New physics searches at the LHC
status and future prospects

Frascati, 21 March 2019

Tina Potter

2. UNIVERSITY OF

.AAg.u
i i

Y CAMBRIDGE




Our wonderful Standard Model
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Where to start?
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High energy colliders
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Collider searches

New
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Precision SM Exotics
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Precision measurements: ZZ production

Events / 10 GeV

Observation / Prediction

1.5

1
0.5

[+
7®)

~ Z(*) 4 b

£ Q0004

— [j
7®) g vvv~< 2

N 7 )

4 14
ATLAS eData  [WHoZzZ"

Vs=13 TeV, 36.1 o' M@~ zz() Mg 7Z()
Reducible [EtV(V),vWV ]

-

QM/ifi&/)/Mfﬁfiffmg%W

80 100

150 200

300

500 700

my,, [GeV]

1100

4 . ATLAS s =13 TeV, 36 fb™! arXiv:1902.05892

Unfold kinematic variables and
(double) differential spectra for
experimental effects (trigger,
efficiency, resolution...)

= F ATLAS Simulation icle vi b
3 L g —e— Particle yield _
2 10 \s=13Tev, 361107 Detector yreld E
® —— - 3
T 10 e R -
& P === e 3
10 & !
= -
| — s
——
05 —
— Fid. Purity
— Efficiency
0 . — Fid. fraction |
100 200 300 500 700 1000
m, [GeV]

Select ZZ — 4L events (e.u only)

%> [ ATlas ]
g 1§_E:13Tev, 36.1 b E
= C .
€
o L i
S 101 -
1072 E_ '—E
E ® Data E
g— Sherpa @ NLO EW ]
c 3| meees Powheg © NLO EW ® NNLO QCD
S 107g
g E —— Matrix fixed-order NNLO
g L . .
8 15
g 1
g Tpeesssy— AT
S 05 1] :
&) 80 100 200 300 400 500 1000
m, [GeV]

Tina Potter



Precision measurements: ZZ production

Reinterpret results for precise SM calculations or BSM scenarios

Measurement

Bz4c/107°

ATLAS. /s =7 TeV and 8 TeV [8]  4.31x0.34(stat)£0.17(syst)
CMS, V5 = 13 TeV [6] 4.83 *0-23(stat) *0-33(sys)£0.08(the0)=0. 12(lumi)
ATLAS, V5 = 13 TeV 4.70 + 0.32(stat)  0.21(syst) % 0.14(lumi)
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Precision measurements: WZ production

CMS +s=13TeV, 36 fb-! arXiv:1901.03428
ATLAS Vs = 13 TeV, 36 fb' arXiv:1902.05759

Select WZ — lllv events (e.u only)

/"Only diagram sensitive to
TGC with Z in final state

CMS 3597 (13 TeV)
Category Tiot(pp = WZ) [pb ] L L
Cross-section . 47.11739 (total) = 47.117288 (stat) 704 (theo) 38 (syst) + 1.41 (lumi) cee 1.05 +0.14
measurements  cey, 47167387 (total) = 47167233 (stat) T3 (theo) 728 (syst) + 1.33 (lumi)
mostly agree  eun 47.70+338 (total) = 47.70+29 (stat)*045 (theo)*26 (syst) & 1.42 (lumi) SRS "
. - WZ
with SM Hpp 49.00333 (total) = 49.007 737 (stat) Z55; (theo) 357 (syst) & 1.39 (lumi) lute 0.98 0,09 R AL.(NLO)
Ca Fiducial cross section [fb
ategory iducial cross section [fb] Charge asymmetry T ——
eee 63.7738 (stat) T2 (theo)F33 (syst) £ 1.9 (lumi) . ——
eep 61.6739 (stat) T2 (theo) 37 (syst) £ 1.9 (lumi) measurements agree with i B statistical
% a5 ) _ O'tot(PP =i W+Z) Combined 1.04 +0.05 ) :
ey 634726 (stat)*0¢ (theo) 33 (syst) & 1.9 (lumi) SM Al = Bl Systematic
HUH 671+§(1)(*tdt)+06(th60)+30(syst)i1,9 (lumi) ot (pp = W—Z) g 0\5 e 1|5 Pt
Combined ~ 257.5733 (stat) T3 (theo) 17 (syst) £ 7.4 (lumi) > gPOWHEG — 277 cH+34 gy ' R '
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Precision measurements: WZ production
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Precision measurements: Top spin correlations

ATLAS Vs =13TeV, 36 fb' arXiv:1903.07570

Ttbar production is unpolarised in SM, but spins are correlated. BSM could change spin correlations.
Fully reconstruct t and anti-t for direct measurement of spin. HARD (no deviation from SM so far).
Or... use lepton angular distributions in lab frame to indirectly probe top spin. EASIER

W. Bernreuther & Z-G. Si e- T ysol ATLAS
p— T T T T T T T T T T . - - ko] . L [ 117
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o O i 1
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og 7 — _ _ 8l 100 :
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Precision measurements: Top spin correlations

ATLAS Vs =13 TeV, 36 fb”’

arXiv:1903.07570

Ttbar production is unpolarised in SM, but spins are correlated. BSM could change spin correlations.
Stop pair production would affect the lepton A, (more central), Ap, and total rate.

Set limits on stop pair production using
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New resonances: dileptons
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Excesses: Dark Matter + top

dominating CMS Vs =13TeV, 36 fb" arXiv:1901.01553
diagram
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Excesses: Dark Matter + top

dominating CMS Vs =13TeV, 36 fb" arXiv:1901.01553
diagram
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DM+tt dominates sensitivity at low m(¢/a).
But 6(DM+tt) drops more rapidly with mass than ¢(DM+t)
Adding DM+t improves limits at high mass.

mM(p)<290 GeV and m(a)<300 GeV are excluded in these models

|
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Excesses: Flexible Four Leptons

The four-lepton final state is sensitive to a wide variety of new physics.

Approach is as model-independent as possible: Vs =13 TeV, 36 fb"' PRD 98 (2018) 032009
4107, 2L17, 2L21, Z-rich/depleted, high ETmiSS or m

Data-driven background estimation for fake leptons (ttbar, Z+jets). MC for ZZ, ttZ, VVV,

Discriminating variable

h iggs . | [%2] T T T T T T T T T
‘ e ETmlss +3 pTe T i L ATLAS e Data <2 Total SM —
r o = 4 leptons iz . VWV =
> — . P twz B Multi top 3
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SROA/B VR 22 SROC/D o 1o * —
SR1/2 High + low High MET o =
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C‘g O
Ig _2 b i B B A e S e A e e R S N S K e R R e e A e S R A R —
Z veto 1Z 27 ¢ ° @ °
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Excesses: Flexible Four Leptons

Vs =13 TeV, 36 fb’' PRD 98 (2018) 032009
General Gauge Mediated SUSY R-Parity Violating SUSY
Higgsino triplet decaying to 1 GeV gravitino LSP
(spin 3/2 superpartner of graviton)

e.g. Wino doublet decaying to unstable LSP.
LFV RPV couplings considered: A,,, or A,

~+ ~0 =0 e
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Precision SM measurements: status

Nine orders of magnitude!

Jan 2019 CMS Preliminary
'8_ 5 d @ 7 TeV CMS measurement (L < 5.0 fb°Y)
et 10 - iU S S @ 8 TeV CMS measurement (L < 19.6 fb™)
©O . I O @ 13 TeV CMS measurement (L < 35.9 fb™)
>n jeﬁ:) oo = Theory prediction
- A R B Y PR S . L & Z CMS 95%CL limits at 7, 8 and 13 TeV
¢ wijee | Multi-bioson production " :
L B, | TURIDOsON procuction o Top production

i’ziizzsz;zzzzezaz;s'é?éEQQEQQHigggprbdugtigoé
The general picture

from ATLAS & CMS
shows excellent

P s N
R DR
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)
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l

10 1 1 1 1 1. 1 IEVVIEWIW"%W 'EW IEWIEW IEW 1 1 1 1 1 1 1 1 1 1 1 1 BFI 1 1 1 1 1 1

w 'z 'wy'zy Ww'wz'zz T WWNW‘&WWM%MWWZWWW t ot Wttty tZq tZ |ty Wttt '?'ﬁHA o VH WAH ZH ttH ' tH 'HH
All results at: http://cern.ch/go/pNj7 = Wt 20 =ew - 204 In €Xp- A0
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Non-SUSY new physics: status

SSMZ'(th)

SSMZ'(q3)

LFVZ', BR(ey) = 10%
SSMW/(tv)

SSM W'(qg)

SSMW(tv)

LRSM WaltNa), My, = 0.5,
LRSM Wa(TNa), My, =0.5Mu,
Axigluon, Coloron, cotd =1

scalar LQ (pair prod.), coupling to 1** gen. fermions, B =1
scalar LQ (pair prod.), coupling to 1** gen. fermions, 8
scalar LQ [pair prod.), coupling to 2 gen. fermions, 8
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =05
scalar LQ (pair prod.), coupling to 3 gen. fermions, 8= 1

scalar LQ (single prod.), coup. to 3" gen. ferm., 8 =1,A=1

excited light quark (qd),
excited light quark (qy),
excited b quark, f: =
excited electron, f; =f= A=
excited muon, f:=f=F =1, A=m;

quark compositeness (qg), fuss =1
quark compositeness (££), Nuses =1

quark compositeness (g4), n.u=.
quark compositeness (££), fuss = — 1

ADD (j) HLZ, neo=3
ADD (yy. #)HLZ, neo =3
ADD Gy emission, n =2
ADD QBH (jj), neo= 6
ADD QBH (ep). n
RS Gix(q3. 99), k= 0.1
.1

RS QBH (ep), neo =1
non-rotating BH, Mo = 4 TeV, neo = 6
SplitUED, p=4 TeV

(axiak)vector mediator (xx), g =0.25, gou =1, m, =1 GeV
(axiak-)vector mediator (gg), gs=0.25, gom=1,m, =1 GeV

scalar mediator (+£it}), g, =1,gce=1,m, =1 GeV
pseudoscalar mediator (+t/tf), +Gow=1.m, =1 GeV
scalar mediator (fermion portal), A, =1,m, =1 GeV

complex sc. med. (dark QCD), mn, =5 GeV, cTx, =25 mm

Type Ill Seesaw, 8. =B, = B.
string resonance

Overview of CMS EXO results

CMS

36 fb~! (13 Tev)

1811.01197 (2e + 2j) | 144
181101197 (2e + 2j; @ + 2j + E7™) 127
1808.05082 (2 + 2j) 153
1808.05082 (2 + 2j; u + 2j + E7™) 120
1811.00806 (27 +2j) 102/
1806.03472 (27 +b) 074

FFiFrex 07T rerrr FEFFEF rEFEEFZEE

£

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

January 2019

No new bumps!

Set stringent limits
on new resonances.
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SUSY: status

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Prellmmary

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

July 2018 Vs=7,8,13TeV
miss E o
Model o7y Jets E [£drib™) Mass limit Vi=7,8TeV  s=13TeV Reference
T
T
0 26jets  Yes 36.1 155 m(¥})<100GeV 1712.02332
o mono-jet  1-3jets  Yes  36.1 0.71 mi(g)-m(¥})=5GeV 1711.03301
o . % 0
S ek 0 26jets  Yes 361 |& 20 m(¥})<200GeV 1712.02332
Q z Forbidden 0.95-1.6 m(¥})=900GeV 1712.02332
B 3z 3oqqUOF 3epn 4jets - 361 |z 1.85 mi1)<800Gev 1706.03731
[ e i 2jets  Yes 361 (g 12 m(¥})=50GeV 1805.11381
2 2. 3oqqWZX! 0 7-11jets  Yes 361 |& 18 mu/’g <400GeV 1708.02794
3 Bep 4jets = 36.1 z 0.98 m(g)-m(¥})=200GeV 1706.03731
c -
= 0-1eu 3b Yes  36.1 z 20 m(¥})<200 GeV 1711.01901
3eu 4jets = 36.1 z 1.25 m(g)-m(F})=300 GeV 1706.03731
biby, bi—b¥} [iVF Multiple 36.1 b Forbidden 0.9 =300 GeV, BR(HT))=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(})=300 GeV, BR(6Y})=BR(1¥; )=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(E})=200GeV, m(¥;)=300 GeV, BR(:Y; )=1 1706.03731
oy = biby,ify, My =2 x My Multiple 36.1 i 0.7 1709.04183, 1711.11520, 1708.03247
E S Multiple 36.1 i Forbidden 0.9 1709.04183, 1711.11520, 1708.03247
g_é 0-2eu 0-2jets/1-2b Yes  36.1 7 1506.08616, 1709.04183, 1711.11520
98 indLsP Multiple 381 |4 0.4-09 1709.04183,1711.11520
S Multiple 3641 | @ Forbidden 0.6-0.8 1709.04183,1711.11520
=3
@ iyiy, Well-Tempered LSP Multiple 36.1 i 0.48-0.84 1709.04183,1711.11520
=3
BN i ol 0 2 Yes 361 |& 0.85 180501649
I 0.46 1805.01649
0 mono-jet  Yes  36.1 7 0.43 1711.03301
iy, hoi +h 1-2ep 4b Yes 361 |h 0.32-0.88 1706.03986
TV viawz 23ep - Yes 361 0.6 ()= 14035294, 1806.02203
ee, ppt 21 Yes 36.1 0.17 m(¥;)-m(E))=10 GeV 1712.08119
T via wh lilyyltbb = Yes 203 | ¥ 0.26 m(E)=0 1501.07110
C 1B, X —v(an), B —r(r) By = Yes  36.1 )K/)fﬂ 0.76 m(¥})=0, m(7, 7)=0.5(m(¥; )tmmn 1708.07875
E § Raies 0.22 (1)-m(¥)=100 GeV, m(7, 7)=0.5(m(¥! }+m(¥)) 1708.07875
- AN N, 2 0 Yes 361 |7 05 m(E)=0 1803.02762
2ep 21 Yes  36.1 i 0.18 m(B)-m(E})=5 GeV 1712.08119
HHA, H-hG|ZG [ >3b Yes 361 i 0.13-0.23 0.29-0.88 BR(E) - hG)=1 1806.04030
4ep 0 Yes 361 i BR(Y! - ZG)=1 1804.03602
Direct 1%, prod., long-lived ¥ Disapp. vk 1jet  Yes 361 |} 0.46 Wino 1712.02118
‘§ 0 ¥ 015 Pure Higgsino ATL-PHYS-PUB-2017-019
L]
=G Stable g R-hadron SMP - - 32 |z 16 1606.05129
E”E Metastable g R-hadron, g#qq)?? Muttiple 828 [ @ =toons 02ns] e 24 m(F1)=100 Gev 1710.04901, 1604.04520
g GMSB, ¥] -G, long-lived ¥ 2y = Yes 203 |# 0.44 1<7(F})<3 ns, SPS8 model 1409.5542
38, o eev/epviupy displ. eefep/pp - = 203 |& 1S 6 <cr())< 1000 mm, m(¥})=1 TeV. 1504.05162
LFV pp—7. + X. e —epferpr euerpr - - 32 |% 19 X,=0.11, 1607.08079
TR IR > wwzeettvy e 0 Yes 361 1804.03602
g0, ¥ = qaq 0 4-5large-Rjets - 36.1 1804.03568
D>. Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
B 33, g — ths | g—ii¥), X - ths Multiple 36.1 m(¥{)=200 GeV, bino-like ATLAS-CONF-2018-003
i, i, XY — ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
Qfy, i—bs 0 2jets+2bh - 36.7 1710.07171
iy, i —bt 2ep 2b - 36.1 i 0.4-1.45 BR(i) —be/b)>20% 1710.05544
1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

No significant
excesses!

Set stringent limits on
masses
(model-dependence
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Using LHC results: HEPdata

All new physics searches are available as HEPdata entries https://www.hepdata.net/

S h ds by k d d % SUSY x Search
earcn records by Keyworas anda year ATLAS HEPData

Browse tables in a record _ o —
Helpful visualisation

owi 1 Show All 109 values Visualize ‘ YAML
. YODA
seris) A Various formats supported coor
M(SQUARK) [GEV] M(NEUTRALINO1) [GEV] 500— ’ w CcsV
o . for download
1555.0 20.2 e |
400 = [ J .
; t
1556.0 32.35 o
/ \
1556.0 40.4 “,
1550.0 60.61 5 H
- H Data from the LHC
1561.0 80.81 100~ :
2 H
1562.0 1010 L.
4 600 7 5001,000,10Q,200,300,400 )
M(SOUARK) IGEV] @ @ %
1561.0 1212
1559.0 141.4 Sumerrors ¥ Log Scale (X) Log Scale (Y)

1556.0 1616 ATLAS ALICE CMs LHCb

1556.0 163.7 Deselect variables or hide different error bars by

clicking on them
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Using LHC results: HEPdata

Connect to the HEPdata

Records have approximately same content as public page entry for your favourite result

for paréerl _ using the twiki link
° xclusion contours
. . . . arXiv.org > hep-ex > arXiv:1804.036
e Upper limits on signal cross-sections HEPData
e Signal acceptance and efficiency for all signal regions High Energy Physics - Experiment
1 1 Comments: 47 pages in total, author list starting page 31, 9 figurege8Tables, publisted.in F
o Cu.tflov;/s for example signals + SLHA file + truth code el auxmawﬁgfri’sireavanai.e
snippe

. . . . . C @ Secure | https://atlas.web.cern.ch

e Key kinematic distributions e o

g
We want the scientific community to use the publication
data we make available.
No need to manually extract from figures or type in.

If you need more information -- ask! ST ——

e-print arXiv:1804.03602

Search for supersymmetry in events with four or more lept

Phys. Rev. D 98 (2018).

10 April 2018

Inspire record

More details in HEP data paper,
J. Phys.: Conf. Ser. 898 (2017) 102006

Data points

Figures, Tables and Auxiliary Material

Abstracl
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https://arxiv.org/abs/1704.05473

Using LHC results: Rivet

Compare theory predictions to measurements from colliders using Rivet.

Rivet analysis coverage

Rivet analyses exist for 309/5493 papers = 6%. 177 priority analyses required.
Total number of Inspire papers scanned = 6927, at 2019-02-19

Breakdown by identified experiment (in development):

Takes experimental phase space
into account.

B-

Key ALICE ATLAS CMS LHCb . HERA Other
actories )
— Already contains many
ive
wanted 200 254 345 161 1498 450 2276 measurements.
(total):
Rivet Easy to add your own analysis.
REALLY 35 40 74 10 2 14 2
wanted:
Rivet 20/220 145/399 74/419 11/172 14/1512  4/454  41/2317
provided: =9% =36% =18% =6% =1% =1% =2%

|
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https://rivet.hepforge.org/

Using LHC results: model-independent limits

Take your favourite new physics scenario and compare directly to the most relevant LHC result.

e.g.

Bileptons, Corcella et. al, PLB 785 (2018) 73-83

Each Bilepton B™* decays into two leptons with the same charge and flavour. —

Benchmark Point

mp, = 126.3 GeV

mp, = 1804.4 GeV

mp, = 2474.0 GeV

mp, = 6499.8 GeV

mpy = 6528.1 GeV

mg, = 1804.5 GeV

Mg, = 6496.0 GeV

Mqy = 6528.1 GeV

Myt = 1804.5 GeV

my,x = 1873.4 GeV
2

my+ = 6498.1 GeV
3

my++ = 878.3 GeV
B—

)ThQi:‘ = 6464.3 GeV

Myt = 6527.7 GeV

my++ = 878.3 Ge

e

[>my=+ = 881.8 GeV

myr = 3247.6 GeV

mp = 1650.0 GeV

mg = 1660.0 GeV

mp = 1700.0 GeV

High momentum leptons with low-background from the Standard Model.

The benchmark scenario has a spectacular signature at the LHC

Tina Potter

4 leptons (I'I" and I'1"), with m(ll) = m(B*™)

N(my)

L L e S e e S

i
00 600 800 1000
my (GeV)
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Using LHC results: model-independent limits

No ATLAS or CMS search designed for bileptons. Apply to Bilepton scenario m(Y/H)=878.3 GeV
H** searches set narrow limits on masses. for 4L, p,>20 GeV, |5|<2.5, AR>0.1

Look at non-resonant searches o(pp — Yy-—3 4l) ~ 4.3 th

e.g. ATLAS 4L SUSY search is highly sensitive to 155 YY—4L events in 36 fb™' dataset
Bilepton scenarios X £L4 X &

PRD 98 (2018) 032009 (36 fb™' @Vs = 13 TeV) (95% elu efficiency) (50-100% SR efficiency)
SUSY-centered, but designed for T 126 events (SRA)

L. Very high p, leptons
" —highmevents 3 — 63 events (SRB)

Ruled out* by ATLAS
3 observations.

model-independence
= 4 elulr, Z veto/request, high m_..or ET”"SS

N(pr,)

m.=E miss 4 > !
?gp T sk ]

m,>600 >1100 GeV Pr *some dilution expected if the
Sl S SROB No significant excess. = BR(Y — eeluu) <100%
Observed 13 2
SM Total  10.2 % 2.1 131 + 0.24 Set 95% CL limits on (T(])]) — HH — —1[) ~ 0.3 tb
e b 032 0.14 new bhvsics in SRS — 9 events (SRA) — 4.5 events (SRB)
[ 55 12 i | phy Not quite ruled out by ATLAS observations.
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https://arxiv.org/abs/1804.03602

Prospects?

_ Absolute Luminosity For ATLAS
Is new physics at the LHC dead? A loud and emphatic NO! C

The LHC experiments are progressing very well, but we still have a way to go
+ full Run2 dataset (13TeV, 2015-2018, 140 fb™"),
+ Run3 (14TeV, 2021, 300 fb")

+ HL-LHC (14TeV, 3000 fb"), Yellow Report

Some signatures are only recently technically possible to
search for (trigger, phase space, statistics).

New physics has not appeared as low-hanging fruit
- H.igh-ma.ss? Loyv f;ross-section? T 0 Dark photons
- Kinematically similar to SM? ol -~ N Dark higgs
- Are we looking in the wrong place? S oF Sy S Sterile v
New signatures? o=
Some interesting ideas how to further g
exploit the LHC FASER, ALFA St
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https://cds.cern.ch/record/2650173
https://twiki.cern.ch/twiki/bin/view/FASER
https://arxiv.org/abs/1811.06465

Summary

Exciting times!

Results from measurements and searches continue to pour from the LHC.
High hopes of new physics discovery at the LHC

Explanation for shadowy Dark Matter?
Dig deep into the data!
Will the Run2 data throw us a surprise?

Rencontres de Moriond ongoing this & next week where many updates are being
presented.

Keep your eye on results from ATLAS, CMS & LHCb

|
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http://moriond.in2p3.fr/2019/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
http://cms.web.cern.ch/news/cms-physics-results
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html

|
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ATLAS 4L SUSY search

delu+ , 2elu+
>4 elu 217 227
Z veto Z request Z veto Z veto

m_.> 600 GeV, >1.1TeV

E,™**>50 GeV, >100 GeV

m_,> 700 Ge\| m_,> 650 GeV

Sample SROA SROB SROC SROD SR1 SR2
Observed 13 2 47 10 8 2
SMTotal |10.2 +2.1 | 131 + 0.24 37 £ 9 4.1 + 07 49 + 1.6 2.3 + 0.8
7z 27 +£07 | 033 £0.10 28+9 0.84 + 0.34 | 035 £ 0.09 | 033 £ 0.08
1z 25+£06 | 047 £013 | 32+04 | 162+ 023 | 054 £011 |031 +0.08
Higgs 12+£12 | 013 +£013 | 09+08 |028+025| 05=+05 0.32 + 0.32
vvv 079+ 0.17 | 022 +£0.05 | 27 +06 | 0.64 + 0.14 | 0.18 + 0.04 | 0.20 + 0.06
Reducible | 2.4 + 1.4 0.000*9.905 pigtid L 3.1 4 1.5 Ll & 67
Other 0.53+ 0.06 | 0.165 + 0.018 [ 0.85 + 0.19 | 0.45 + 0.10 |0.181£0.022 [0.055 + 0.012
{e)? b 0.32 0.14 0.87 0.36 0.28 0.13
o 12 4.9 31 13 10 4.6
il % L 25t 611 ey ¥ e
CL, 0.76 0.74 0.83 0.99 0.86 0.47
Ps=0 0.23 0.25 0.15 0.011 0.13 0.61
s 0.75 0.69 1.0 2.3 i3 0

|
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