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Why are dibosons interesting?

H— 2e2u

1) an important background to Higgs discovery
2) asignature of new physics i
T A. Wilson

~ 0
.. »
——>/7'+ Mass [GeV]

o) G

GMSB with Gravitino= LSP

Entries/2.4 GeV
-

G

3) a gateway to beyond the
Standard Model via the
Triple Gauge boson Couplings.

We look for anomalous TGC
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Diboson Signature Physics

WrW-—=2 |viv 2 opposite sign leptons + Std Model WW production
Missing E; Std Model Higgs
Z’ decays
anomalous charged TGC
WEZ =2 v I lepton+ Missing E; + Std Model Wz
Pair of opposite sign leptons SUSY, Technicolor
anomalous charged TGC
2> lvy lepton + photon + ME; Std Model Wy
anomalous charged TGC
ZZ 2> Il 2 pairs opposite sign leptons Std Model ZZ & Higgs
or or anomalous neutral TGC
Il vv 1 lepton pair+tME; GMSB
Zy =2 Iy 1 lepton pair+ photon Std Model Zy
anomalous neutral TGC
GMSB
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Diboson cross sections: Tevatron and LHC

Tevatron LHC 14 TeV
1.96 TeV o(pb) o(pb)

W width included 12.4 111.6 total
w7z W,Z on mass shell 3.7 47.8 total
Zy E;Y >7GeV,AR>0.7 219  total
Wy “ 451  total
7 Z’s on mass shell 1.43 14.8  total

cyLHC 10 X cTtevatron

Much higher sensitivity
gLHC =10 x %vatron o possible at LHC

V SLHC — 7 2 \/Stevatron )
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Standard Model Diboson Production in Hadron Colliders

g Vv V1 g - 1 - V1
0 )
TGC q Y |
vertex —_

3 T, g 2 = v,
S t u

SU(2)®SU(1) is non-Abelian =2 TGCs appear (s-channel)

effective Lagrangian for charged TGC: only C & P conserving terms

L/ Gy =10 W, WA =WV W) +ig WW, VA +i %W;ﬂwv“\/ P

W

v=2Z/y & g9,,,=-¢ & g,,,~e€cotf, v =0V,6 —-0\V

y73% JTY v ou



Five Anomalous Charged TGC Parameters

A
VU —\A/JHV +\AJV y73% A% Y7, + —
[1+Ag VW W™ -W W )+[1+A1<V]W;\N;\/ +_M2V WA,
W
K. HAGIWARA, R.D. PECCEI, D. ZEPPENFELD Nucl. Phys B282,253

Agt =8,°-1 Ax; =x;-1 Ak, =x,-1 A, A
all = 0 in Standard Model

Resulting cross-sections become larger for non-zero
anomalous terms




Neutral anomalous TGC’s effective Lagrangian

L, =— IW[f (ON*)Z,(0°2,) - T OV, )Z"(0°Z,)

by

7/

j Bauer, Rainwater Phys Rev D, 62,113011

R

Rl Zﬂﬂ —1c JZpG

2 ,uvp

At tree level, no s-channel in SM = f,V=f.V

CP invariance and parity conservation respectively




Obijective:

Investigate diboson production cross sections in lepton/photon channel
and establish their sensitivity to anomalous Triple Gauge Couplings
(TGCs)

Method:

Step 1: a: Generation of diboson production with lepton decays only
b: Simulation in ATLAS

Step 2 : a Extract diboson signal (u, e, ») with kinematic cuts
b: Improved signal/background using Boosted Decision Trees

Step 3: Compare pseudo ‘observations’ of differential cross sections to
expectations from anomalous TGCs =
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Step 3: cont

Measure diboson production cross doyw s M
sections. Anomalous TGCs amplitudes dM T
increase with /S or g 3 - -
-f.!:
= 3 .
A/S =diboson invariant mass <
_ do do
We consider: —— and ——
dM; dP;
These are sensitive to anomalous _pdfsctegém ..

0 400 800 1200 1600 GeV

TGCs , especially at high M, p;

M; = diboson transverse mass
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MC Generation of diboson signals and backgrounds

SM Diboson Signals:
MC @NLO (v3.1) for WW, WZ, 77
Pythia (v6.4) for Wy, Zy.
K-factors used to normalize to NLO

Anomalous TGC cross sections:
BHO and BosoMC

Large statistics (> 30 M events) background event samples:
Pythia (with K factors), MC@NLO, Acer, Alpgen

All events run through full detector simulation



Analysis

Method 1: Straight Cuts on kinematic variables
Method 2: Multivariate Boosted Decision Tree

Examples: Event Selection for Straight Cuts

WW=>Ivlv | 2 isolated, opposite charged leptons with P;>25 GeV
E.>30GeV, |[M,-M,|>30GeV, Njet(ET >30GeV) <2

> (E; +B™™) <60 GeV

WZ-2>Ivll 3 isolated (2 opposite charged) leptons with P;>25 GeV
Vertex cut: AA <0.1 mm AZ<1lmm

E,>30GeV, |M,-M,|<10GeV, N, (E; >30GeV)<2
(B, +PP) <60 GeV, 40< M, <250 Gev

ZZ~> 1 4 isolated (2 pairs opposite charged) leptons with P;>20 GeV
Vertex cut: AA <0.1 mm AZ<1mm, no jets




normalized to 1

normalized to 1

Event selection for: WW=>uvuv
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Boosted Decision Trees

1. Split training data recursively using ~20 input variables as classifiers until
stopping criterion reached.
2. Eachevent ends up on either a signal leaf or background leaf
3. Misclassified events are re-weighted in the next decision tree (boosting)
4. Build a sequence of ~1000 trees with training data
5. Obtain event score = sum of signal-background leaves, over trees.
6. With test data: process through tree, apply cut on BDT to get S/B
WW — evuv(red) vs. Allbkgd(blue)
4500
| 20
S | E:E | ATLAS pp - WW — evuv Analysis
K - 218 - o, =9%
3000 . |
22500 2 16 ]
52000 I baC kgr u ) g 14__ no BDT cut
1500 - signal 5
1000 - f 121
' = I
5 1] om,
-1000-800 -600 -400 -200 0 ZI 400 600 2200 41000 0 100 200 300 400
BDT Output (un-normalzed) BDT Cut
Tune BDT cut to minimize error on cross section measurement
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Major Background: example WW—2>evuv

tt > 1 +x 28% 1 lepton + jets fakes lepton +fa
oy = 830 pb missing E;
Z[y + jets 28% 2;leptons not vetoed by M, cut
G4, = 84 nb +fake Mlssmg.E
WH+jets 12% &
Owyy = 85 nb jet fakesaneor p
wz 16% t J 2 opposite sign leptons
owz = 48 pb + 1 missing lepton

" Drell-Yan | '14% 2 opposite sign Ieptons'

Opy =32nb



Signal & Background for 1 fb

(includes 20% systematic error)

Signal Events | Background Signal Significance
Events Efficiency

Wz vl 128 +2 16 +3 15.2%

cuts 53 +2 8 +1 6.3% 11.4
WW-lvlv  BDT 469 +6 92 +8 4.9% 23

cuts 231 +4 223 +21 2.4% 15.5
Zz->4l cuts 17+ 0.5 1.9 +.2 7.7% 6.8
27->2I cuts 10+ 0.2 5 +2 2.6% 3.2
Wy lvy BDT 3770 +153 2520 +250  6.6% >30
Zylly BDT 1118 +35 616 +62 9.2% 25.3
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Computation of TGC limits
1. Generate events in anomalous TGC space, get weights: w=do . ../doy,
2. Fully simulated events are reweighted
and BDT selection cut applied to get reference distributions: do/dM;

10/28/2008
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3. Poisson sample an ‘observation’ from Standard Model (signal + background) M;
distributions. In 1-dimensional case, set all but one TGC parameter to zero.

!

i -1 . .
A mock observation for 1 fb Log (Likelihood) vs Ak,
E - e ' | —#— Mockdatafor 1.0 fbo' int. lum
— Background MC j [ T T ; T T T T T T T T T T T T T T T T E T T 1
=l ] = L ! ! ]
w 10°E [ ] SMWW MC stacked on bkgd.  &°0F o | |
% - A AC WW MC Ax,=0.16 N48F e log likelihood | -
% B reeeee AC WW MC 4,=0.16 . . tic it
(1] 10; S 3 146F —aere s
B [ - 144F
= =3 142
- . 140F
107" = -
= 5 138
_ SN T | SNSRI (SRR . U e 1360 -
0 100 200 300 400 500 C 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 i
M (WW) / GeV 02 -0.1 0 01 0.2

Ax,

*

4. Extract 95% CL limits from fit of binned Log Likelihood vs anomalous TGC
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Anomalous charged TGCs: Expected 1-D 95% CL limits

Source

ATLAS
ATLAS

CDF/DO

Lumi
fb-1

0.1
1

1.9/.16

}\‘Z
Wz

[-.062,.056]
[-.028,.024]

[-.13,.14]

Ax,?
WW

[-.44,.61]
[-.117,.187]

[-.82,1.27]

Ag,? Ax Y A
wz wWWw Wy

[-.063,.119] [-.47,0.51] X
[-.021,.054] [-.24,.25] [-.09,.04]

_ [-.88,.96] [-.2,.2]



Anomalous charged TGCs: Expected 1-D 95% CL limits

Source Lumi A, Ak, Ag,? Ax A,

fbt wWZ WWwW wWZ WWwW Wy
ATLAS 0.1 [-.062,.056] [-.44,.61] [-.063,.119] [-.47,0.51] X
ATLAS 1 [-.028,.024]  [-.117,.187] [-.021,.054] [-.24,.25] [-.09,.04]
CDF/DO  1.9/.16 [-.13,.14] [-.82,1.27] - [-.88,.96] [-.2,.2]

[-.015,.013] | [.035,.073] |[-.011,.034] | [-.26,.07] m

30 [-0.012,.008] [-.026,.0048] [-.005,.023] [-.056,.054] [.02,.01]

Anomalous neutral TGC 95% CL limits

L N N 2
[-.018,.018] [-.018,.019] [ .022,.022] [ .022,.022]

30 [-.006,.006] [-.006,.007] [-.008,.008] [-.008,.008]

LEP [-.3,.3] [-34,38] [-.27,.19]  [-.32,.36]
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Summary

Vector boson self couplings are fundamental prediction of the SM

Measurements of diboson production rates can test these
couplings and probe physics, beyond the Standard Model

With first 0.1 fb-! can establish WW, WZ, Wy, Zy diboson signals

with 5 sigma

This talk represents efforts of:
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Song-Ming Wang

Pat Ward
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Matrix Element Dependence on Q2

L/ Gy =10 WA WV, W) i WW, wmiw WA

M 2
K. HAGIWARA, R.D. PECCEI, D. ZEPPENFELD Nucl Phys B282,253
At tree level:  g%=g," =1 K=x"=1 A, =2, =0
define 5 anomalous charged TGCs:
Agt =8.4-1 Ax/? =x4-1 Ak =x'-1 A, A,

Final state Ak, Ax Ag,* A, A,

WW 3 3 Y 3 S

W2 &7 Y 3 S S

Wy X 5% S S 8§



Sensitivity of the couplings to various process
Ag,* ~sin WZ; ~s¥2in WW
Ak & AkY ~s in WW; ~ s1/2in WZ/Wy
A, & A~

Where @ is the diboson invariant mass
| 2 Limits on Ag,* should be smaller from WZ

=>Limits on Ax,* & Ak," should be smaller from WW
=2Limitson A, & ky same from any process
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Preserving unitarity

The 5 anomalous charged TGC couplings are defined as:
Agt =g,4-1 Ak =x4-1 Ak =x"-1 A, A

Unitarity is preserved via a cut-off scale A (set to 2 TeV):

(§) = AK, Axk,=value in low energy limit
B 1+ §/A2)” n=2 for charged TGC parameters
n=3 for neutral TGC

10/28/2008 Daniel Levin ICPP Istanbul
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Events / 50GeV

Mock observation in WW channel for increasing luminosity

0.1 fb
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TGC Results for 1 fb'! all charged TGC anomalous parametrs

j t T T T T T T T T T T T T T T T - g : T T T T T T T T T T T T T T T T T T T T :
B50 1 950 ]
= F 1.0 fb” data ; = 1.0 fb” data .
Nash- e log likelihood - Nas- @ log likelihood 3
146 - — quartic fit . 46: — quartic fit ]
144 1441 .
142 142F -
140 1401_ f?% confidence .
1380 1381 2
136 - .
. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 36-_ _-
-1 -05 0 05 1 L1 111 L L1l L1 (|
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! Ak,
:T :I T I T T T T [ T T T T I T T T T T T T T I T |: j LBLELEL I TTTT I TT 17T " TTTT | LU ] TTTT TTTT I UL :
Senl ; i N D50k ‘ ' - LI L I ]
E 50: 1.0 b data ] —gb 1.0 fb" data | 1
S o Iog el R N4g e log likelihood 1.0 b data ]
E — quartic fit E — quartic fit ® log Iilfeli.hood i
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142 g 1 \ 95% conﬁ: ence 142 /Z
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Likelihood for an observation of n events in a bin:

1+30p 1430 (.': n~—(fv.+f1,)
v+ fy, ) e e
L = j jgsgb s’ . df, df,
1-36, 1-35, n:

v="0 € expected # of signal/background events for
luminosity /. cross section o, acceptance €
Systematic uncertainty

g._=gaussian probability of signal/background in bin

Total log Likelihood over all decay channels, all bins

LL=-2 > > log(L)

channels=kbins=i



2-D limits on anomalous TGC parameters, various luminosity
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Systematic errors

Experimental:

Luminosity: (from Tevatron) ..., 6.5%
Efficiency: ..o 3%

Jetenergyscale ... 9%

Theoretical:

background uncertainty from limited MC statistics ...... 15%
PDF €rrors ..o e 3%

NLO Scaling ..oo.vviiiii e, 9%



2-D 95 % CL limits on anomalous TGC parameters with and
without systematic error

]
<

ATLAS

PRI RPN SRR R D R R
0.2 0.1 0 0.1 0.2 0.3
-_xxz=agf

Left: WWZ TGC limit contour without systematic errors
for A, vs. Ag, = Ak,

Right : WWZ TGC limit contour with
the systematic errors (Gg;gna = 9-2%, Ggackground = 18-3%)

Integrated luminosities of 0.1, 1.0, 10.0 and 30.0fb™",

Systematic errors become significant at 30fb~".
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Boosted Decision Trees

Event sample( n variables)

S/B

CutV.
500/800 '

node

S/B
400/310

/B

Qmso
/I eaf

S/B
200/150

node

[ s )
1160/60/
\ leaf

Reweigh
misclassified
events in
previous

iteration (tree)

) |

Event sample( n variables)

node

500/800

/a\

SB | cuty,

S/B
420/280

node

CutV,

Ieaf
/s

200/130

S/B
220/150

Cuty, leaf

%

iS'r

Qoxso /
leaf

N

140/100

\/If

Tree i+1

Split data recursively using
~20 input variables until
stopping criterion reached

All events settle on “signal”
or “background” leaf

Misclassified events are
weighted in the next
decision tree (boosting)
Build a sequence of 100-
1000 trees

Final score from all trees.

H.-J. Yang et.al. NIM A555 (2005)370, NIM A543 (2005)577, NIM A574(2007) 342
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