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Introduction

HERA data Presented results
+ -
e'le p Year (P H ZEUS
- {zZ} == HERA |
1994-97  eTp - 37pbT [ 48pb T
27.5 GeV 820 GeV 1998-99 e p ~ | 15pb7" | 16pb”
1999-00 eTp - 65 pb~ 64 pb~
920 GeV HERAT
2003-04 LHeTp | -0.41 - 11.5pb 1
2003-04 RHetp | +0.32 - 12.3 pb~1
2004-05 LHep @ -0.27 | 60pb~1 | 78.8pb 1
2004-05 RHe p | +0.33 | 32pb~1 | 42.7pb !
where: P - is electron beam polarization
HERA II:

= longitudinally polarized lepton beam
= e~ p data sample much more than in HERA |
— equal sharing between e*p and e p

first results presented here!
LQs and Cls at HERA 1
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High-Q2 DIS

e (k) e(;l-’J (\-{)’(’k,)
Z,vW? (@)
q,
q
0
p(p)/
CC DIS: e ()2 =-(4-momentum of propagator)? -

the virtuality of the exchanged boson.

e 1 - fractional momentum of proton
carried by struck quark g

e 1y - fractional energy of the incoming
lepton transfered to the proton in the pro-
ton’s rest frame
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| Introduction to the Leptoquark Model I

LEPTOQUARKS: Resonant production in e*p

Scalar or vector color triplet bosons
carrying L and B numbers € e(v)
= Fermion number F = 3B 4+ L = 0,2 LQ
Buchmiiller-Ruickl-Wyler (BRW) model A A
e SU3) x SU(2);, x U(1)y invariance E a(a’)

e lepton and baryon number conservation
e strong bounds from rare decays =- either left- or right-handed couplings
e family diagonal if not = LFV
— 7 scalar and 7 vector leptoquarks:
e Al14LQ = LQ — ef

e 2 scalar and 2 vector LQ couple to both eq and vg
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The total e“p — v (e) X cross section:

Introduction to the Leptoquark Model

Int

O-(ej:p) — OSM + O-u/SM

+ o

Int
s/SM

e p=F=2LQ, eTp=F=0LQ

+ ou + o (valence q > sea q at high z)

For small \ and ;o < ./s: s-channel dominates

Y

LQ contribution to the SM = resonance in )/;; distribution

s - channel
(+) (&)
€ e(f,) V)

In the general case (high masses, high couplings)
all cross-section terms are important

Angular distribution:

y = 0.5(1 — cosf*)

0* - e scattering angle in eq (vq)
rest frame

Scalar Leptoquarks

do
== — flat
Ay | scalar f

Vector Leptoquarks
do

-~ o 2
d_y vector (1 y)
NC DIS (Background)

daeip 1

Y

dy y2
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Invariant Mass Spectra from HERA | e Tp

Physics Letters B629 (2005) 9-19

NC cC

10 e Data

1 == SM
- 1f Hie'p Hle'p
Vs ~300 GeV Vs ~300 GeV
VSgp=300 eV VSgpa00 GeV. ]

p -1 H1e'p H1e'p
‘u\"selpzsuzol Geuv l L l 1 ‘u\"selpzsuznl Geuv | L |
100 150 200 250 100 150 200 250
M (GeV) M (GeV)

ZEUS has similar plots (Physical Review D 68 (2003) 052004)
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Invariant Mass Spectra from HERA |l e™p

NC DIS: CC DIS:
4 K=
E 10 E 10
o 103é o I
N T F N 10%
£10% 2 105
:>j 10L NC,P=-27% :>j - CC, P=-27%
r —e-H1 data (prelim.) - —e—H1 data (prelim.)
1£ M 1F —SMm
g SM uncertainty F SM uncertainty
50 100 150 200 250 300 50 100 150 200 250 300
4 3 =
E 10 : E 10
S 10°) Q ol
N TV E N 107F
£ 10°¢ 2 0
= 10} NC,P=:34% = b cc,p=3a%
- -e—H1 data (prelim.) - —e—H1 data (prelim.)
1; — SM 15 —SMm
g SM uncertainty - SM uncertainty
50 100 150 200 250 300 50 100 150 200 250 300
M,/ GeV M/ GeV

Good agreement between data and SM — no evidence of LQ
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Scalar LQs with F=2 from H1 (HERA II)

No evidence for LQ production

Limits on LQ Yukawa coupling X as a function of M g:

1F

“““““

T | T T T T I T T T T
H1 preliminary

— S, (€, vd)

................
...........

100 150 200 250 300 350

400

M o/ GeV
At A = v4ra ~ 0.3 lower limits on M o: > 276 - 304 GeV

F=2 BRW LQ models
— ¢~ p data more sensitive than et p

Combing NC + CC data
for S§ and S¥ LQ model

= increases sensitivity

J.Sztuk-Dambietz
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Vector LQs with F=2 from H1 (HERA II)

< LI L |- - |
1L H1 preliminary _
F — \71/2,|_ (eu)
10'15 E
10%F :
100 150 200 250 300 350 400
M o/ GeV

F=2 BRW LQ models

— ¢~ p data more sensitive than et p

F=2 vector BRW LQ model
= eq channel only

At A = V4ra =~ 0.3 lower limits on Mp,o: > 280 - 303 GeV

J.Sztuk-Dambietz
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Limits on F=0 BRW LQ from HERA |

ZEUS
< E‘ F=6 sca;lar ‘LQ iimi‘t E
1 g PRS00 i F=0 scalar BRW LQ
r @0 1
oW ; —- couples to eq only
o’ 0"} Sh(e'd)
- — S]I/{_] (e"u,d) ]
[ I —  She'w ]
0 107 | | |
200 250 300 350 400
M, ,(GeV)
1 < E‘ F=6 ve‘ctor‘LQ‘limi‘t L E F_O VectOr BRW LQ
| | ZEUS 94-00 ep | =
. & — =-combine eq & vgq
R . channels
10 Vo (e'd)
L - “R , + 3
2 eV, (@4d, ¥ - Vo (e'w)
0 Ve s ot ___vn’L E:*'u ::: sl i Vi (e'd) |
AT I T AT ST T i vicwdy  Both analyses give consistent results
100 200 300 400 500 o S S S E——
200 250 300 350 400
M (GeV) M, (GeV)
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| Comparison with LEP, TEVATRON and HERA | I

Scalar leptoquarks with F=2 S§

TeVatron:
2 7 7777777777 LQ pair procjll;cio;l+;_;\(jindependent
1 nn»
LEP:

indirect t/u-channel effect

-1 s \s — = — ] =
10 &\& H1 (05) prelim. single LQ ; In qq-palr prOdUCtlon
w — H1(94-00) single LQ ete — qQq
R . |
DO pair prod.
1 0'2 = L3 indir. limit =
ERNNRNNRRNN T ST RS T R
200 250 300 350 400
M, o/ GeV

For couplings of em strength (A ~ 0.3): mass exclusion ~ 300 GeV
Limits comparable to those obtained at LEP and Tevatron
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‘ Contact Interactions I

Neutral Current eq Scattering
Standard Model processes:

For /s much smaller than process scale A\
—- effective parameterization:

eeqq contact interactions (Cl)

Effective Lagrangian for vector eeqq contact

interactions:
Lor= X n,5- (av*ea)(@svudp)

a,0=L,R
q

Scalar and tensor Cl constrained beyond HERA sensitivity.

nzqﬁ - 4 possible couplings for every flavor g

J.Sztuk-Dambietz
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‘ Contact Interactions I

Cross-section formula

For NC e~ p DIS with unpolarized beam
d2g€ P

dxdy

ST i
> a@{ IMEPH IMERP - MR+
q

+  q@{ IMILP4+ IMEPH+ A -2 M+

= most sensitive to 1}, and 1 (g=u,d)

M1l

MRl §

J.Sztuk-Dambietz LQs and Cls at HERA
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‘ Contact Interactions I

Cross-section formula

For NC e~ p DIS with  polarized beam
d2g€ P
dxdy

ST i T
oo a@) {PoIMTE 4 PoIMERP + (1= 9)? [P MR + Py Mg ]
q

+ o G@) {PoIMGR + PIMEG R+ (1 — )2 [P M2+ Py M)

= most sensitive to 1}, and 1 (g=u,d)
where: P = (1 £+ P)
P is electron beam polarization

J.Sztuk-Dambietz LQs and Cls at HERA 13



‘ Contact Interactions I

Cross-section formula

For NC et p DIS with  polarized beam
d206+p
dxdy

ST ] _
> a@) {PLIMIRP + PoIME 2+ (1= 4)? [Py ML + P [MER[
q

+ (@) {PLIML P+ PO M 4+ (1= )2 [Pa M%) + P My 2

= most sensitive to %, and n'; (g=u,d)

— Combining e Tp and e~ p can significantly improve limits

J.Sztuk-Dambietz LQs and Cls at HERA 14



‘ General Models I

Model n¢d

Coupling structure

Couplings n°% are related to the “new
af

LL

physics” mass scale A by the formula: LR

__ €8¢y
77_ /\g

where gt is the coupling strength of

new interactions and ¢ = +1.

gy = Am

Different models assume different

RL
RR

VvV
AA
VA

X1
X2
X3
X4
X5
X6

U1

helicity structure of new interactions —> U2

U3
U4

Also referred to as compositeness models us

(/\ - compositeness scale)

U6

+n

ed
NLR

+n

ed
"RL

eu
"LR

+n

eu
"RL

J.Sztuk-Dambietz
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General Models - Results

ZEUS
ZEUS 1994-05 analysis 94-05 (prel.) e'p 274 pb”
ZEUS O -1/A? best fit value o +1/A% best fit value
10 ;‘1.‘2‘ ‘ I ‘ o H.‘zeus94-b4e+|5 o ‘7: — allowed +1/A? range
% r 1.’ — VW A =75TeV E A (TeV) A (TeV)
3'5 I T W AT=63Tev 1 w7z - —  e3
2 70.8‘3 — “““‘4 =7 AA 5.9 ; ; 6.3
10 10 < e e B R
oo = VA | 33 3.5
14 meme@eTo=e =TT L
] X1 43 - — - 4.7
[ Contact Interactions Limits (prel.) X2 st 4.7
o C L X3 | 59 53
10 10 Q? (GeV?) X4 | 54 4.8
12/ 17 ® ZEUS98-05(prel)ep X5 ) 8 ‘ | &
10 - 1. T T LA R A | [ ] = prel. e'p = T i St A
g8l | e T A A =59TeV ] X6 | 43 e T— i
E r 1'7 : “"”i ..... AA A*=6.3TeV ] U1 52 5.5
§ 0.8 | . . | T U2 61 VVVVV 5.2
10° 10° 1 us | 71 6
T P, us | 61 - 50
i 3 Us | 6.2 5.0
: Contact Interactions Limits(prel.) l : U6 45 M 4.7
3 T 4 — LL 42 ‘ ‘ 42
10 10 2 Gevdy o= S S oS S
o o @ (GeV) LR | 20 — — e 3
95% CL limits: A > 2.0 — 7.5 TeV RL |23 ‘ | 36
RR 4.0 . . . L 3.8
. . . . . 0.2 0.2
Significant improvement of limits for ,
+1/A? (TeV?)

models sensitive to LL and RR couplings

(constrained mainly by e~ p data) Limits comparable to those obtained
at LEP and Tevatron
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Large Extra Dimensions

Arkani-Hamed-Dimopoulos—Dvali Model

If gravity propagates in the 4 + § dimensions, the
effective mass scale M g can be as low as 1 TeV.

= Gravitational interactions become comparable in
strength to electroweak interactions.

The contribution of graviton (Kaluza-Klein tower) ex-
change to the e¥p NC DIS cross section can be de-
scribed by an effective contact interaction type cou-

pling:

ZEUS

T T ‘ T T
® ZEUS 94-04 ¢'p

] — Mg=0.86TeV

- Mg=0.88 TeV

4
10

Q? (GeV?)

——  ® ZEUS98.05(prel)ep -

— )\ E?
nG T . W Large Extra Dimensions Limits (prel.) l
S Lo ! L] ! AR
where )\ is the coupling strength and € is related to ° ® 0" (ceV)
. . > ZEUS results
the energy scales of hard interaction. (1/s, Q<)
Mg > 0.86 TeV
Cl results from H1 (HERA |) = Phys Lett B568 (2003) 35-47 Mgr ~ 0.88 TeV
J.Sztuk-Dambietz LQs and Cls at HERA 17



Quark Form Factor

Model

“classical” method to look for
possible fermion (sub)structure.

If a quark has finite size
SM cross-section decreases
at high momentum transfer:

2
da_daSM.l_R_gQQ
dQ?2 — dQ? 6

where R, is the root mean-square
radius of the electroweak charge
distribution in the quark.

N/NCTEQSD -

o

Results
ZEUS
4o T T ‘ \ T
-2 d o ZEUS 9405 (prel)e’p
M PR B RZ= (0.67107°cm)® |
i 1 e ;:18:—3.:%:._;7; ..... R::-(0.81 -10'1scm)2
09 |
e |
w0 10"
anan o S B UL SRR RS SERT L SR R _t ]

. Quark Radius Limits (prel.)

10°

4
10 Q* (GeV?d)

1994-2005 combined
ZEUS

R, < 0.67 - 10~ 16cm

same dependence expected for et pand e p |

J.Sztuk-Dambietz
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High Mass Leptoquarks

For high mass leptoquarks
Mrg > /s
both s- and u-channel important

N/NCTEQSD -

ZEUS

o
T

‘ T T T T T
® ZEUS 94-04 e'p -
— 84 M/A=0.88 TeV .
--- Vis M/A=0.46 TeV. Pd

Limits on Heavy Leptoquarks (prel.)
Il Il Il Il Il Il Il ‘

Virtual LQ production/exchange 10’ 10" ot (Gevd)
results in an effective coupling: B e ez s e e

sr . 1 - V'1- M/A=1.91 TeV

Py ,"O_‘ 1 oy === ... L =0.
nog ~ (W)Q g, St M/=0.74 Tev
14

Limits on Heavy Leptoquarks (prel.) l

95% CL lower limits on M to T e T & 1Gev)

the Yukawa coupling ratio from ZEUS:

M1o/Aro: 0.32 - 1.91 TeV Limits at HERA complementary/competitive to LEP

J.Sztuk-Dambietz LQs and Cls at HERA 19



Summary and Outlook

Both experiments published the LQ and Cl searches on all HERA | data
First results based on HERA Il data were presented

No evidence for New Physics:
= LQ limits from H1 using HERA |l e p data: M.o > 276-304 GeV for A = 0.3
= CI limits from ZEUS using all HERA |+ll data:

- Compositeness scale: N > 2-7.5TeV

- Heavy LQ: Mro/X > 0.32-1.9 TeV
- Quark radius: R, <0.67-10~1° cm
- LED: MY >0.88 TeV

Limits for LQ with F=2 improved by using HERA Il data
Cl analysis including HERA |+l data = significant improvement of limits

More data HERA I+l and possible H1 + ZEUS data combination (~ 700 pb—1)
= Improvements are expected!
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Models

Leptoquarks
Aachen notation

1/2
Vf}z

‘71/2

%1

Fermion

number F Q

2

2
2
0

nNoO o o

~1/3 1
~1/3
—4/3
—5/3
—2/3
—5/3
—2/3
—2/3
+1/3
—4/3
~1/3 1
+2/3
—2/3 1
—2/3
—5/3
—4/3
~1/3
—4/3
~1/3
~1/3
+2/3
—5/3
—2/3 1
+1/3

Charge BR(LQ — e*q)
g

0

0

0

/2
1
1
1
1
1
1
1
/2
/2
1
1
1
0
1
1
1
0
1
/

2
0

Coupling

erLu
ERU
eRd

erLu

GRQ_L
erd

eLd

erd
erLu
GLJ
GRJ

ERU
eLd

eRd
ERU

erLu

vd

vd
vu

7

vd

ru

7
vd

Squark
type
dr
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Limits on F=2 BRW LQ from ZEUS (HERA )

B T T
- F=2 scalar

\
- LQ limit
ZEUS 94-00 ¢'p

St (e'd)

— St(ew) 1

—  Si(eud) |
100 — Siw) |
\ | L
200 250 300 350 400
M, (GeV)
< LI 1 \
- F=2 vector LQ limit

| ZEUS 94-00 ¢'p

Vip(ed)

B

\/ll/{p_ (C'u.d) ;

Visew) |

200 250 300 350
M, ,(GeV)

400

F=2 scalar BRW LQ model
—Combine eq & rg channels

F=2 vector BRW LQ model
= eq channel only

J.Sztuk-Dambietz
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Bled—ed) P(eu—eu)

B(e*d—e*d)

B(e'u—e™u)

‘ General LQ limits from ZEUS I

A=0.1 A=0.3
T Sew - / = / e General LQ Model
06 s - 0.42
b2 T e B (a) | o8 2 No 3(eq) constraint
.0 ;===‘=——ﬁ ‘ | | ‘i .1@_ q
1
o5 £ el E Combined limit (NC & CC) assuming
02 | (b) B(eq) + B(rg) =1
0 | L
1 = I %TOJ} l?q3‘ 0~
05 — Se'd O R e At X = 0.3, M up to 300 GeV
0.6 — e'd = 04 T luded. ind d ¢
04 | D b 1 0s excluded, independent of 3
Oﬁj qq;—«—/.(c)fo'fi
1 ¢ So Tevatron limits independent of A, but less
0.8 —
06 - — e sensitive to ¢
=L

160 180 200

: -
220 240 260 280 300

M, (GeV)

J.Sztuk-Dambietz
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‘ Contact Interactions I

Cross-section
Contact Interactions modify tree level eq — eq scattering amplitudes MZ%:

MEQ?) = 5 — g P S g
af Q2 sin20yy-cos20yy, Q2—|—m0% a3
8l Z ?
Resulting contribution to the differential & [— w  A=2TeV [ N=2Tev
B [— A (>0 L (<0)

NC DIS cross-section:

#3’@2(77) — % -1 4 A(z,Q?)n + B(z, Q%) n?]

General formula for all Cl type models

J.Sztuk-Dambietz LQs and Cls at HERA A-4



General models from H1 (HERAI)

Results
. L I B BN BLALELELE BLELELELE B
H1 1994-2000 analysis o6 - s s Hi
data undershoots SM slightly at high Q2 LL —_
Compositeness: VV LR ——
b 3 rorrTrT LY | T "_ rorrTrT rorrrrT T T RL [ . —— |
% [ = A =38Tev e A =53Tev 1 RR } ¢ :
'\ 2+ combiridji:::l:'ev _— combin:d I=ir:i‘tss-'rev VV HE
% oo A;=5.5 T.eV - e A;=5.5 :rev AA :I-._I
fo} A" =5.3TeV : A" =5.3TeV VA |—T—|
N LL+RR =i
RL+LR -t
I I ....|....|....|....|....;....|....
0 Ll 05 04 03 02 01 0 01 02
° 132 (GeV?) ° 1002 (GeV?) g/A2 (TeV '2)
95% CL limits:
— ~ 20 deviation in most models AN>16-—-55TeV

J.Sztuk-Dambietz LQs and Cls at HERA A-5



General models from ZEUS (HERA I)

ZEUS
Results :
ZEUS 94-00ep 95% C.L.

ZEUS 1994_00 ana|YSIS O -1/A? best fit value ® +1/A? best fit value

ZEUS — allowed +1/A2 range best fit +10, 120

A" (TeV) A" (TeV)
- et — W v =eTe Wile 5 54
T ST M w A+=5-4Te"/_/,;- S O T = S S
107 -—— AA A =47Tev 10 VA | 33 ; ; 32
----- AA A*=4.4TeV = X1 36 | ; ; | 26
X3 |37 0 —_—g— 38
X4 | 51 48
Q? [GeV?] X5 | 40 40
X6 | 25 35
Ut | 38 36
U2 | 50 a2
us | 50 ; ; a4
Us | 5.8 4.8
ue |28 —— 34
@ (GeV?] LR | 24 36

Good agreement with the Standard Model :IF; f: .

95% CL limits:
AN>17—-—6.2 TeV

—1.2

o
T

® ZEUS 94-00 e*p

N/ NCTEQ5D -

® ZEUS 98-99 ep

N/NCTEQ5D -

[ Contact Interactions Limits
o L L L L

10° 10*

+1/A% (TeV?)

-0.4 -0.2 0 0.2 | 0.4
J.Sztuk-Dambietz LQs and Cls at HERA



Large Extra Dimensions from HERA |

H1 resulis

Large Extra Dimensions

3 T T TTTT III
[ e
| —  M,=580 GeV
------- M_=610 GeV
2 — combined limits:
------- M_=820 GeV
M_=780 GeV

ZEUS results

o
I

o

o

‘ " e ZEUS94-00e'p

A=+1
A=—1

A=+1
A=-1

T IIIIIIII T IIIIIIII T T
[ J
- ®
| — M =770 GeV A=+1
------- M_ =730 GeV ~ A=-1
— combined limits:
"""" M =820 GeV A=+1
M_ =780 GeV  A=-1

[ H1

1 T T T T T 17T

a : : — M3=0.79 TeV
g1 L el

i - -~ - ME=0.78 TeV
2 i |
z 3 Il Il I N N | 2

o
I

o

o

1 11 IIIIII 1
0
103

10 103

Mg > 0.78 TeV
M$ > 0.82TeV

N/NCTEQSD -

Large Extra Dimensions Limits

10°

J.Sztuk-Dambietz
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95 % CL limits on the compositeness scale, A\ (TeV):

‘ General Model - comparison with LEP and TeVatron I

ZEUS pub. | ZEUS HERAI+II DO CDF ALEPH OPAL
Model | A= AT | A~ AT A= AT A~ AT AT AT AT AT ATAT
LL 1.7 27 | 4.2 4.2 6.2 36 59 37|62 54|28 42|31 55
LR 24 36 |20 3.6 48 45|55 47|33 30|35 33|44 38
RL 27 35 |23 3.6 50 43 | 58 45|40 24 |46 25 |64 2.7
RR 1.8 2.7 |4.0 3.8 58 38 |56 39 (44 39|38 31|49 35
VV 6.2 54 |75 6.3 91 49 |87 78 |71 64 |55 42|72 47
AA 47 44 |59 6.3 /78 57,78 78|79 72|38 6.1|42 8.1
VA 33 32 |33 3.5
X1 36 26 |43 4.7 6.4 4.8
X2 39 40 |51 4.7
X3 3.7 3.6 |59 5.3 7.9 41 74 6.7 37 44|44 54
X4 5.1 48 | 54 4.8 6.0 5.0 45 29 |52 31|71 34
X5 40 40 |51 4.5
X6 25 35 |43 4.1 4.7 6.8
U1 38 36 |52 5.5
u2 50 42 |61 5.2
U3 5.0 4.1 7.1 6.1 5.2 9.2
U4 58 4.8 | 6.1 5.0 3.2 23
us 52 43 | 6.2 5.0
U6 28 34 |45 4.7

J.Sztuk-Dambietz

LQs and Cls at HERA

A-8



High mass leptoquarks from HERA |

ZEUS Results Results - Comparison to LEP
~ZEUS B — 95% CL lower limits on M7 to
10 - 12 5 — ® ZEUS 94-04 e'p -
2 1 —— Si» M/A=0.88 TeV ] ; : .
A R Y O e the Yukawa coupling ratio Mg/ Arq (TeV):
" T Model [ ZEUS | H1 || [3 OPAL
1 mp:?:—;:—;:—:—::;:—'Z—LZ—L:—LI—L:—LI—L:—::—:.:# SC{/ 061 0.71 1 40 098
o SR 0.56 | 0.64 || 0.30 0.30
| -mie oneavy Feptoquarks fprel) SR 0.27 | 0.33 || 0.58 0.80

o (Gev?) SQQ 0.83 | 0.85 | 0.54 0.74
of 12— e ZEUS9805(prel)ep | 51/2 0.53 0.37 0.86
S0 P S Ry oMty Sk 0.43 | 0.43 || 042 0.48

----- St M/A=0.74 TeV ] 1/2

st | 052 | 0.49
VI | 055 |0.73 || 1.83 1.27
VE | 047 | 058 || 051 0.54

N/NCTEQSD -

-

Limits on Heavy Leptoquarks (prel.) l VOLR 0.87 0.99 1.02 1.44
e — s - & Gor’ Vi, 0.47 | 0.42 | 0.71 0.90
Vi, | 099 | 0.95 0.71

Vi 1.06 | 1.02 || 0.54 0.59

VE | 123 | 1.36

J.Sztuk-Dambietz LQs and Cls at HERA A-9



95% CL lower limits on M, to the Yukawa coupling ratio Mo/ ¢ (TeV):

High mass leptoquarks

Results - Comparison to LEP

Model | ZEUS pub | ZEUS HERAI+Il | [3 OPAL
SL 0.61 0.96 140 0.98
SH 0.56 0.82 0.30  0.30
SR 0.27 0.32 0.58 0.80

St 0.83 0.88 0.54 0.74
St 0.53 0.46 0.86
St, 0.43 0.44 0.42 0.48
Sk 0.52 0.74

VL 0.55 0.80 183 1.27
VE 0.47 0.62 0.51 0.54
VR 0.87 1.33 1.02  1.44
VL, 0.47 0.46 0.71  0.90
Vi, 0.99 1.00 0.71
v, 1.06 1.10 0.54 0.59
Vit 1.23 1.91
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