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Di-boson physics at LHC

CMS Preliminary

¢ 7 TeV CMS measurement (L =< 5.0 fb™)
¢ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction
£ CMS 95%CL limit

Standard Model Production Cross Section Measurements Feb 2014
R fo) SN
= o ATLAS Preliminary ~ Run1 v5=7,8TeV fen S R R T A A S
o 10°g~~
i T R =S N N T T
e | ma s LW
e > S 1
107 Bt gaw''® e O T A A S
E ey 45D (07 M iy 20301 vt
[ 3600 - o e n-n-ﬁ- T\
10! E otz | 4607 zont 6P 205 H
E z e i ]
| 36 pb 46M H
1 F njot > 4 - 4610 m—C— 1 ‘:mm-
: - ] Hoe -
L 46 1.7t
3 etz 5 H
1071 E_ 46 20.3 b
F njet > 6 s
Lo LHCpp Vs=7TeV LHCpp Vs=8TeV
1072 k& otz 7 mm theory , theory
o] Bl oot Bl oata
107 - - ” =
w A tt tedues WW 7Y Wt W2Z ZZ tt'}’ W‘}' Z‘}’ ij WK togua ttZ
fiducial ~ fiducial total lotal total fiducial lotal lotal total fiducial ~ fiducial iduci ( total

fiducial ~ fiducial total
njet=0

e various di-bosons processes are accessible at LHC

e measurement important to test the SM but also as di-boson

processes are an irreducible background for Higgs boson

searches

e di-bosons processes also sensitives to self-interaction
between gauge bosons — direct test of the non abelian

structure of (SU(2)xU(1)) gauge symmetry

Hugues BRUN

Di-Boson production Cross Section at LHC
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Overview

e cross section measurement takes advantage of rather clean final
states: photon and leptonic decays of W and Z — signatures will be
isolated high pr photon and leptons and missing Er

 backgrounds: Top, other bi-boson, V+jets, V+y,y+jets

« if possible, use of data driven estimations

cms Preliminary I this talk, cross section
measurement in following
channels:

°*YY

« Wy—lvy, Zy—lly

e WW—lvlv

e WZ—1vll

« 77—1111, ZZ—1lvv

« VZ—Vbb

o /—> 41

e WEHJWij—1vlvj;

—
o
3]

Production Cross Section, o [pb]
. 3 % & 9

—
Q
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- ATLAS: JHEPo1( 2)086
vy cross section at 7 TeV CMS: CMS-PAS SMP-13.001

signal: ___..CMSPreliminary is=7TeV _
« 2 isolated photons o ey, 8 F - datazott, L2500 2
background: ‘\g :ATLAS ! g | ZSHERM QQ?
. . . . . — o T 7/ RESBOS ,
* y+jet and multi-jets, with 1 or 2 jets fakinga 5 ©p e e LA g E
phOton 3 §\\§D|PHOX+;;AMMA2MC(CT10) yfgg : 3 I M) 1
: . L/ 2/NNLO (MSTW2008) +/+fo§\ . i SS 1
« subtracted using data driven methods L o - N -
E +////// S E
- _’_/////// @ - 1%@% E
acceptance cuts: mm %@% | L s ;
in ATLAS: 1@%&%&\%&% | '
e Pr,y1 > 25 GeV/c, pry2 > 22 GeV/c, ARyy > 0.4 . + ++ . <1°4
* |n|<1.37, 1.52<|n|<2.37 £ 5 fr, JE o
3 E + 3 s
] g 15?\ SRR \\\\\\\\\\w\g cf) 2
1in CMS: g § ;
* pry1 > 40 GeV/e, pry2 > 24 GeV/c, ARyy > 0.45 2 2 1., |
—asymmetric phase space to enhance ‘é—f g, 84
sensitivity to higher order diagrams N ’M”‘f; u ot s
0F ' : ' R 1
* [nl<1.44, 1.57<|n|<2.5 L A I S
A¢ (radian)
Measurement:
e NNLO prediction with 2 yNNLO shows
Measurements (pb) W  better agreement that NLO from

RESBOS and DIPHOX+GAMMA2MC
e SHERPA L.O shows a reasonable
agreement

44.0%32 45 44%0-5
16.8 £ 0.2 (stat.) £ 1.8 (syst.) + 0.4 (lumi) 16.2715_ 4
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http://link.springer.com/article/10.1007/JHEP01%282013%29086
http://cds.cern.ch/record/1597071/files/SMP-13-001-pas.pdf

_ ATLAS: Phys. Rev. D 87, 112003 (2013)
Wy/Zy cross section CMS: CERN-PH-EP-2012-376

[ J T T T T T I T I =
diagrams: > [ amas o
TGC (E 10 det=4.6fb", {s=7 TeV Eyﬁ;)sﬂ( o )_§'
8 o S vV)+ets, i -
ISR oo o FSR : ) _,CéJ 10 Ny =0, E! >100 GeV Sé(ev))ﬂets multi-jet 4
q / ’ 9 gJJJ\‘ G>) [ ] Wy, Z—t' Ty it E
-= w1
VO Ny TN W E
B w v 10"
v q v(l) q }
: 1072 . . .
. o1.2F ' ' ' ' ]
channels: SfF g E
§ Sosl +++ + ]
o WYQIVY ufj’- 100 200 300 400 500 Y 600
- 1 well identified lepton (u or ) Er [GeV]
— 1photon (Et > 15 GeV) i MS.L=siy! (s=7TeV
— large missing Er g - E ) + Daa
- veto 31'(1 lepton 8 SMZ(uuy 3
° ZY%I"‘]'Y: 10° :i/ ~|Jets — v bkg ?
. 2 Z Other bkg a
- 2 leptons of same flavor and opposite 108 ) N
sign 10 :
— M > 40 GeV in ATLAS (50 GeV in CMS) e NN

+ AR(l Y) > O 7 in both channels 10_1 /;5//ji; //////// ///;;/////////;;;;/
2 * Z 7
22/// ///22?/

107

T IIIII|T| T IIIIIII|

main background from W-+jets and Z+jets 107 : :
20 30 40 10 2x10

estimated using data driven methods p! (GeV)


http://prd.aps.org/abstract/PRD/v87/i11/e112003
http://cdsweb.cern.ch/record/1507410

Wy/Zy result at 7 TeV

ATLAS: . Measurements (pb) WA

Prediction (pb)

2.77 + 0.03 (stat) + 0.33 (syst) + 0.14 (lumi) 1.96 + 0.17

1.31 + 0.02 (stat) + 0.11 (syst) + 0.05 (lumi) 1.18 + 0.05

. MCFM

37.0 £ 0.8 (stat) + 4.0 (syst) + 0.8 (lumi) 31.8 £+ 1.8

5.33 + 0.08 (stat.) + 0.25 (syst.) £ 0.12 (lumi.) 545+ 0.27

e 7y cross sections in agreement with MCFM prediction

whereas Wy is between 1 and 2 o higher

- agreement back within 1 0 when including NNLO corrections (see Massimiliano
Grazzini talk at Moriond QCD)

e cross section measurement with Njet=0 is also perform and
show similar excess

e both result are limited by systematic uncertainty coming from
background estimation

Hugues BRUN Di-Boson production Cross Section at LHC



ATLAS: Phys. Rev. D 87, 112001 (2013)

WW cross section CMS:Phys. Lett. B 721 (2013) 100-211
3 T amas | om "
signal: S wr niw Bum
. . . = - [ top-quark =
» 2 isolated leptons + missing ET 2 s00- + W vets
= T ] non-WW diboson .
250:— g 4 Ofstatssyst =
2002_ . _i
background: 150 E
e top, Drell-Yan, W+jets, other VV process ' E
50F E
. 0%6™"T00 150 200 250 300 350
selection: mr(IET) [GeV]
« 2 isolated leptons of pT > 20 GeV/c + - Se8TeV L35
veto of any 3rd lepton s [ T
e large missing Er 2 ] mw |
« veto jets with pr>30 GeV/c 2 200 S
« in same flavor di-lepton categories: Z et s
veto + tighter cut on missing Et 100} !
data driven estimation of ttbar and W+jet | .,
backgrounds DU .
g 40 60 80 100 120

Hugues BRUN Di-Boson production Cross Section at LHC


http://prd.aps.org/abstract/PRD/v87/i11/e112001
http://dx.doi.org/10.1016/j.physletb.2013.03.027

WW result

MCFM

Measurements (pb) Prediction (pb)

CHR T RNCAAT\AN 51.9 + 2.0 (stat) + 3.9 (syst) + 2.0 (lumi) 44.7**1 19

SRR N@OR I\ 69.9 + 2.8 (stat) + 5.6 (syst) + 3.1 (lumi) 57.372%3.16

e main contribution to systematics is error on jet veto efficiency
e measured cross section has a ~ 2 ¢ excess respect to MCFM prediction

R ——————— @ excess 1s more at low pr

E 0.03= pata 2011 (fs=7 Tev ® Data . o

€ ooesf- det=(46fb-1) + S Unerainy — not consistant with an
¥ oL enhancement from TGC
5-—’53 0.015

fHH'HH'HH'H 4"'

” == 'measurement with full |
0.005 . .
L e 12012 dataset in progress |
% 1.5 ' ' ' ' ' ' . i Ak S e SR N
% 1% o—o— * T :
R T e R T R T ’]’/_¢ 350

Leading lepton p_[GeV]
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ATLAS: ATLAS-CONF-2013-021
CMS: CMS-PAS-SMP-12-006

WZ cross section

signal and selection:

e 2 leptons from Z with pT > (10, 20)GeV
e |mll-mZ| < 10 GeV in ATLAS (15 GeV in CMS)
« W: 3rd lepton + missing Et

systematics:
« coming from signal acceptance and
background estimation

e cut on mr (in ATLAS only)

\s=8TeV,L=19.6fb"

CMS Preliminary

C 1 T
| -e- data (2394) B 2z (69)
3 B all (2178) B Zy (50) _|
background: 00 i WZ (1617) VWV (45)
. . B data-driven (391) WV (6)
« Z+jets/y, other di-bosons, top :
Ezoo I +
> C T T T T [ T T T 1 ] B ]
5 350" 4 data E E, i ++ ++++
Ql - Owz - ] S i
~ 300 @zz S b o O 2t 4
42 ~ @W/Z+y 3: —+ +
o 250~ EW+jet fin 100 |~ ¢ |
T - OZ+et [ ] - 4
oo B3TOP = t
- ATLAS Prelimi ]
1505 S Preliminary E ,u“ o
- Ns=8TeV,[Ldt=13 1" : 0
100 — c 1 +—_
E E % : Ce®e 0% % * +H :
50 | 3 g o -?‘ R ST ¢‘¢ ¢+++++++ ++ ++.+ {.
// /7] . LU _ E % 1 F .
%0 70 80 90 100 110 120 ° 0 50 100 150 200
EM™ [GeV]

M, [GeV]


http://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
http://cds.cern.ch/record/1564318?ln=en

WZ results at 8 TeV

MCFM

Measurements (pb)

Prediction (pb)

13 fb- 20.3+0-8 o s(stat) 2., ;(syst)*°7_o.¢(lumi) 20.3+ 0.8

19.6 fb1 24.61 + 0.76 (stat) + 1.13 (syst) £ 1.08 (lumi) 21.91%117_gg

e agreement between ATLAS OMS Preliminary (s=8Tev, L =196
] L[] | | | | | | | | | | | | | | | | | | |
measurement and prediction . — o
theory — |umi.
e from 1 to 1.5 o excess respect to o
. . . 114 0..08 :_O.OGIS + 0.05 g
prediction in CMS
. . . o [ een 1.07 = 0.10
— an excess of similar significance has been also 107+ 007 005 00 e
measured with 7 TeV data in both experiments une 1.110.10 .
e excess present in all channels -
trT trT ror ror ror trT rrl toT 1.17:0..06::).06.10.05 @+
2 ATLAS Prelilminary | | | ' .......... ]
I R : 1125008 e
Hb ““““““ NLO QCD (MCFM, CT10) (R R N N S S AR R R R TR
10 -==+ WZ (pP)(66<m <116 GeV) — 0 0.5 1 1.5 2
E "... —_— WZ (pp)(66<m”<116 GeV) E 03\)/(:;)2/ O:Ir\mlfgry
[ | rin CMS, charge ratio was measured: !}
K LHC Data 2012 (Vs=8 TeV) J ;
: O ATLAS WZ— Wil (66<m <116 GeV) L=13 fb" ;
1 LHC DSata2011(r?=7TeV) . . —
~ ® ATLAS WZ— Wl 66<mH<116 eV) L=4.6 fb 7] O'
- Tevatto (15196 Tov) ] Wz — 1.81 £ 0.12 (stat.) £ 0.03 (syst.)
B B DOWZ— Wil (60<m”<12_? GeV) L=8.6 fb _| O'W_Z 8 T V
| A CDF WZ— Wil L=7.11b N e
1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0O 2 4 6 8 10 12 14
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- - S: S-CONF-2013-
ZZ in 4 leptons final state " 5 i

CMS Preliminary \'s =8 TeV, L = 19.6 fb
I [ '

signal selection:
* 4 leptons (eeee, puuy, eeup) + llttin CMS
e 66 GeV < my <116 GeV in ATLAS

60 GeV < my <120 GeV in CMS

N
o
[

e DATA

ZZ
T WZ/z + jets

Events / 25 (GeV)
S S

background:

-t
N
(=]
\
\

b= === 2 - m e m e m ey m e .-y = =

e coming from V+j/y, top, VV 10 -
» small in 41 channel (s/b=14), larger in lltt ol
channel (s/b=1) 0 '

200 400 600 800 1000
;'2207|||||||I:II|IIIJ|||:||||||||||||||||7 meeuu(GeV)
& 200/ ATLAS:Preliminary -
@ 180 - Data E
= - ]
= 160" zZ-Iill E FI
% 140 fra=zon’ Measurements (pb) Prediction
2 L (5= 8 TeV ] (pb)
]
g
£
5

o
5&
T Y i e e e e e
.o..‘ o ,°
. TP . .
> ® (] .
. AL I 08' .: - . .
oo 0, e 0 .
(] . N
) Ll . .
...
\

100} - .
PLONVR{ ol 7.1105. 4(stat) + 0.3 (syst) + 0.2 (lumi) 7.2+03 ¢ ,
80[":
60 ~:": """"""""""" 7
a0fs = 7.7+%5.0.5(stat)**5.0.,4(syst) + 0.3 (lumi) 7.77C.0.6
TR L-\'J ittt

230 40 60 80 100 120 140 160 180 200 220
Subleading Lepton-Pair Mass [GeV]
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-020
http://cds.cern.ch/record/1563178?ln=en

ZZ in 4 leptons final state

e differential cross section measurement has been performed

CMS Preliminary 's=8TeV, L =19.6 fb"

— I L L A I L L BN L L [N L I S B

S qef T T T —~ 09F ATLAS — POWHEG BOX
) N ] = — \/s=7 TeV ® Data =
folded D - . =

o e —*~ Unfolded Data B g 08f p + Stat. Uncertainty =
A ! .| Total Error : g;“ 0.7 f'— dt=4.61fb —= Total Uncertainty 3
o I i = ZZ — I'TI'T =
a~ o8 = POWHEG+gg ] S 065 =
N . =N = -
= oE ] L 0.5 =
Eg - 0.4F + =
o, o4 E o3t + | E
2 oz2f S - 0.2 E
- ———— :ﬁl =
O_...I...I...I...:.t..!...!g..!._ 0'1: -

0 20 40 60 80 100 120 14 :: L | .

77 P, (GeV) CEJ 1.5 | . E

O 2 3 T~ S =

= 15 o — w 05F . . . , , 3

S et TS ——— - 0 0.5 1 1.5 2 2.5 3

S o AR . A(I"1)

« g00d agreement between measurement and predictions



ZZ in 21 2v final state CMS: CMS-PAS-SMP-12-016

CMS Preliminary 2012, [L=19.6 fo', Vs=8TeV

° 8 300— | =
SIgnal: .,E E ZZ — 212v E
- 2 same flavor leptons + large missing Er "= =N
e large BR but larger background 200 (op, WY, et (date)

—sensitive at large Z pr 1501 " -

1002— S / b~0.7 —i

background: F E

e WZ, Z+), WW, Top : ]

5 ST — — -

. = T S _

selection: (CMS) @ ol B0 B0 e e s e
o) 50 100 200 300 40 1000

» 2 same flavor leptons of pr > 20 GeV/c Reduced MET [GeV]

« my in 7.5 GeV/c2 windows around Mz

« pr(ll) > 45 GeV/c

e cut on missing Et balance:
0.4<MET/pt(ll) < 1.8

Measurements (pb) Prediction (pb)

e reduced MET > 65 GeV XX SECEICNA 6.8+0-8. s(stat) 08 4(syst) + 1.08 (lumi)  7.92+47%., oo
» veto jets with pT > 30 GeV/c . :
(20 if b-jets) fair agreement with theory

result from ATLAS combined with ZZ in 41 at 7TeV: JHEP03(2013)128
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http://cds.cern.ch/record/1633371?ln=en
http://link.springer.com/article/10.1007/JHEP03%282013%29128

VZ with Z—-bb decay CMS: CERN-PH-EP-2014-022

e adapted from H—bb search analysis where scalar boson is
now considered as background
signal: background:

« 2 b jets from Z in bb decay e large background from Z or
eV can be W—lv, Z—ll, Z—vv W+jets

MVA analysis: cut based analysis:
6.3 0 observation 4.3 0 observation

> T -7 Tt

§ o cms R B O O o EEAVE  Emwems

2 = Is= 8TeV, L = 189 o™ [ vz(vb) 5 ~ 800 pp ~Vz;Z —bb = 3‘.1*(‘1‘22?;;\,, . =

n 5 pp —VZ;Z — bb [ ] Background * = [ ]Z+bb [ single top ]

g 1078 —— Vz(bb) E 2 7001 C1Z+b —— VH(25GeV)

= _ 8 N = = —— VZ(bb) -

LICJ 1 04 &5 Total uncert. = |_|CJ 600 - % W:db%g %52 MC uncert. (stat.)

3 n § -

10 E 500{— @ 3

2 - ; -

10 400 —

10 - ’ - -

300 - / =

2 - -

gf@15 200 3

O L ]

QE 1 100 —
0.5 =

o 2 o 1 9 = x*/dof =0.44 [777] Stat. uncert. on Tot. MC E

% (7) 1.5 E g 1.2F =
Qo 1t g 1
=0.5¢ 5 0.8E
4 0.6F
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http://cds.cern.ch/record/1668410

Z 4' ATLAS arXiv:1403.5657
— CMS: CERN-PH-EP-2012-283

q t—channe}_

s-channel - E ATLAS T + I[l)lalt[all """
q 2j7 ™ 60l \s=7Tev, 451" Wz
z1 > 8 TeV, 20.3 fb” E
q o+ % 50_ 'S = © .Bkg E
Lﬁ 40 S/bz145 Gstat+syst_:
. " ! : e MU
signal selection: 0 +
* 4 leptons of pt > 20, 15, 8/10, 4/7 GeV/c 200 |

e M1 > 20 GeV/c?, msy > 5 GeV/c?
e 80 < my1 < 100 GeV/c?

background: 95=%0 8 90 95 100 105
 small background coming from VV, Z+jets and m,, [GeV]
top
measured cross section: of W22 e
« at 8 TeV in ATLAS: 0,4 = 107 + 9 (stat) £ 4 (syst) . me'e ) >4 GeV
+ 3 (lumi) fb § I inclusive o
« SM prediction at 8 TeV is 104.8 + 9 fb =
 also measurement at 7TeV from ATLAS and CMS g 0
Z—4l1 branching ratio (7 and 8 TeV):
e T7-4 /Tz = (3.20 + 0.25 (stat) + 0.13 (syst)) x 107 B .12'()CT‘?‘.”79'.:’£()'Y. T |

« SM prediction was (3.20 + 0.01)x 107 m, [GeV]
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http://arxiv.org/abs/1403.5657
http://cdsweb.cern.ch/record/1484693

Wiwtjj —lvivvj) ATLAS ATLAS-CONF-2014-013

electroweak W*W+%jj production:

IS S S T =

QCD W*W4jj production:

D D S

HW*p*jj Candidate Event

mi=2800 GeV | Ayil=6.3

signature:
« 2 central high-pr leptons
» forward/backward jets (large

myjj + well separated in y ) I?;fi,_ B | 5& ATL AS
| || ———m el 13 EXPERIMENT

Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC




W=W=jj—lvivjj

signal selection:

« 2 same sign leptons
(pr > 25 GeV/c)

o at least 2 jets with pr>30 GeV/c + veto b-
jets

e missing Er > 40 GeV

« cut on kinematic:
mjj>50 GeV, |Ayij| > 2.4

background:

« main are WZ/y*+jets, Wy+jets

' ATLAS Prellmmary . Data 2012 |
20.3fb", s =8 TeV B Syst. Uncertainty
: W=w= jj Electroweak
S0 WHEWHjj Strong
B Prompt
Conversions

_b—)f B Other non-prompt

102

Events/50 GeV

10

Yyyyyyﬁyyyyy

1

® Data/Expected
) Syst. Uncertainty |

Data/Expected
1
I

200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV]

measured Cross section:

e at 8 TeV: ow'iwi;; = 1.3 + 0.4 (stat) + 0.2 (syst)
« SM prediction at 8 TeV (NLO) = 0.95 + 0.06 fb

 evidence of EW W+ W+ jj production at 3.6 o

%)
ct 30
)
>
T
25
20

15

10

IIIIIIIIIIIIIIIIIIIII |IIII|IIII|IIII|IIIIII_
ATLAS Prellmmary e Data 2012

20.3 fb”, Vs = 8 TeV BXX Syst. Uncertainty
) W*W*jj Electroweak
m; > 500 GeV W WAWHj Strong
BN Prompt
Conversions
Other non-prompt
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Summary:

e cross section have been measured in

many di-boson channels

e some excess have been observed in
Wy, WW and WZ channel, with

significance < 2 o
— consideration of NNLO

contribution should help to

understand it

» evidence of vector boson scattering

e limit can be placed on anomalous
couplings: see Nenad Vranjes talk.

Apr 2014 CMS Preliminary
CMS measurements 7 TeV CMS measuremenlt (exp+th)  +—+—o0—+—
vs. NLO theory 8 TeV CMS measurement (exp+th)  —+—e—+—
Y, (NNLO th,) : 1.04 £0.11£0.09 5.0 fb
Wy — 116 +0.13+0.06 5.0fb™
Zy ——0—— 0.98 +0.05 £0.05 5.0fb"
WW+WZ — 1.05+0.20 + 0.03 4.9fb"
WW — — 1.11+0.11+0.04 4.91b"
WW — — 1.22+0.12+0.04 35fb"
W2Z — : 117 +0.10 £ 0.03 4.9fb"
Wz ——e—— 112 +0.08 £+ 0.05 19.6fb"
77 — 0.99 +0.15+0.06 4.9fb
77 . 1.00 £ 0.10 +0.08 19.6 fb™

TS S ST S S S R S SR
0.5 1 1.5 2
All results at:

http://cern.ch/go/pNj7

atus: March 2
'''''''''''''''''
g'fid(»y»y)[ARyy > 04] 44.07;'3 pb (data), 2yNNLO (theory) “
(Tﬁd(W’y - [V‘y) 277 +0.03 + 0.36 pb (data), MCFM (theory) —
= [ = 0] -

76 + 0.03 + 0.22 pb (data), MCFM (theory)
fid . 0.4 op (data) MCEM
o"YZy - 31 2 0.02 = 0.12 pb (data), MCFM (theory) _ L
(Zy 7) ATLAS Preliminary
05 +0.02 + 0.11 pb (data), MCFM (theory)

— [njer = 0] Run1 5=7,8TeV

ool (Ww) [ o | LHC pp V5 =7 TeV
- O'ﬁd(WW i ee) o =56.4 + 6.8 + 10.0 fb (data), MCFM (theory) — Lht Y
Re b tat onl;
. y
— O-fld(WW g ”ﬂ) =73.9+5.9 + 7.5 b (data), MCFM (theory) — tat+syst

LHC =8 TeV
a.totaI(WZ) PP Vs

theory
—of(WZ — evel) | --oz 5 o ™ e
O.total(zz)

- of4(Z2Z - 4¢)

- of(ZZ* - 4f) |20

- O-ﬁd(zz* —_ [[yy) 7 =127 133 £ 1.81b (data)
PophegBoxa g2z (heoy)  INEE——

00 02 04 06 08 10 12 14 16 18 20

Production Cross Section Ratio: 0,/ 0

JLdt
(]
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