]
Uy channel
. « g . JU NS S ' L
* Discovery statistics (Bayesian) 5 1 ATLAS 2 Data 2011
. o , i 10° S0ib
— 2D maximum likelihood fit . JLdt: L
’ ‘ b | Btor
for M(Z’) and N(Z’) e \s=7TeV D100 0 Gev)
1Z(1250 GeV)
— p-value : 54% (ee) 24% (up) 10° [JZ(1500 GeV)
T 10
* No significant excess 1
— 95% CL limits on N(Z') 107
— Converted into 95% CL limits on 0.B(Z’) 0% |
80 100 200 500 1000 2000
Z’ could be replaced by G* or p;/w; all along the slide my, [GeV]
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oB 95% CL limits - ee channel
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b - \s=7TeV I Expected+ 16 7|
B Z —ee Expected+ 26 |
B — Observed limit ]|
10 = =55 =
g —Z, -
B —Zy ]
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C ee:det=1.08fb'1 ]
O S R I N N AN SR I SR W
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* m [TeV
G*— ee [TeV]
g T LI | L I LI | L I LI I 1T I LI I T
E 1E ATLAS --- Expected limit —
o - \s=7TeV I Expected + 16
B G* = ee Expectedt 20 7
R — Observed limit |
» = k/M,, = 0.1
107E kM, =005 3
C — kM, =0.03 3
B — kM, =001 ]
102 3
:ee:det=1.08fb"
10—3 1 | 1 1 1 I 11 1 I 11 1 | 11 I 11 1 | | N I 11 i I 1 1 1
02 04 06 0.8 1 1.2 14 16 18 2
m [TeV]
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E T | LU T T T I L | T T T I L | T T 7T I L I L I L I T
& 1= ATLAS Preliminary —
m = ‘ --- Expected limit 3
o = \s=7TeV 3
u | Expected+ 1o 1
B Expected+ 20 ]
107 — Observed limit 3
N —pjo; see
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E ee:j Ldt=1.08f" E
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02 04 06 0.8 1 12 14 16 1.8 2
m [TeV]
. . ’ ]
Limits on Z’ like resonances
) ’
- LSTC pT/U)T % 108 JIQTLASI . ‘Dlatba 2011
Lﬁ 10° E%’?ﬁ:csun
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10
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2000
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GDR Terascale - Marseille



oB 95% CL limits - yuu channel

)
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C Z'—up Expected+ 26 | B . Expectedt o
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107 ¢ Z,SS"" E 107E — Observed limit 3
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= ATLAS o . . .
1 --- Expected limit — )
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i G* - up Expectedt 26 7 , ,
i — Observed limit | VA SSM & E6 models Z
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107 KM, =005 3 — 2 — ——
= W 003 ] LSTC pT/ Wy & ATLAS o on
= Mpy =4 . iT] ODiboson
- — WM, =001 ] — G* J Ldt=1.211f" .t\;\:::;
i Ns=7TeV Egﬁ%m GeV)
102 [JZ'(1250 GeV)
= [J1Z'(1500 GeV)
Cup: | Ldt=1.211"
ool b L L N L N e i
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oB 95% CL limits - Combined

2 ; pfw,— I
R R A L

ATLAS Preliminary .. Eypected limit —

\s=7TeV g Expected+ o
Expected+ 20

— Observed limit

=gy — |l

—Z, =

—Z, -

— pT/cnT =l

G B [pb]

107

102

ee:j Ldt=1.081"

”:I Ldt=1211"

P TR IR B v b b 1 1
02 04 06 08 1 12 14 16 18 2

m [TeV]

My 5o > 1.83 TeV (1.82 TeV exp.)

107

o B [pb]

Es 7' Models

*
G*— |l
T I L I LI | L I T 1T | L I T 17T I T
1 ATLAS --- Expected limit —
= \Ns=7TeV I Expected+ 16 7
B G* =l Expectedt 20 7
u — Observed limit _|
y = /M, = 0.1
107 E kM, =005 3
C — kM, =003 ]
N — kM, =001 ]
107 =
:ee:ILdt=1.08 b ]
_}Lu:ILdt =121
10-3.I...I...I...I.. PRI T AR AR ST S U A ST i
0.2 04 06 0.8 1 1.2 14 16 1.8 2
m [TeV]

Meg+/mpi=0.1) > 1.63 TeV (1.61 TeV exp.)

Model/Coupling | Z,, Zy Z, Z; Zi Z,

RS Graviton

Mass limit [TeV][1.49 1.52 1.54 1.56 1.60 1.64

Model/Coupling {0.01 0.03 0.05 0.1

Tevatron (CDF uu) : 1.071 TeV
LEP indirect searches : 1.787 TeV

M 1/7 > 470 GeV (442 GeV exp.)

with m(p,/w-) — m(rt,) = 100 GeV (LSTC)
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Tevatron : 1.058 TeV
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[v analysis strategy

e Main observable :

mr = \/QpTE%”S*"(l — oS @iy )

* Event selection
— Single lepton trigger

— Primary vertex with >2 tracks

— Exactly one lepton
— Missing E; > 25 GeV

— Missing E; > 0.6*E; (only for electrons)

* Backgrounds taken from full simulation

— Z/y*W
— Diboson : WW, 77, WZ
— tt

 Data driven background
— QCD
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Events

Events

v channel
7 T T T T T T T T T
10 ! ATLAS o Data 2011
10 : [JW'(500)
; W — v [CJW'(1000)
10° \s=7TeV [Jw(2000)

_ -1 Cw
[Ldt=1.041fb =

B itbar
[[]Diboson

10
102 - : :
10? 10°
p_‘F [GeV]
v channel
7 T T T T — T T

10 I ATLAS ® Datal 2011
10° W [JwW(500)

— [Jw(1000)

10° \s=7TeV [Jw(2000)
K DW
10t [Ldt=1.041b 4
3 W tibar
10 [[]Diboson
102

ET° [GeV]
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[V results

’ . .
U W—ev __» Background normalized with oB to data
I= ® Data 2011 . .
2 0 W Owisoo luminosit
] 105 W — ev CJw(1000) y
10 \Ns=7TeV [Jw(2000) : .
o fLat-1oes O Systematics .
10° o Esig Nig
moson Source ev iz ev 0z
2
10 Daco Bfficioncy 2.7% 39% | 27% 38%
10 Energy /momentum resolution | 0.3% 2.3% | 2.9%  0.6%
1 Energy /momentum scale 0.5% 1.3% | 5.2%  3.0%
10" QCD background - - 10.0%  1.3%
» | s Monte Carlo statistics 25% 3.1% | 94%  9.9%
10 102 10° Cross section (shape/level) 3.0% 3.0% | 95%  9.5%
e [GeV] All 7% 63% | 18%  15%
W’ — pv
. . . . E 107 | T T T T T T T T T
* Discovery statistics (Bayesian) 5 ATLAS o Daacor
. . . . . . @ 10 W' — pv [JW'(1000)
— Single bin counting likelihood fit 10° \s=7TeV CIw(2000)
. _ -1 Cw
* Counting events for m; >mq;, 10° JLat=1.04t mz
10° B ttbar

[] Diboson

M, Chosen to maximise sensitivity
min []acb

102

10
* No significant excess 1
10
— 95% CL limits on N(W’) 102 . Ll SRR
102 10°
— Converted into 95% CL limits on c.B(W’) m; [GeV]
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W’ 0B 95% CL limits

W ev
ro = SRR
&

m C
b -
107
10%E
- ATLAS
- Woev
10°\s=7TeV, [ Ldt = 1.04 fb’
i | L |

T T | T I
--e-- NNLO theory
—e— Observed limit

----- Expected limit
[ Expected + 1o
Expected + 26

1000 1500

2000

500 2500
W,—> | ) m,,- [GeV]

3 1 __I T 1 T T T T T ‘ T T T T | T I__
2 - --e-- NNLO theory ]
cg B —e— Observed limit |
. Expected limit -

1 0_1 j [ Expected + 16 i

= Expected + 26 ]

10%E E

- ATLAS ]

C W Sy i
10°=Ns=7TeV, [ Ldt = 1.04 fb" E

C 1 . | L | | T

1500

500 1000
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2000
m,,, [GeV]

W — uv
Y o B S R
= B
om -
b -
107
10%E
- ATLAS
T Wouv
10°=Ns=7TeV, [Ldt=1.04 fb"
C_| I | I I |

o ! |
--e-- NNLO theory
—e— Observed limit

----- Expected limit
[ Expected + 1o
Expected = 26

500 1000

1500

2000

My ssmy > 2-15 TeV (2.23 TeV exp.)

Tevatron (CDF ev) : 800 GeV
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Conclusion

* A search for heavy resonances has been performed in ATLAS
— LHC results have now surpassed results from Tevatron and LEP
— Still no significant excess beyond the Standard Model expectations
— Cross section limits set and converted into mass limits

MZ'(SSM) > 1.83 TeV ’ MG*(k/MpI =0.1) > 1-63 TeV ’ MpT/wT > 470 GEV ’ MW'(SSM) > 2.15 TeV
arXiv:1108.1582v1 arXiv:1108.1316v1

* Data still being recorded
— 4x times the analysed dataset on tape
— ~5 fb-1 by this winter

* Perspectives

— More BSM models interpretation to be included/updated
* Non resonant : contact interaction

— Improvement of analyses
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Perspectives (‘d)

* Expected limit reach : Z'c\;, W <o
— Last year results show accurate expectations (ATL-PHYS-PUB-2011-002)

a L L e a L L L -
i— E ATLAS Preliminary (simulation) 2011 dataset 1 i ATLAS Preliminary (simulation) 2011 dataset 3
> B ] >~ -
a joi L 95%CL Limit Z— eeup l | @ 10*EF 95%CL Limit W'— ev,uv 5
< E E S e o mm e omm o e e o e e e e — o = w ]
£ e 3 £ ]
3 - 1 3 e m e e i
'EPS M. > 1.83 TeV ] 10
103-;_ ——————— _E. E
- ] 10? =
I i e-7 TeV .
107 = I y
S 3 10 i"8 TeV =
¥ N . 9 TeV ]

. & PP R R R AP S B Y P - R
0.5 1 15 2 25 3 b5 1 15 2 25 3 35
Z Mass [TeV] W’ Mass [TeV]

* Full 2011 dataset (~5 fb?) :
— Discovery ?
My (ssm) > 2-3 TeV, My ssn) > 2.6 TeV ?

08/10/2011 Emmanuel Laisné - Heavy resonance searches in ATLAS GDR Terascale - Marseille



GDR Terascale - Marseille



Data - MC comparison (/)

* Expected number of background events vs data count

m.+.— |[GeV] 70-110 110-200 200-400  400-800  800-3000
DY 258482 + 410 5449 + 180 613 £ 26 53.8 £3.1 2.8 + 0.1
tt 218 + 36 263 £+ 10 824+3 544+03 0.1+£00
Diboson 368 £ 19 85 £ 5 20+ 2  3.14+£05 03£0.1
Wjets 150 £ 100 150 £ 26 43 +£10 46 +1.8 02404
QCD 332 £+ 59 191 £75 36290 18+14 < 0.05
Total 250550 & 510 6128 4+ 200 803 =40 68.8 £3.9 34404
Data 259550 6117 803 65 3
m,+,- |(GeV] 70-110 110-200 200-400  400-800  800-3000
DY 236319 & 320 5171 4+ 150 483 + 22 40.3 £ 2.5 2.0 4+ 0.3
tt 193 £ 21 193 £ 20 63+6 424+04 0.1+£00
Diboson 307 £+ 16 69 &+ 5 25 £2  1.74+05 < 0.05
W+jets 1 +1 1 +£1 < 0.5 < 0.05 < 0.05
QCD 1 +1 < 0.5 < 0.5 < 0.05 < 0.05
Total 236821 + 487 5434 &+ 150 571 £ 23 46.1 £2.6 2.1 £ 0.3
Data 236821 5406 557 51 5
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Background evaluation - example (ee)

* Backgrounds
— Z/ v*, dibosons, W+jets, tt from MC -> normalised to each others
— QCD shape evaluated from data (3 methods)
* M, fit to data
— 2 components: QCD + MC bkg (fit 70 < M,, < 200 GeV)
» QCD proportion + normalisation to luminosity 70 <M, < 110 GeV

* Normalisation factor : ~0.99

2 E S ]
Methods .j§_. 105%— Y2ldof=13/17 _%
1. Reverse id template 104? _
— 2g20 loose trigger 1035_.- .................... %\-\m

— electron selection reversing isEM id cuts 10‘% _

* Loose !(AEmaxg, & w,,) 1ok R —

— Extrapolated to high M, f(x) = p,x?1xP2*Lo9¥ i | | | i

1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1
1 80 100 120 140 160 180 200

» « dijet » function fit :

2. lIsolation fit ,
Results taken as systematics

3. QCD fake rates from inclusive jet samples
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([ analysis - 2D likelihood fit

 Marginalized 2D posterior probability

o Signal Scan, Best Fit o Signal Scan, Best Fit

—— 68% Contour ¥, — 68% Contour

> L L L B 5 > L L B L B 5
8 E - ! j_
Y ¥ ATLAS : N ' ATLAS 154
E . £ 18 —_
L ILdt=1.08fb'1 1.6 | JLdt=1.21 o™ -
i \s=7TeV 1.4 \'s =7 TeV —
1.2 , -
Z — ee Z —uu .

l l“‘""l!: i ! 1

b

0.02 004 006 008 01 012 014 0.16

0.02 0.04
o7 [PP]

0.06 008 0.1 0.12 0.14 0.16

G2 [pb]
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([ analysis - Technicolor vs 7’

* Acceptance x efficiency vs resonance mass

5 1 :' LI LA DLENL L L L L L L L L LB .' T .‘ et |. LI |. L ‘: 5 1:| LN LI L L L L L L L LI O B L l:
S ook ATLAS Preliminary, Simulation - e E ATLAS Preliminary, Simulation
Qo F ) 3 [ 0.9F =
3) E = Fitted Z' Eff 3 S = — Fitted 7 Eff 3
= 0.8 — Fitted p /co, Eff == itte E
L = m oo MC = w g — Fitted p/o; Eff 3
+— E T = e - —
§ 0.7E T = § 0.7E B p/oMC E
w 0.6 — w 0.6 —
b E E x g 3
§ 0.55— _E g 0.55— _E
g 045 = £ o04f - - ——
8 o0sf = 8 0.3:;».‘.‘-.‘.7 =
< o0z2F = < o02F =
0.1 = 0.1E =
0:...|HH|...‘\"‘.|...‘\‘H.|...‘|H‘.|...‘|HF 0:...|....|....|....|....|....|....|....|....|...:

02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1
Mee [TEV] my, [TeV]

e Kinematics

w T T T T ) = T T T - — W T T T T T T =
3] 0 2 E
= ATLAS Preliminary, Simulation S ok ATLAS Preliminary, Simulation —| < : ATLAS Preliminary, Simulation |
O ol | ] E Y, © E O gt : —
] - —SSMZ E LI>J F —SSMZ E Lﬁ —SSM Z E
y— L _ — N ] u— -
) C — LSTC py/m; ] © = — LSTC py/oo; B O \p2 — LSTC p /ey 1
c c 102 =i — [ E
e B 7 2 3 K] E
= F= E =
c 1 o F 3 5
e g ] @ 10° -
L - L E
(T B b L 107 L E
. 3 3 104 -
107 = 5
102 L 1 | ! 1 E L | | | | = 10 ) .
2 1 0 1 2 50 100 150 200 250 300 20 40 60 BO 100 120 140 160 180 200
15 o 15
£ g g -
B - w L *
o ; M...‘ﬂ.. cesessts®®®®e e , ey ot * ®eq_ b + + + | J [+ - + 1 Io
il L a2 S ® 'ee 8T8 T Y v m 1 g0 g0 oy
L bd ' E ”+++ + * H]#‘h Pl (o *¥s%enw T + T i
05 2 E] ] 1 2 08 50 100 150 200 250 300 05 4 +
Lepton Leading Lepton p_[GeV] 20 40 60 80 100 120 140 160 180 200
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LSTC 2D limits

m(r;) [GeV]

11/10/2011

600

500

400

300

200

100

B Dilepton 95% Exclusion
----- Expected Limit

%
----- Expected+ 1¢
s
%

%/W/WW//V///W////W%

Excluded:m(nT)-:»m(pTlmT) o

ATLAS Preliminary
ee:j L dt=1.08 fb"

N

JLdt 1.21 fb”
........ | .

150 200 250 300 350 400 450 500 550 600
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Highest mass candidate (ee searches)

h EXPERIMENT

Run Number: 183462, Event Number: 48979599
Date: 2011-06-14 02:48:15 PDT




/' 0B 95% CL limits
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10T = Z's5m =
- —Z E
: _Z’w :
107 E
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02 04 0.6 0.8 1 12 14 16 18 2
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Z'— Py

S T | T 1 1 I T 1 7T I L I T 1 T | L I T
a
o 1E ATLAS --- Expected limit —
o - \s=7TeV I Expected+ 16 ]
B Z —>pp Expected+ 26 |
B — Observed limit
10" = Z'ssm =
- — 2 ]
B —Zy ]
102 3
u uu:J-Ldt:1.21 o ]
10—3 | | | | I R A | I [

1.2 I I1.4I I 1.6 | I1.8| I 2
m [TeV]

02 04 06 0.8 1

Mz ssm) > 1.83 TeV (1.82 TeV exp.)

E¢ Z" Models
Model/Coupling | Z,, 7y Z, Z; 75 Z,
Mass limit [TeV]|1.49 1.52 1.54 1.56 1.60 1.64

Tevatron (CDF uu) : 1.071 TeV
LEP indirect searches : 1.787 TeV
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G™* oB 95% CL limits
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Tevatron : 1.058 TeV
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p-/w; 0B 95% CL limits
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Data - MC comparison (/v )

* Expected number of signal and background events vs data count (N,,,)
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Contact Interactions

» Search for constructive or destructive interference in the
Drell-Yan tail, coming from new physics

» Using the exact same Z' selection
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Contact Interactions Limits

Constructive Interference

Destructive Interference
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Background simulation

Generators and PDF sets:
Z, W: Pythia with MRST2007 LO*
WW, WZ, ZZ: Herwig with MRST2007 LO*
ttbar: MC@NLO + Jimmy + Herwig with CTEQ6
W+jets: Alpgen + Jimmy + Herwig with CTEQ6

Cross sections and PDF sets:
Z, W: NNLO (PHOZPR, FEWZ,MCFMs+HORACE) with MSTWO08
WW, WZ, ZZ: NLO
ttbar: approximate NNLO (HATHOR)

W+jets: NLO, rescaled to inclusive o at NNLO
Slide from F. Ledroit



