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Using HISH In the zoo of exotic hadrons

@ Why do we think the HISH Is an appropriate
framework to describetetraquarks and pentaquarks?

@ Mainly because it can account for thespectra and
the strong decay widths of mesons and baryons

@ In other methods in particular lattice it is very
difficult to determine the spectra of states with
high angular momentum and high excitation
number.

@ Via holography the HISH is connected to the QCD.



Summary of the HISH
model



Summary of the HISH model

@ Let us briefly summarize the HISH ( Holography
Inspired Stringy Hadron) model.

@ HISH is amap from strings in  10d holographic
background to strings in flat  4d

@ The main results related to thespectra and strong
decay processes are:

@ A meson is described as armpen string with
massivequark and ananti-quark on its ends.

@ A baryon Is anopen string with a quark on one side
and abaryonic vertex(bv.) + adi-quark on the
other side

@ A glueball is aclosestring



Hadrons in holography

@ \We can mimic the holographic background as &
dimensional space time with the ordinary 3+1
dimensions + a holographic fifth dimension.

@ In this background there are manifoldsreffered to as
flavor D branes on which string can start and end.

@ Each D brane associates with one flavor and is located
at a different eightdin the holographic direction.

@ A meson Is a string that starts at one flavor brane
stretches along ordinary space direction and ends on
another flavor brane.



1) Messonsin holography

@ The holographic mesonwith angular momentum is
a rotating string connected to flavor branes

/

infrared “wall”

@ The string Is the classical solution of theNambu -
Goto action defined in a confining holographic
background

large mass

flavour brane

intermediate mass /

Havour brane




Example: The B meson
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Baryons in holography

@ How do we Iidentify a baryon in holography ?

@ Since aguark corresponds to anend of a string , the
baryon has to be a structure with N_ strings connected
to It.

@ The proposed baryonic vertex In holographic
background is awrapped Dp brane over ap cycle

Witten, Gross Ooguri

@ Because of theRR flux in the background the wrapped
brane has to beconnected to Nc strings



Dynamical baryon

/ 7

@ Dynamical baryon Zz Nc strings connecting the
baryonic vertexand flavor branes
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A possible baryon : Symmetric layout

—

@ A priori there are many possible layouts, In
particular the maximal symmetric one. The
preferred one has thelowest energy .

boundary

Flavor brane

Baryonic
vertex



Asymmetric layout

/

@ An asymmetric possible layout is that of one quark
connected with a string to the baryonic vertexto
which the rest of the Nc-1quarks are attached.




(3) Glueballsas closed strings

@ Mesonsareopen stringsconnected to flavor branes

@ Baryonsare Nc open strings connected to a baryonic
vertex on one side and to a flavobrane on the other one.

@ What are glue balls ?

@ Since theydo not incorporate quarks it is natural to
assume that they arerotating closed strings

@ Angular momentum associates with rotation of folded
closed strings




(3) Glueballsas closed strings

@ Mesonsareopen stringsconnected to flavor branes

@ Baryonsare Nc open strings connected to a baryonic
vertex on one side and to a flavobrane on the other one.

@ What are glue balls ?

@ Since theydo not incorporate quarks it is natural to
assume that they arerotating closed strings

@ Angular momentum associates with rotation of folded
closed strings




The HISH map of stringy hadrons
@ The HISH map
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(i) The HISH map of Baryons

baryonic
vertex

diquark
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From Iage Nc to three colors

@ Naturally the analog at Nc=3 of the symmetric
configuration with a central baryonic vertex is the
old Y shape baryon

@ The analog of theasymmetric setup with one
guark on one end and Nclon the otheris a
straight string with quark and adi-quark on its
ends.




Stability of an excited baryon

@ Sharovand ®Hooft showed that the classicalY shape
three string configuration is unstable . An arm that is
slightly shortened will eventually shrink to zero size

@ We also examined Y shape strings withmassive
endpoints and with a baryonic vertexin the middle.

@ The analysis included numerical simulations of the
motions of mesons and Y shape baryons under the
Influence of symmetric and asymmetric disturbance.

@ We indeed detected theinstability

@ We also performed aperturbative analysis where the
Instability does not show up

@ The Y shape is also ruled out becausexperimentally the
slopes of baryonsand mesonsare the same ( up to5%)



() The HISH map of glueballs

| u, (“wall”) c—



Light stringy hadrons in holography and HISH

@ Light stringy mesons and baryons in holography
and HISH
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@ The spectraof the HISH stringy hadrons include:
(1) Ground state -

@ The tension is balanced by a repulsive Casimir
force 0

lal \/ al
= 2
/ :/L 2T
sion Lengt Intercept

slope

@ The total massof the state is
M =m1+mo+ 1L
/ 1/ :

Hadron mass enapoint mass

a a
M =m1+mo + | | =mi1+ ma + a

27T o




(1l1) Excited states with angular momentum -
@ Classicallyfor arotating string with massive endpoints

M - — Z (“Ir“i:?ﬂf T/, arcsin 7‘3? ) . NP )

1 p
1:12 / /'3/ 1 12
length of an arm velocity of endpoint particle
PP R s
J = E v Bl + ET (s | aresin 3; — B3/ 1 — j3;
i=1,2

Quantum Mechanically Ju — Jom = Ju +a




Small and largemsep approximations

@ Forsmall msep, and 3, — 1 themodified Regge
trajectory Is

J =o' E*
1_22: 4\/%(771@-)3/2 2V (mz) L
275 B T
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@ The intercept Is related to the Casimir energyof the
guantized string. For an ordinary string with no massive
endpoints

Ef__"ﬂs mar —

@ For a string with quarks on its ends theeigenfrequencies
are given by _ g=m/TL

26 “
tan(wn) = qgf 5
“n |

25t

2

We computed the interceptam |
Using acontour integral . 1

\ 1q




Summaryof the HISH model

e

(i) GRadial 6excited string states-

@ The excited states of ordinary string with no
angular momentum have a spectrum of
N =d'M*+a

@ For string with massive endpoints

WN = O{’(JW' — M1 — m2)2 + Ay

TL
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@ A string calculation for the break of the string

yields linear dependence on the length

I — gATL(M. my, ms, T). |

L

@ For short strings with important role of the
massive endpoints we add ghase space factor

[ — %4 « &(M) x TL(M,my,mg,T).

@ The phase space factor

M M

' A i My — M-
b(M, My, My) = 2201 \/(1 _ M+ fﬁ)z) (1_( I _ f2)2>




The branching ratios

@ What is the probability that the string breaksand a
pair of quark anti-quark Is created.

@ In holography this translates to the probability that
a hadronic string hit a flavor brane

@ The resultis | 2 m2,
1" ~exp (—1.0 F ) — exp | =27 —£
| Teff

refr
@ This is the similar to the result of Casher Neuberger

and Nussinov




@ |. A brief review of the HISH model

@ ll. Fitting with PDG meson and baryon data
@ The structure of HISH tetraquarks

@ Decay mechanisms of tetraquarks

@ Structure of pentaquarks

@ Decays of pentaquark

@ Fitting procedure

@ Terraquark candidates

@ Test case

@ Predictions of tetraquarks

@ Pentaquark candidates

@ Test case andoredictions of pentaquarks
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Fits of HISH for mesons
and baryons
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Fits of K,K*, f /fand D
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Fitted trajectories of mesons
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Fits of D*, Ds,Ds* and y
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Fits of B*,Bs Bs*,U
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Toward a universal model

@ The fit results for several trajectoriessimultaneously.
The (J, M?) trajeCtorieS of p.w, K* ¢ D, and ¥ mesons

@ We take the string endpoint masses in MeV

My /g = 60, mg = 220, m. = 1500

@ Only the intercept was allowed tochange. We got

o' = 0.899

a, =0.51,a, =0.52, ag+ = 0.49

ayp = 0.44,ap = 0.80,a¢g = 0.94




N: even and odd trajectories Ar even and odd trajectories
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N: even and odd trajectories Ar even and odd trajectories
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etraquatksHISH




The HISH structure of atetraguark

/

@ A HISH tetraquark has four string endpoints, two
with outgoing orientation and two incoming ones.

@ It can have a layout of5 strings but from similar
arguments as in the case of the baryon, it is more
probable that it is build from a single string with a
diguark on one end and ananti -diquark in the other.

:
—




The HISH structure of atetraquark

@ An example of aholographic (a) and HISH (b) tetraquar
(@) (0)

C
s c
u/d c: :

@ In fact it can have also a more complicated structure

sl ol

(a) (b)
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@ The structures of meson baryon and detraquark

Holography HISH
C —
C <
s I s
U/D=—2= —— a. Meson cc
c __ C e
s I ® u
C ®
U/D=s
@ b.Baryon E cc
C —
C e c
S —— -
C o &
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The HISH structure of atetraguark

@ We consider here mainlycharmed tetraguarks
which include one c or anti-c and up to cécé

@ Altogether there are 125charmed tetraquarks, 40
with single c, 40 with anti -c¢, 10with two charmed
guarks and 10with two anti -charmed quarks, 16
with cé.4 withccc and 4 with 7=~ and one cécé

@ There are5 symmetric states with 019192, 92
44 semi-symmetric with 71919293
60 asymmetric genuine with 4192434



The HISH structure of atetraguark

@ There are separate trajectories fopseudo scalar and
vector meson , for spin %2 and spin 3/2 baryon . For
iInstance the trajectories of (K,K*) (D,D*) (B,B*) and
(N,D) are different.

@ In a similar manner there should be different
trajectories of spin O T, spin 1T* and spin 2 T**
tetraquarks.

@ The mass difference Is

|ar-| |ar|
! o !

My — My =

C¥ ¥




The HISH structure of atetraquark
@ Since thetetraguark is asingle string It must have a
HMRT .

@ The ground sate that hasvanishing orbital angular
momentum has a mass

Mr = in"'irdimi-a-rk_[, + *'?I"JBVL + ﬂrfdiii’”ﬂ?’kﬁ + ﬂrfBVR T

slope intércept




Decay mechanisms of HISHetraquarks

/

@ Is it possible that atetraquark Is stable against
strong decays?

@ Assuming that the only decay channels are the
breakup and annihilation and since the threshold
to decay into two mesons is lower the stability
condition Is

My — (M, + M,,) <0

@ Where the ma andmb are the mesons resulting
from the annihilation

(q1.GR)and((¢1qR) or (¢1.d%)and((q; qR)



Decaymechanisms of HISHtetraquarks

@ Inserting the masses of the mesons we get

a a. Lo,
My — (M, + My,) = Mgy, + Mpy gy | | T' - \/| f.”“' —4/ | f,”bl
QU Y g X

@ mass of the BY mass of the amBV

(ol )
T mqr “'my/) slope of tetraquark and mesons

(ap, ap,, ,a,,) intercept of tetraquark and mesons

@ Note the masses of the quarksancel out .




Decay mechanisms of HISHetraquarks

@ Using abaryon that includes the samediquark as
the tetraquark and a third quark the stability
condition reads

. i a
Mrp— (ﬂ'{ma +*n*'irmb) =+ | :rr| o ( ‘ :BL‘ + | :BR| )"‘{J[BL ‘|_i'1v'fBR) - (?n@L —l_ﬂ?‘i{r)_ (J[ma +J'n‘"fmb)

@ Once we haverelaible values for the intercepts we
will be able to check whether there arestable
tetraquarks.




Decay mechanisms of HISHetraquarks

@ Decay 0'es) viannihilation in holography and
HISH
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@ Decay ofssss via stringoreakup
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Possible decays of the tetragquarks

Holography HISH
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PentaquarksHISH



Pentaquarks

@ Tetraquarksare the simplest exotic hadrons related
to mesons since they carry Baryon #8.

@ In a similar way there are exotics related to baryons
with B=1 These are referred to aspentaguarks
since they include 4 quarks and one antrquark.

@ Excluding the top quark there are altogether350
possible pentaguarks . 5possibilities of the
antiguark. 5 different combination for 4 different
guarks so altogether2s.

@ 1929249394 150states ¢1g2g292q3 100states
@ 7192020393 50states 192929292 25states



/

Pentaquarks

@ Charmed pentaquarks there are210possible states

70 80 40 16 4
one ¢c. one C two C three c four c

@ There 115enuine pentaquarks that do not contain
a quark and antrquark of the same flavor.

@ There are50that are semi-genuine containing a
heavy pair



@ There are twoelementary configurations  for
pentaquarks.

@ Since by construction the BV has to have aet
number of Nc=3strings coming out of it one can
add pairs of string anti-string to the BV.

@ Thus there is a structure based on &ingle BV .
There are several options for that

%\q / :/ KRN

(a) (d) (€)



@ Based on the analogy with the string structure of
the baryon we assume that the onlystable
configuration is (e)

@ For apentaquark with content of (c,c,5u/d,u/d)
@ In holography ¢ ==s—— —

e o e e R R e e e e m= m= — — S S Em e e == ==

@In HISH




Pentaquarkwith a BV anti-BV and BV

/

@ The other option is adding apair of BV anti -BV to
the BV of a baryon.

@ The pentaquark is built from two finite size strings
with a BV and a diquark on one side of them and
an anti -BV on the other side with an anti -diquark
attached to it.

@ For a content of (41,42, 43,494,¢ ) there aré
nossibilities of forming two diquarks.

@It is not necessary that the two strings are
collinearr.

@ Since the contribution of the BVs are small
pentaquarkswith this setup are not heavier than
the those with a single BV.




Pentaquarkwith a BV anti-BV and BV

@ In holography this type of pentaguark looks

U I ——— T R i

@In HISH




Decays ofpentaquarks

/

@ The decay of apentaqurk built from a single BV can
be via a breaking of the long string producing a
penaquarkand a meson.

@ A decay via adetachment of the endpoints of an
outgoing and incoming strings on the BV

(a) (b)

0/
_ u / d
(.

< u/d




Decs ofPentauarks

@ Decays of a (BV anti-BV BV) pentaquark

R1
CILL\ _J—‘<c1m v\ L—/qﬂl /C]
) QuUe——q == qR——8,
qu g

gr2 qu \qaz

C]th\ _ .
o —3q &= Qre——gq = (§)——0dr2

qr2 /

C



Fitting procedure

@ The mass of the exotic hadron

E = E(mq,ma, B1, Bo(my, ma, (1), o, a)

B; arcsin 3; + +/1 — B;

i=12

@ The angular momentum + excitation #

J+n=(J+ ?1.)(&-’_, 51, Pa(my, ma, B1), m1, ma, a)

2 B

i i 1‘52)2 (arcsinlﬁé + Biv/ 1 — ,51-)

J = T TN
i=1.2

@ The direct dependence

E = E(J +n,my, ma, -;1-!_._ a) — | M?* = EQ(J + n,mq, ma, -:u:’_._ a)




Fitting procedure

@ The fit degree of conformity

1 - (1“[1293: o 1'[3 r )2
RIE:_Z . o2 fhy

L/

=/ ;

Estimated asured m

Y

predicted mass

total number of DOF total error of UETP



Fitting procedure

@ \We make the following assumptions:

Mpv + Mgiquark = Mgy + Mg

@ Fordiquark composed of dland g2. This means that
the BV is In the vicinity of the wall and its mass is
negligible .

@ Theslope of a tetraguark (pentagquark ) is the
sameas that of the meson(baryon) with similar
endpoints.



Fitting procedure

@ \We use4 different fitting methods

@ Free fit- all the parameters (o', a, m; and ms)
@ mland m2 fixed a andadfree to vary.

@ mland m2free to vary

@ A the intercept free to vary
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Tetraquarkandidates and
predictions



Selected

Candidate 91131‘1{8 Decay JPC Ma% Wll{iltzl Ref.
Content , [MeV] [(MeV]
Channels
X (1855) Molecule n 777 1856.6 £ 5 2045 [56]
=71 [ES
X(1835) | Molecule P 0+ 1826.51130 2427114 57 % éi’g]*
, . 5

udud . .

f4(2300) or NN 4 2320 4 60 250 4= 80 [60] [61)]
USUS -

£2(1640) or KK 9+ 1639 + 6 99+ 64 65
dsds [66}
USUS B

f2(1750) or KK QT 1755 + 10 67 + 12 [67]
d3ds
USUS

£2(2300) or AA 2+t 2297 4 28 149 440 [68]

dsds




w(2290) or AA 1=~ 2290 = 20 275 & 35 69, [70),
- [71]
dsds
USUS
13(2300) or AA 3+t 2334 & 25 200 = 20 [69], [70]
d3ds
usus
X(3250) or ApK™ 77 3250 £ 8420 45 £ 18 [72]
dsds
USUS A =Tt 4
X (3250) or i%f‘_f ;fi 77 32454+ 8420 25+ 11 [72]
dsds sPP2
K(3100)° usid > (1385)%p 777 ~ 3100 ~ 10 - 70 73]
o DK+ 7 _ -
X(2632) clius D 772 2635.2 £3.3 <17 [74]
T.50(2900)° edus D-K* 0+ 2866 £ 7 5T+ 13 [75]
651(2900)0 ediis DK+ 1~ 2004 £ 5 110 £ 12 [75]
(2900)° csud Dfn 07 | 2892 £ 14415 | 1194 26 & 13 76]
T%(2900)* | csud Dint 07 2921 £174£20 | 137 £324+17 [76]
X (3350) cddii AFp Oorl™ | 335015 £20 | 7015 &40 7], [78]
X (3800)° cddii AFp 77 3840 £ 10 30 £ 30 [77]




T..(3875) ccud D0t ?? 3874 +0.11 0.41 +0.17 [79]
- . Many,
= bt _ _ A\
Z..(3900) E;}S ‘gg_*i 1= | 3887.1+26 284426 | including
di 80
ccud
Z,(4200)* or J [t 1+=7 4196733 3707150 81]
cedi
Z,(4430)* . T(25) s 47813 181431 | 52 (83,
SE | T | 841, [85]
ccud —
D*D* o L | 86], [87]
X (4020)*F & 109/ ( 5 | _
X (4020) C;;ﬂ ho(LP)r . 4024.1 +1.9 13+5 38], [88]
ccud
X (4051)* or X1 (1P) 77 4051123 82150 [89]
cedu
ccud
( ()7
X (4055)* or 7+p(2S) 7= 4054 + 3.2 45 + 13 po}(._‘ 1]
cedu 192]
ccud
X (4100)* or mn(15) ?7? 4096 + 28 152439 (03]

ccdil




Ri.o(4240)* =(2S) 0 4239159 2207120 [04]
X (4250)* T\ (1P) P77 4248190 1771320 [89]
T? ,(4000)* JWK*
- also D D*° 1+ 3980 — 4010 5 — 150 [94]
Z5(4000)* D:*+DO°
Tys1(4220)F
also J/WK+ 1+ 4216%30 2331110 [94]
Zs(4220)F
7., (4000)° ccds J/ YK 1+ 39917%35 10571577, [95]
X(3960) CCS5 DF D7 0FF [ 39565410 | 43+£13£38 [96]
X (4140) ¢TS5 J /¢ 1+ | 4146.5+ 3.0 1947 [97]
X (4274) (S5 J /¢ 1++ 428613 5147 98]
Xeo(4500) cCs5 J [ 0++ 4474 £ 4 77+ 98]
Yet (4685) CCS3 J[é 1++ 4684713 126 =+ 40 [94]
\60(4700) (Cs3 J /e 0+t 46947 878 [08]
X (4350)% (TS5 J [ 77+ 4351+ 5 13755 [99]
X (4630) CCS5 J [ 1—+9 462672, 1741180 [94]
1(4360) CCS3 J/4m 1— 4374+ 7 118 £12 100], [101]
1"\2_1'{,3_
(4660) DFfD7(2536) | 17~ 4630 £ 6 72775 [102]
DF D*5(2573)
wu(6600) ceee T/ J [ i3 6630 = 90 350 £ 11+}13“ 103
o (6600) cEcE J /T[4 7771 6552410412 | 124732 433 104
e (6900) céce J ) J ) 777 6886 % 16 168 i 80 105
-'F Y ¥<TaTaTal] i — T4 T/ o?P? SO~ L LA 100+24 | 10 T1m 471




The states Ty y discovered that we analyze are

Selected .

Candidate Quarks Decay JPC I\-Ia&.&; W ldt? Ref.

Content Channels (MeV] (MeV]
Ty (6600) | cece | J/wJ/w | 77 6630 £90 | 350+ 117"
Ty (6600) |  céee | J/J/ | 777 | 6552410412 | 124732 4 33
Tyy(6900) | cece | J/od/v | 77 6886 + 16 168 + 80
Ty (6900) | céce | J/pJ/y | 777 | 6927+ 9+ 4 122721 + 18
Tyy(7300) |  céce J/wJ/p | 27 72870 + 95+30 + 19

@ The decay width of

from the annihi
and the breaku

ation decay

'y (7300 gets contribution
Fﬂ.ﬂ.ﬂ.?:hﬂﬂ.tiﬂﬂ. = 4Tﬂfflf
0 decay giving a total of 78 Mev in

comparison to the measured one95Mev




A test case : Ty y the HMRT spectrum
@ The HMRT spectrum

. Thry Meson | Baryon | Baryonic
Candi- . Meson: . J ) . Thry |Gen-
andt JFPC  |Quarks| Width CSOUS I Threshold| Anti- |Threshold " aT; ry e
dates (MeV] Pair (MeV) | baryon | [MeV] Spec Spec ar, J + n|uine
b (6600) ?te i 6768 — 6887 | 6622 — 6745
»(6600) | 777 _ Chc _ 6926 — 7040 | 6857 — 6973 | ..
26(6900) | 277 | ez | 72 In.1S)me(15)| 5968 |=EtE.o| o3 | 70787188 | 7078 — 7188 _z'g _g; R
s (6900) ??? ' oo 7225 — 7331 | 7288 — 7393 e
T (7300) 7?7 7366 — 7460 | 7489 — 7580
Tyy
—— best fit
60 -
(O model spectrum
# measured spectrum
55 -
<~ 20
=
L
S
= 45 -
4{] -
35 -




. Atestcase: Ty vy
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Figure 1: Location of peaks in the LHCb data. Adapted from figure 7 in [1]. The 7.2 GeV
state appears to be almost exactly on the =..=.. threshold, which is at 7242 MeV.



@ We summarized all the predictions in the following

table.
: Thry Meson | Baryon | Baryonic . ) i
# %al;dl‘ JPC  |Quarks| Width M;S‘?“S Threshold| Anti- |Threshold SJ S” aT; }T} Gen
\a s [MeV| ar [MeV) | baryon | [MeV] pec pec 0T r e

=

Threshold for

Ohry width 6both Threshold for
ol (J, M?)

and

Resonnances

baryon anti-
baryon

creation the

already detected :
mason pair

@ The J specand n spec were computed as follows:

@ Determining the baryonic threshold and let it vary
40-15Mev ( based on available data)

@ Calculating the # of states between the mesonic
and baryonic thresholds.



HMRT tetraquark predictions

o

@ We derived the range of the spectrum for two states
below and two states above thg+n =3 for the two
spectra.

@ When there Is no baryonic threshold, since the
baryons were not discovered yet, we started from
the mesonicthreshold and from there up for 12
states.

@ (Genuine orefers to if the tetraquark is genuine or
not according :

@ If it includes (u,d,s) and their anti-particles the
products could be reached from a tear up of a meson
nence not genuine.

@ Genuine * contain a pair only of c or b.
@ Genuine** does not contain a pair.




Holography modified Reggetrajectories (HMRT)

/
: Thry o Meson | Baryon | Baryonic -
# %‘:;i JPC  |Quarks| Width Ml‘j;?f* Threshold Anti- |Threshold| ¢ Jec . ”éc STJ fljr‘ 3;1 (if;
[MeV] [MeV] | baryon | [MeV] °p P Tn
. 2631 — 2770 | 2270 — 2448
_ . AFp 3224 | 2972 — 3005 | 2829 — 2961
1 clud ‘;%‘_16}1" DOq? 2000 =rR- 3657 | 3264 — 3374 | 3264 — 3374 _‘11;25_“_‘0152 3
vH+A-—| 3686 | 3526 — 3626 | 3635 — 3731 |
3766 — 3858 | 3064 — 4051
9634 — 2770 | 2270 — 2448
+- 29, K
o| X(3500) |(0or )" Ida | 79— 118 DY 2000 fig’_’ giéi iggi - ggg; gggi B gg?i —16-—-12 | 3
X(3800) 277 ettt | 30 —61 D+r— 2010 s > e Lo —1.2-—0.92| 2
=0 3586 | 3526 — 3626 | 3635 — 3731
3766 — 3858 | 3064 — 4051
. 2637 — 2782 | 2273 — 2451
oo 11 L0 . AR 3226 | 2974 — 3008 | 2831 — 2063
3 cdug ';1__16}1' g[]r"z‘ gggg Hp 3392 | 3266 — 3376 | 3266 — 3376 __11 ;;_*_‘Dlégg 3
‘ =+ A0 3584 | 3528 — 3628 | 36373733 |
3767 — 3860 | 3966 — 4053
) 2854 — 2002 | 2537 — 2608
P Y 3302 | 3160 — 3282 | 3029 — 3157 _
4 cuda | 5~ 12| DOxm 2005 |AFA-—| 3518 | 34323542 | 34323542 | P51 2 L.
=05 3650 | 3679 — 3780 | 3783 — 3881 T
3008 — 4002 | 4098 — 4187
2637 — 2782 | 2273 — 2451
I P gy 3226 | 2074 —3008 | 2831-2063 | . .| 4
5 cddd | '3y g1 D+x0 2005 =0n+ 3667 | 3266 — 3376 | 3266 —3376 | ~ 07 0| )
nIA+ 3686 | 3528 — 3628 | 3637 —3733 | 7
3767 — 3860 | 3966 — 4053
2856 — 2004 | 2540 — 2701
I sHn 3304 | 31623284 | 30313160 | 5 0| 4
6 cdud | 00 . D+r+ 2010 AFA* 3518 | 34343544 | 34343544 | " | D | e

















































