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The Large Hadron Collider at CERN

CM =14 GeV, Lumi = 1034 cm™

#27 km Tunnel in Switzerland & France
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Physics Motivations - Diboson

» It's related to some fundamental questions:

— Why massive bosons?
— What is the source of the EWSB?

« There should have some new physics leading to EWSB
through searching for
— Direct evidence of new particles (Higgs, SUSY etc.)
— Indirect evidence of observing anomalous TGCs

— SM diboson are important control samples for new physics
p

p

s-channel t-channel
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New Physics with Diboson

« WW - Higgs, Z', G, TGCs

« WZ - SUSY, technicolor, W’, TGCs
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Cross Sections of Diboson

Diboson mode Conditions Vs=196TeV /s=14TeV
c|pb] c|pb]

WHW—[14]  W-boson width included 12.4 111.6

w+Z0 [14] Z and W on mass shell 3.7 47.8

Z°7Y [14] Z’s on mass shell 1.43 14.8

WEy[15] EY >7GeV,AR((,y) > 0.7 19.3 451

Z0v [16] El >7GeV,AR({,y) > 0.7 4.74 219

Production rate at LHC will be at least 100x higher at Tevatron.
10x higher cross section and 10-100x higher luminosity.

Probes much higher energy region, so sensitive to anomalous TGCs.
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ATLAS diboson Event Selection

W*W- = v v 2 isolated leptons with P; > 25 GeV, opposite charges, AR(#)>0.2,
Missing transverse energy > 30 GeV, | M,-Mee/pp| > 30 GeV

Gyw = 113.3 pb N,.. (E;>30 GeV) < 2, | Vector-sum (lep, MET)| <100GeV
WZ=> vt 3 isolated leptons with Py ..., > 25 GeV, AR(#)>0.2
vertex cut for each lepton pair: AZ<1mm, AA<0.1mm
Gw.z = 29.4 pb MET > 30 GeV, | M,-Mee/pp| < 10 GeV, 40GeV < M. < 250GeV
Cw.z = 18.4 pb N,. (E;>30 GeV) < 2, | Vector-sum (lep, MET)|<100GeV
77 = (Y- ot 4 isolated leptons with at least one P, > 20 GeV
Separation between each lepton pair AR(#)>0.2
Gz, = 18.8 pb All the lepton come from the same vertex, no hadron jets
77 = ¢ vy 2 lepton with P; > 20 GeV, and | M,-M,;| <10 GeV, P,(#) > 100 GeV
veto the 3" lepton, MET > 50 GeV, N._, (E;>30 GeV) =0,
c,,=18.8 pb :

Ad(Z, MET) > 35 deg, | MET-PT(Z) | /PT(Z) < 0.35

W Y = AV, Y lisolated lepton with PT > 20 GeV
1lisolated photon with ET > 20 GeV

- *
GLl\-’}’_(51'8+38'8) 1.4pb MET > 30 GeV, 40GeV < M; < 250Ge, Jet veto, AR(¢y)>0.7
7 y — €+€-,Y 2 isolated leptons with P; > 20 GeV, opposite charges, AR(¢#)>0.2,
| M,-Mee/up| < 10 GeV, one photon with PT>20GeV, Jet veto
G, .., =20.2*1.4pb
LY AR(¢y)>0.7, | M,-Meey/uuy| > 30 GeV
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Boosted Decision Trees

= Relative new in HEP — MiniBooNE, BaBar, DO(single top discovery), ATLAS
=» Advantages: robust, understand ‘powerful’ variables, relatively transparent, ...

“A procedure that combines many weak classifiers
to form a powerful committee”

e Split data recursively based on
input variables until a stopping
criterion 1s reached (e.g. purity, too
few events)

» Every event ends up in a “signal”
or a “background” leaf

S * Misclassified events will be given
39/1 larger weight in the next decision

=100

PMT Hits?

4/37

< 0.2 GeV > 0.2 GeV

<500 cm | > 500 cm tree (boosting)
Radius? . ..
q ) » Build a set of decisions trees

H.-J. Yang et.al. NIM A555 (2005)370, NIM A543 (2005)577, NIM A574(2007) 342
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Analysis with Boosted Decision Trees

PP -> WW - evuv analysis using ATLAS fully
simulated MC datasets (~ 30 Million events).

20
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Diboson Results with 1fb-1 Int. Lumi

Diboson mode Signal Background Ns;  Analysis (signal eff)) G;;f;m]
WHW- —efvusv 419.9+35 80.8£8.0 47 BDT (eft=15.2%) 4.9%
W W~ —u+vu-v  90.3%1.6 202428 20 BDT (eff=6.6%) 10.5%
WIW~ — e ve v 78.0%1.6 35.443.6 13 BDT (eff=5.7%) 11.3%
WW— — (Tvl~y 103.1+£2.6 16.6£2.0 25 Cutbased (eft=2.0%) 9.9%
W7 — (Eviti 152.64+1.7 16.1£2.5 38 BDT (eft=17.9%) 8.1%

53.44+1.6 8.0+ 1.1 19 Cut based (6.3%) 13.7%
77 — 4 16.5+0.1 1.94+0.2 7.2 Cutbased (etf=7.7%) 24.6%
77 — (T~ vv 10.240.2 52+2.0 3.7 Cutbased (eff=2.6%) 31.3%
Wy— evy 190177 1474+ 147 50 BDT (eff=6.7%) 2.3%
Wy— uvy 29764121 2318+£232 62 BDT (eff=10.5%) 1.8%
Zy—e ey 3374412  187.2+£19 25 BDT (eff=5.5%) 5.4%
Zy—uu"y 774.84+25  466.7+47 36 BDT (eff=12%) 3.6%
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SM Diboson Production at LHC

s-channel t-channel

« Model independent effective Lagrangian for charg‘ed triple gauge
boson interactions with anomalous couplings (C & P Conservation)

AV

L/gwwy = ig) Wy, WEVY =W JWHVY) +i" W W, VHY + A W Wy VP
w

where V=2, v.

 In the Standard Model: g,v =«, =1 and A,=0.

- Five anomalous coupling parameters: Ag,%, Aiz, ,, A, and 2,
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Probing Anomalous TGCs in ATLAS

To probe the anomalous couplings we need a model of
the kinematic distributions for various couplings. We use:

— NLO generators
« MC@NLO produces events that are fully simulated in ATLAS
« BHO MC generates events with anomalous couplings

= =
g —— MCAINLO é* — MCAINLO
] BosoMC(BHO) S BHO
b =~
3 S
s _ 3
o 200 400 600 800 1000 1200 1400 1600 1800 2000 (] 200 400 600 800 1000 1200 1400 1600 1800 2000
MA W Z)(GeV) w P (GeV)

— Reweighting
» Using kinematic distributions from BHO we reweight the fully

simulated MC@NLO events to produce expected distributions
for a range of anomalous couplings.
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do/dM(fb/10GeV)

Anomalous spectra and reweighting ratio

TGC from WW with PDF CTEQ6M TGC from WW with PDF CTEQ6M
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* The M{(WW) spectrum for W*W- events with anomalous coupling
parameters using the BHO Monte Carlo.

« Atright are the ‘weights = do(non-SM)/do(SM)’ used to reweight
fully simulated events.
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M-(WW) sensitive to WWZ & WWy couplings

ATLAS - - ATLAS . .
> T T 1 1] |. T T 1 T T 1 Mock data for 1.0 fbint. lum. > 4 7\ LI B B T 1 T Mock data for 30.0 fb™" int lu
8 i I:I Background MC 8 1 0 E I:I Background MC
8 102 : ¥ [ ] SMWw MC stacked on bkgd 8 n [ ] SMww MC stacked on bkgd
> S O [—— AC WW MC Ak,=0.16 & 3 ; -------- AC WW MC Aic,=0 16
"GC-J' i F5 | e AC WW MC ,=0.16 :% 10 E ............... AC WW MC #,=0.16
Lﬁ 10 = |_|>_| -
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i = L i N
1 = N . o - | =
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107" i i
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« Binned likelihood comparing mock SM observations to a
SM profile & two reweighted anomalous profiles

« Using 10 bins from 0-500GeV and one overflow bin.

* |In addition, the three decay channels, ee, en, and pu, are
binned separately for a total of 33 bins.
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2D anomalous TGC sensitivity using M-(WW)

95% confidence contours for 0.1, 1, 10,

, o e |01
and 30 fb! integrated luminosity "2 / T 101!
0.1F | —10.0fb"
Right: HISZ assumption (2 parameters)—, N @’ —300fb1) !
Bottom: “Standard” assumption, BTN A
Z param. =y param. (3 parameters) 02 S s gl B
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ATLAS TGC sensitivity for 1.0 fb-

95% CL intervals for anomalous TGCs, cutoff A =2 TeV

Diboson A, AKX, Ag4? Ax, A,
WZ(ATLAS) | [-0.028,0.024] | [-0.203,0.339] | [-0.021,0.054]
1.0 b
WZ(DO0) [-0.17,0.21] [-0.12,0.29] AgZ = Ak,
1.0 b
WW(ATLAS)| [-0.108,0.111] | [-0.117,0.187] | [-0.355,0.616] | [-0.240,0.251] | [-0.259,0.421]
1.0 fb-1
WW(LEP) kz — xy Ak, = AQ,? [-0.051,0.034] | [-0.105,0.069] | [-0.059,0.026]
- Ak tan?6,,

Wy(ATLAS) [-0.43,0.20] [-0.09,0.04]
1.0 fb-
Wy(DO) [-0.88, 0.96] [-0.2,0.2]
0.16 fb-
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Summary

 The Diboson analyses use ~ 30 M ATLAS fully simulated datasets.

- WW, WZ, Wy and Zy signal can be established with statistical
sensitivity better than 5c for the first 0.1 fb-! integrated luminosity,
and ZZ signal can be established with 1.0 fb-! data.

« The anomalous triple gauge boson coupling sensitivities from
LHC/ATLAS can be significant improved over the results from
Tevatron and LEP using the first 1.0 fb-' data.

« SM Diboson productions are important control samples for Higgs,
SUSY, Technicolor, G, Z' particle searches with diboson final states.

LHC will start collisions in 2008 , please still tuned !
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Systematic Uncertainties

 Signal systematics ~9%
— Luminosity measurement 6.5%
— PDF assumption 3%
— NLO scaling 5%
— Particle ID 3%
» Background systematics ~18%
( in addition to the above)
— MC sample statistics 15% (may drop to 10%)
— Calibration on lepton, jet energy 5%

* The systematic errors start to dominate the
cross-section measurement uncertainties

after 5-10 fb1.
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ATLAS TGC sensitivity for 10 fb™

95% CL intervals for anomalous TGCs compare
with Tevatron and LEP, cutoff A =2 TeV

Diboson, Az AK7 Ag% ALKy Ay

(fit spectra)

WZ, (Mr)  [-0.015, 0.013] [-0.095, 0.222] [-0.011,0.035]

Wy, (pr) [-0.26, 0.07] [-0.05. 0.02]
WW., (M7)  [-0.040,0.038] [-0.035,0.073] [-0.149,0.309] [-0.088,0.089] [-0.074,0.165]
WZ. (D0)

(1.otb 1) [-0.17.0.21] [-0.12,0.29] (Ag% = Akz)

W=y (DO),

(0.16fb 1) [-0.88.0.96] [-0.2,0.2]
WwW, (LEP) [-0.051,0.034] [-0.105,0.069] [-0.059.0.026]

Ay = Az.AKz = Ag{ —AKy tan’ )
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Neutral TGCs Sensitivity (10 fb-1)

Pr—M: T
g Togt =e IYE Clify (PP + PPty 4 ifl el PP (g — ), |
VA
f# £ fi fi

ZZ — 000¢  [-0.010,0.010] [-0.010,0.010] [-0.012,0.012] [-0.013,0.012]
Z7Z — ffvy  [-0.012,0.012] [-0.012.0.012] [-0.014.0.014] [-0.015,0.014]
Combined  [-0.009,0.009] [-0.009. 0.009] [-0.010,0.010] [-0.011,0.010]

[EPLimit  [-0.30,0.30]  [-0.34.038] [-0.17.0.19]  [-0.32.0.36]
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M-(WZ) spectrum sensitive to WWZ
couplings

0.1 fb-!

> 135 —| —#— Mock data for 0.1 fi'int. lum
8 C [ Background MC
B aF [ SM WZ MC stacked on bkgd
E U N I e— ACWZ MC Ax,=0.15
=P | I I (- ACWZ MC 2,=0.02
= C
m : I = --1
o2 » ® oo L ] —
15F ——
13— ] [ ] [ ] T v e L B
05k =
0% 100 200 300 400 500
M, (WZ) / GeV

Events / 50GeV

iy

30 fb!

— —%— Mock data for 30.0 fio"' int. lum

000— [ Background MC
[ ] SM WZ MC stacked on bkgd.
A AC WZ MC Ax,=0.15
800 ACWZ MG ),=0.02
600— —
g
400— —
200— o
L. . — - ol o
0% 100 300 400 500

M (WZ) / GeV

« Binned likelihood comparing mock SM observations to a SM

profile and two reweighted anomalous profiles

* M{(WZ) was found to be the most sensitive kinematics

quanitity (P+(Z), M(ll), and others are also useful, but not as
sensitive).

« Using 10 bins from 0-500GeV and one overflow bin.

04/14/2008
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TGC sensitivity using M(\WZ)
with 0.1fb-1 integrated luminosity

— _||||||||.|‘ ‘IIIIII-II‘I'_ — T ||||‘||||

2 | ] 2 f
8‘:40 < 1 8)40_

D40
2 o 0.1 fb' data L 0.1 fb' data
Y3s Y 38) ® log likelihood Sagr ® log likelihood
a6 36 — quartic fit | 1 36: — quartic fit
34 341 ] 34r-
3ol azr - azk
a0k 30__ . %, confidence e 20
28 28 \M =1 28-_
26F 261 E 26-
RPN PR R RS i I RPIT IPEII IPPRIT IPPI B o I R T R
-1 -0.5 0 0.5 1 -0.15 -01 -005 O 0.05 04 0.15Z -0.1 -0.05 0 0.05 01
Ak, Ag) Az

One parameter limits (assuming other couplings are
SM)

Tevatron results

-0.4 < Ax,<0.6 012 < Ak: <029 2TeV DO with 1.0 /5!
017 < A < 021

-0.06 < Ag,4< 0.1 082 < Ak: <127 2TeV  CDF with 19 /b~
013 < A < 0.14

-0.06 <1,<0.05 o

04/1412008, Dired A erigdir Diboeor RhysiostabhiC: Alan

Wilson



TGC sensitivity using M(\WZ)
with 30fb-! integrated luminosity

J18f
o L

ARRNAARRRRARR:

318:_’I'|IIIIIIIIIIIIIIIIII T T
oD L

T T T LI B B I' LA B B | L - | 'I:
=3 30.0 s data = Se- 300 fb" data —: 26k
o ® log likelihood ] O ® log likelihood ] O
114 — quartic it 3 114r — quartic fit 3 114F
12 E 1120 3 112F
110" ] 110" / 3 110"
108 9424, confidence B 103;‘ 9 fidence —; 103;‘
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104} 104 . L aatl ] 104]
1020, | e 026l ed il ;=10 IR PR PN DU U D =
-0.2 -0.1 0 0.1 0.2 -0.040.030.020.01 0 0.010.020,030.0"-1Z -0.03-0.02-001 0 0.01 0.02 0.03
Ak, Ag; A

One parameter limits (assuming other couplings are SM)
A=2 TeV A=3 TeV

-0.08 < Ax, <0.17 -0.07 < Ax, < 0.13

-0.01 < Ag,4<0.008 -0.003 < Ag,4<0.018
-0.005 <1,<0.023 -0.008 < 1,<0.005
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Systematic Error Effect on TGCs
2D Limits, A=2TeV, using P-(Z)

Limit for AKZ=A9: and?, where A=2TeV Limit for AKZ=AQ1Z and A, where A=2TeV
& OF . . . . . .

0.2

N =
< r
0.2
0.1 -
- 0.1F

D _ [
— 0 O
01F B
- 01F

02k B
C 0.2

|||il|||i||||i||||i||||i||||i||||
-0.2 -0.1 0 0.1 0.2 0.3

No systematic errors 9.2% signal, 18.3% background
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Experimental Advantages

 W’s and Z’s leptonic decay final states provide
experimentally clean signals.

e Identification of W and Z bosons are well
established.

* W and Z masses provide a valuable constraint.

* They are good sources of high Pt leptons
— Efficient observation with low background
— Trigger at low momentum threshold
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