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WK DENS ITY LOW TEHPERATURE

Whereas ot high™T entropy wing
—® quark-guon Plasma with Symmetties

of Qc¢D La.ﬂm\ﬂia.n manifest
A+ \4r3e N ith small T we Hind
q’w.rk marher with new patierss

og orde(:
¢ (olor Supcrcomluc-l-ivi'l-lj

o Colot- Flaver Aocking
. Cra‘-\‘“h\e Co'O‘f' S“PGW“AWHUHS

s A+ large eroush o (4o be defined
 below) we have answers.

* A+ lorge but notso larqe m, we heve
o puisle ;aud hints,

o How coan we wse a,s'l'(bphsﬁq(
observations ok campa.cl- s-l-crs
‘o provide answers ?



WHY  COoLOR SUPERLONDUCT/VITY?
LO-i'%Q # — q,htd.f'ks ‘gt“{#‘\% FGI"’H!E Sea

wup to o large Ferw eueratd_-(‘Ep.)
asymplotic freedom —> weak

interactions Petween g uarks
et Ferm: surface.

BUT auy attractive nferaction, no
matier how weak, =

cooPBR PAIRS ;3 <99
One 5(1.:01\ ekckauae, (¢ ustuuton ‘m‘f‘crac'f‘faa)

attractive wm color 3.

(np need fo Tesort “o Pkanbﬂ53 oo
9qurcoaJ.uc+iui-|-3 moMe robust 14 @CD
than i weetls. Higher Te/Eg.)
<‘Vq’>) ce Cooper pails ok q’mrés’

=p.electric ¥ cdor curceuts supercosduct

- mass Jor photon 'lr(iome) 6(uausC?>
- Meisguner efSects. (Haan-ei'?c B
tolor w:suc(-}c $ields -exc /u&#,)



AP AND T
M_i-_‘i‘:l work (that T coill not f“eﬂe«aﬁ
Susﬂed-s ‘et @/uQH SO0 MeV [~ 10 ¢ neeckear

eusity |
A £ 100 MeV
T, & 50 MeV
Note: T /e ~ Yio -a“&f-_lé \$ higlﬂ.T:. 5-5-.(
Two classes of methods ~ oqfee §
f:.) medels nocmalized 10 JM=0 Phgf.f;s

- srlyo k. y . = Iboired
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F | ) - g i
E*F'r:'t”-;.r ';%'1"%*“”-"‘1_-, Dr‘i-ft-é.rﬁh.t’."‘dl, E=vaw s, He ce - f;"'ﬂl?

() weak -coupling QLD cal e lations , valid
for JA R R 4§20, ( @ ugutitafively, valid
for 4 £1 wlith weous /A?./O‘Hcv K;Eﬁ::m.d'--ar)
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Fhovtowy) Luyjew ardlious 7 Buaas Hs e . Sl wodh €

Brown L, Ren; Beane ,Bmﬂg? we, Savnye;, LE, Gluuster ; Kizlibe, sugs ...
Fd ~ exp( - V%) tomes Kromm Jlivuﬁme n Sl wﬂj@ zur‘fea*?mg
via exchange of wuscrecnad urigue fic %{f_mu.s.:
X A 3 On g Dn
e
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In cold guark matter, guarks near
Hueir Fermi surdaces Pair
= Color superconducH w"F-y

Pottern of ‘P‘"(ﬂﬂai

of olor’ \
<‘F Cg_r ‘PB>”A.€$ éabl
éﬂd el B 4-; ﬁ’
Slavor Locentd 'l'Aze 6.51,"’6,5 fb!

Scala

.an+\$5mm¢+f'a n colof' 4 ﬁuc
indices energetiaally favored ;
Slavor antisym. Sor ced by Pauli

e TS density great enough that Hs

 can be neglected, A 2D, A4s

o Al q guarks pait , maximi ging
tondensation eneray; leaves
laraest symuetry wnbroken

e Demonstrated rigorevsly at

gcymp"'b‘l‘lc deﬂ‘;'\" 2
sUhabroktn symmettios el ere cobr+Sbvor
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= One linear combdination of Ph’h“'f
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COLOR = FLAVOR LDCKEBD QUARK HATTER
o OCL WS "0!‘ }A.’pﬂ,ﬂh‘ ok Guy y i; _H_ul‘ g‘q”‘h"

o all q guarks pair aud are 3«pp¢4
° Supcr-q'(uicl
¢ ¢hiral ‘iylﬁﬂ*e'l'l'y gpoa'\ﬂu‘m’i‘y broken 5 "oy a
new meckaainn(( FL),
> “pions” aud “kaons” ligutest excitations
e "“‘S\CSS }g Mys WMy Tk TO
o~ dew MeV moss (<)) for feul Msud
e “K" may condense
s Unbroken amaed W) 2 mass less Pphoton
® Ai (Olls as T< rvw JTY s @S ~¢M H&V 4

* Trauspprest 'Wielgtor (wasbval woifeocdt lectrons)
- wdex oF cefraction aud “.cmhou/m&cﬁ,

oelkiciouts Lroww
-Vary somell $P¢¢i'ec h“‘(', ueuttine
ewissivity , Viseas'rty . Good Hueruwdl conduce
” A\l “Wwese Plopel ‘Hds) aud woflt, ﬁjorow; ly
Ced culeble 4 /"“"70:’ y4-20 iwst, Chical
SYywm w brcak‘m, aud ol s msei%cncrs
undershood at Wigh density, o densiy ‘f'm?

o Oceurs th unature wherever M2 M;/ZA .

o LWhat qre he Poperties ok c;mrk weectler
et  lower deusity 777 ...



W HAT CAN RE CALCULATED ?

Som QD frow st peinci ples 7
o At GS%HP"D'HL AOM.SHfGS, auswer iS

~me.\!er'a-“la'nma“'; Mole Yhan 1\ aub n""hor'

Ciccumstance v &CD,
- 'h Hue CFL vhate, there are
no unresclved nonperturtative
A v bisu'r'HQS: ne %G.Plﬂs 'F'f'mim,'
no MGSSIQSS aluon!, No IR&“"‘&«%
- caleulation of A s nowpecturhutive,
bu"l' Cowtrolled ':7 Sma(luess of g
'ama(oﬁwe.s of confinem eut a«d
Wi put Gbmv«d'fa bmk':h.j are
caleyldble at weak cou.pliug_
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¢ M potentially accessible desifiex,
4 nct Small. Means B cauno?
be culculated precisely “‘”‘”’“S
e buu;\or lottice OCD ﬁmk‘ﬂtrwsh-)

BUT: if you Jake A as given
Cie +regt as o Patow eher wkoSe
Value kuowu ot erdar of mugu?(ule
lCVeD then mauy physical Properfi
calculable w ferms of A,

Eq: spec fic heat, +he rual condeciviry,

thdex ot m?mc-h‘on, neutti uo apach‘-g,

neutine ewigsivity, shaar viseesity,

bulk viscosrty, ...

r‘ng of tuese described w'rthiy an
e8C eckive R eld Hheory for The Gollcfeue

bosons, whose Paraw ekers are deter iued
by O



CINTERMEDIATE DEVS/TY QUARL MiTh

@ Ms T Ppl"l'ld'
Y F!’l" ot guh-‘-‘boﬂ) cpus'{hl" AONI H*-‘f?c.'lulug_
quartks, MyzMd=0 Mg #0 , mpPoge

electricaf ueu+ml§¢3 aud weak €gbus ;

PF

b OpF

0 IV\ uoh'lu'@c.ru'ﬁ'j ?mk hld“"f“, sPF::

o Motivates Tegult that (FL

Pﬂ-"-r'mz *breaks’ when ;—“3 > A 7?
)4
iA’&o, when (CEL “bl‘eaks"’ AD I'OS'IAHQI

{udD Pﬁf'ﬂ‘-a either, Albord . kR
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W RAT RePLALES cFl, AT LOWER ﬁ?
We don't a{:" know ...

We do know: — "
o CEL cing 19 unstable on ¢ S
. ﬁiiéf& ;auvaris <R) M 24
awd gtuble Sor lamer u.
¢ o IS A \arge ewough ¢ Mg not ‘oo
lacae, CFL aquark matter 13 stable
a“ +he mus dawn 4o trangition

+o nuclear m acher,

-T? Qﬁ‘:. M;'-'-3OO MCV
A> izs HeV
CFL or
JA Mg = 200 MCV
AS> S MeV
QA LVESTIONS:

Whet 1§ less Symmetricully paiced
quark matter whervenos? ITe, what
are properties of quark mather with
< Ms/ea ?

Whet ace astro plu,siml Cons eq, vences &
neukron stars hove CFL cores 7
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Leess SYMMETRICALLY PAIRED A&.M.

Gopless CFL Phase?
. 204 hjdlaqs-" Jens}{j » hase ) Fhin
o spabially wniform ansets
- nice digkinctive astophysical %
'-lau-\-uu { A)Sord Sotwan; Kooveris Kude kB

- unghable o currents —binhaMeacmH-a

( Huary Shovkovy; Cacal buoni ¢ al 3 Glounakis Row;
tuku,sl'*}l‘unb

Crystulline Color Supercond uckvity ?

B M‘b be e auswoelr, but:

. arior +e logt week, ovaly ted
only in 2-Flavor petting , worHeout
lwp osing ’\u&’ﬁ‘nu(‘z

- petential Tor astmphuysicl
S"sna-‘vu res, ( Alford, Bowers, Kfz\)
butr no+ yet auuly&ed

Wg&\cieu'l"y 4o Soy how
distinetive




THE GAPLESS (FL PRASE

o Al @ quarks sl Pair, with same
pariness a5 befere. BOT:
- 8, < b <A %
- 4here afe shzlls " momen i
Space canHm'ma UM 'ﬂ'&ﬂ CLuurk;
ES; Sor Seme momenta , Lind
bd quarks witw ho @S
ot which o paif

9 uarles w
- b4 - 4s Q&\ﬂl&a J'iSfHP*'Jj
Tecwit Suduces split.

- CFL = 9CFL +eansition 1S
an nsulaor —» conductor
reansition, 244 ordar ot =0
and ¢rosSove( & v 20
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aCFL DISPERSION RELATIONS

80

[MeV]

8y

s
=

Excitation Ener

1240 460 500 4 520 540
pbd p [MeV] phd
s conventional linear dispersion relufions Lor
3apl-ess fecmions at +wo momeuta (wi*k
wnpaired quarks between these momeuta)
¢ unconventional “5""-*‘“3” dispersion relation,
Practically guadtatic, at a +hitd momentum
- characteristic of and u»f:;ue +o 5CFL
- due to the way electric neutrality 1s
maintained , not dueto any fine funing
~aud, has consequences....



CONSC QLENCES oFf A “GRAB /WG
DISPERSION RELATOAN

Alfocd Todtwan: Kovvars Kusde KR

> Cy~PBTA" BT

=2 IS present, o 3CF'L lagyer
acts like o hek waber beTHe,

keeping aging W eutron stars

ovoma lougly war m lofe | W
dneic life, beceuse o s

latae haat Cnpa-‘-'-'l"'at
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DETECTING WARM oD STARS 7

o Firgt cut aualysis b, Ic‘PI‘ﬂ
( net worth Jo'ms seond cut wutil
more readis T d‘us'r'-!’ pra":ifo 3
ohwosphore, addd To Colelstion)
o T4+ will be o C‘w”cuﬁg o fiud
tuoge Sfess , without kua.o'mj
where tley are, > Fig.
o Linmits on Fuerme| ewission $row
Dulsars Wt ate ~ /0 4Is %
—one erample witlim a fmctor

l o'(' +wo

o The alFL Wot weter bote keeps
o1 o 4n old ers wWorer -
ord oS o= mau’:“"dg +han \S ol

had any gthe © ComPeosHoNn




oCFL ThsTA BILITY
/

Ee-?oce a.s'ﬂb?\ags'laj bbSerVd'hns
have hed & Chaue To rise 4o the

C'flm“m&c o? W\"“a ot The
Presence o 4O quark matfer,
+heorists hawe dene Se Pirst ¢

The aCFL phate has a “Masmﬁc
NS -I-«b\h‘(-a Y ( H‘uma S&evka\;j:, Cosolbucni éd
Grawnak's Ren !, EwkwsmmﬂvD

=2 T+ Con \ower "+ enclay bb +urniu3
on curcents,

BUT: around stute ot a sysfew has
Noa current, ( ‘Bfach's Hieorew
e dhe unshubility tells s there
must b sowme lower endly phese,
but does uot Tell us whgt.
e Do+ 25C or variauts, Not « wixed Phese
. Currents hint we should revisit....
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CRYSTALLINE ¢OLOR SUPER wyw‘m/ry'

AlSord Boroei —
/r

r J . L . : T g
C:f-‘:,-.‘dﬁ,r,tbi.r_“- ity ..-‘".’.:f.?‘r'?r‘e::' Mﬂ! Mgl {/LHI:;’« ':1-"-...3 !{F'ﬁ-kﬁd "-’f".)’; : fl A F*"’"f“ L’/ Jegs £ & "
L ! 5 ( A€k =TS Sy "'1 Y

F

As M \f, & CEL “breaks" before Y&t 301‘1‘0
hadronic mather, quark meckter af

‘mhrwcdia\'! &ensﬂ‘z Mafa have :

Pairiuj _be{waen quarks «ita Jl"?f-lreu\‘ P;

GOAL: both quarks ih e pair on
resped-'we Fermmi Sur‘ﬁgga_g
IDE A Cgopgr pails with muu‘uu.(
| (Ped,-P43) Sor auy P
Each pair has Jotul momenhun 23
Olq,l ~ |2 S‘Pﬁ d eterm wed eu-ersei-ua.(/-a

o “patiern” of f% ;} . o Ewesh
(WYS ~4 2 e“h"x
o POt eous, bmhius‘eﬁ rotatioual aud

“ran slatione/ S ;
LOEBE i Larkun Ovelinn ko’ Tu/de Ferrel/ (176%) cons ;o)
— 51‘&68 for <ep o> P’-‘-‘-ﬂ”"}"‘j corty Feemer n
plittug. Ghate wot seen m conldensel] wctter. Troblew is
frut B orbit=l eats, not just Zeerman. KD,
i s “-g[mwr Feemain E’:?/:Hritg Y tirng Dut Yo beo

Yo Wertrered Cmq?te.r%—gpf JOFF's  iden '/




Basic LOFF idea

Try Cooper pairs (p, —p + 2q)

e total momentum 2q for each and every pair
e each quark at its Fermi surface, even with p% # p$,

e g chosen spontaneously, |q| determined variationally
(result is |q| = qo ~ 1.2051)

e condensate forms a ring on each Fermi surface, with
opening angle 1, & 1g ~ 2cos™ (du/qp) ~ 67.1°

— Typeset by Foil TEX - 6



MULTIPLE PLAVE WAVES

14 ‘35"‘% unsteble - 'Ebrmaﬁah of’
! pbune wave, dlis allows g warks
"3.'“3 on one (ing ON Escl, - S.
do pit, Mucl of F.S. fewoiuns

“h?d'lfd i
Why et mu | Hiple %': 7 e mulph

?
cings
'A)ar} na'b CoMp:re Moma Ji-p&rem‘
possib le {ﬂ“g ; -
P WYed )Y = Yy Ae

3.3 -
ound for end ﬁ:} Gl wlete 4 and SL

f%.ﬁ, ie crystal structure
with lowest (L wins.



Faver o .turﬂilﬁ to ﬂu-l»hch

FCC Crystal hm&w on .lﬂg,;, +lot s uot
uauti teots vdg reliable. Bowm !di?

e The cube structure is the favored ground state: eight
wave vectors pointing towards the corners of a cube,
forming the eight shortest vectors in the reciprocal lattice
of a face-centered-cubic crystal. The gap function is

27 27
Alx) = 2 {cos—(m +y+2z)+cos—(x—y+ 2)
a a
2 2
| A“A‘pl_ + cos E(.&L’ + 1y — z) + cos f(—m + y + z)]
A unit cell:

with contours A(x) = +4A (black), 0 (gray), —4A
(white). Lattice constant is a = +/37/|q| ~ 6.012/A,.

Sum o D currtents ; 2eto wnet curtent,

— Typeset by Foill TEX — 19



OVTLOO L AND HMPLI CATIOUS

Question: Ts there o cryshllive phase
with lowar eneryy +han gCFL 7

" Glmbura-L.,nJa,“ a.mi:‘s‘i.f yields
q,ud‘ﬂ!diw AUSWE S — eg whaet 18

$overed Crystol sfructure - bt s
Acst q'm...-l-i-lvﬁvety relialle, gt Qe

bew &. L.
- Need +uree- Flaver andysis
= News Srom lost week ...

- Curtent status: hobocly has shawn
ot o crystullne phase can hawe

lowar enerqy than GCEL

throughout *we aCFL window,
but +he SCFL 'mS"('ﬂB's(H:‘J \S
& ‘.(.mﬂs hint ?o'm‘l"ila " +uis
A\ cection.
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“THREE - FLAVOR “CRYSTALLIVE " PHASE
Lasel Duoni Getlo ip?@\ﬁﬁ Nearduli Eugg?gri

| l 1 ] 1 1 I I I L 1 L] 1 | ! 1 1 I | | I

— 10

= unpaired ~ 4A | s e

s 0 A

tﬂc:} i “‘--i’*_..i.ﬁ'-'-—:‘:}? i\

~— =10 Fires A LOFF

9 | 25C . 7L T

8o 2 LR 1

- v |

5 £ _,-f”/- I :

540 CFL-"  Loa -

@ »

S T 1

UJ*-SO#"'l ..... WEWNTREIETS L TN EE

0 25 50 5 Vs 100 125 150
M. /U [MeV] :
+iqd | -4
(U&d) *A;Q 3 <M$»""Aze

Greatly simplified ansate for “c.rs&al"sﬁuc-‘u@
and uet we see this phase does baut oCFL
owr o Part ofthe 8CFL window. L
A strong hint | since whatewr e YoV
+hree - Slovbr "cng(q\ ettucture +ums ouf
fo ey Wt wmust have loer eneray still.



ooTLOGK AND 1M PLI CATIONS
CRYSTALLINE SOPER FLOIDITY

e A two sSpecies Varsion of crystulline
5u.p-¢.r-9lu‘ud Moy be created in
sa.ses bgl\ u\-’m.eol& 'ge,fm'iauic a.+om:

Co mbesw‘c-, Sew Smhmno\t

- trap 2 hyper Fine shites of atom ;

- arCanae strong arrractive wheraction
between 2 “wc'fes". (Done vie a
Feshbads resonauce )

- load +he trep i di & Ferent
densHes Sor 2 “gpaxcies .

VORTEX PINNING % PULSAR GLITCHES

¢ Dotute Yo crgs"n\ s what happens ? &i‘:“s

Vor'l-lce_c,? Vort+ices ?'mad at Kl

wt ersections of cryshal's uodal pkw?
¢ IS 4uere ar 'p'mnd vortices , the

pleSence o% o |a&f.r ok crss-htl'cue

tolor swpercond weh wark watte
wrkin neutron s'nrseca?;\ol make Fuis

layer « locws Sor Bl sac G (vfches,

7™ bcr
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AtalerwyR Aawd & 2T W et qeom
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5\).9\ nerR f\tﬂ*us—s ﬁm\"rw&m nwand +alf o
basrashns 1 \oed 296y \witrae AP
Yoo bt oy wo Q) 23V £920Y Jpuothayrs2de

2i oo '\w\'\'sa&m asvadaily o ned AL

Su%&“m e'\“'v\w\annwu\aa oo sﬂi\hﬁ'ac'n :_
AT MNasly i zemani g NG ANT s oA @

2NNk
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G&LITCHES

Pul sars %ch.h'.
S -9 .6

—_— (O /O

_Q.\\ =

neutron superfluid
RoTATIONAL VORTILE S

s:.om

Crlitche s @y uive ( )
non-uni#am;Lg
(ie Crss-hl) s
\mpede (pin) metion &
ok wottices.
L +hau5h(' \mpossible ik

QU .

>

ITCH




CLITLHES N QuARI MATTER T

rcrystalline condensate may pin vortices,

" they frefer 4o follow intergections of
rodal planeg

> Vue lears maTher

Crystulline tolor super-

Coud«cﬁv gaark negther
CFL QuARk maTrESP

retut onal vortex (one ofF

many

¢ lould sowme ('J the smaller 7) s(v'ﬁﬁﬂ
Oﬁ'g inat® w a crssl-ulh’uc er in ¢'of'¢?

¢ ould ?ea:l'ur-os ot observed stiﬁk“
rule out evistence of cryshulline layer?

¢ S€tious 6|i‘|'r-h pkenoﬂcnofusy rgquiﬂ'.s
Ca(cufar(-ian a’F ?imn'ms -COPCG’ ad
Shear wmodulus Both can be Caleularhad,
once neutral, 3-Llovor, Crystullne Phage
w'l'h\ Iéal Cﬂ,..‘lﬁll S\Cruc+um s w hand,



FRoM_PWYS/cAL PROPERTIES To
ASTROPHYSICAL o NSEQUEWCESS

How can we leatn w hefher newdron
stars have CFL cores ’

nb: Unless surface tension 19
unexpectedly swall, tuis 15 « Ccase
where a s";usle .dMl.r"P 'm{-u'%ce
( with c(nu'seﬂ bpwtdar% ’aserS) is

fanored over o wired phase.
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ASTROPHY S/CAL (oNSEQUE AXES IF

MEUTROA) STARS HAVE CFL_CORES

o For given M, R a little smaller:

But, uncertaiuty in R skl iy
dowinafed bg weecleor ouber /M,Jcr.

Al ‘;mﬁ ERr.

o M a sharp interfuee, blg wI0 st P .
deusity step. 2160 siqral | D.‘

o 1§ spherical stars have CEL coles €
but oblate shars &oua'f')-v uu}:?sur«l( %p?u-up!

h:’+° T4, &~ ] en fﬁ. Cus 't Mg 5 e be ,.-: 4 ¢ N A rige
s 'ffﬁhipur'ewﬂ- méulater, » B in ore nat iu
Sluﬁ 414505; not frogen. =¥ 'a Gvo{d'h OHu

gwerwed bg ou{'ef (m-;cr.

o Tor T & few MeVs e Prckiad
o Very sl speci'cit heat > neuttine | [ . .. i

i P
izl '.I irf.f!" 25l

‘ ’ 1 If__
w168/ V! +3 ) ueutrino apacl'H-j. 2 Canaloy

s 5«1:«-‘:' luE&H-b - Very large siotovy Elt:s
termal conductivity
2p cooling of stam controlled by nwlz-r puter
ger

e Docr-inj sS«per hova T~ +ens ok eV P Meson pesg

[‘:{ur;":- (J"- 5,-!’

= Mmesons emit and scatter neutrikoS ol
Tachilbeua

é ﬁ“&, %‘”,m(f w P“ﬂse #ﬂﬂi;ﬁm Certer Neilly
2 siqnals in time distri bufon of superuova Y

o Bare gqusck sfar would be nice. NOT scen..
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Ve WS
Mice >S?\‘°M,. 5MTS,L6[\M¢P, .Sliﬂunr hmmr-, Cord es
e stro ?&/ﬂfoﬁﬁﬁ (appmrd +as wee ’r-)
A pmlsar (named PSR To75)+1907)
with mags .
M= 2.1 0.2 solar masses
L6 £ M L2 4 et qS"-"/, (on -C:Jen;e

A S ms pusar ma 6.3 hr orht

aound a 0.19 Solur ™muss white erc

» Over [0 y@ups of observetion, the 6.3 hr
or bt has Slowed Loa_ 1.6 % 1.-;/45 !

due 4o gruvihdional wave ewi $s10N.
* Shapiro alclu(/ measured. No acctetion,
Masg traugher , or X-tay @SS 1ON.
o L@ g ug opld. plered, as cleau as the
best previous mass measurements. And,
the eror bac will shiinle like

(,1 [duredion of cbservation) -y

e Mys € 23 Mo (shifh nuclaur e-g&%
€5 Mus with q uar h Cofe <(1.9-2.0) Mg Pasis Rl
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Pugtre: T4 non- CFL quark mater
Intervenes between CFL ¢ nuc loar,
what are '+ properties?

HIUTS: oCFL \nshbil;i-b ?r_v;crhgkl/fuc
wudmsq)‘e

toming . newhdl, 3+ Slavor crystulline
tolor superconductor, with realistic
Crnsh\ et rwchure . does o have lower
eneray twan o CFL?

LovgrR TRRH : Tmprove @l culutions of
Propertios and Cougequences of turse
?kases y al(ow'ma ohserva'('ious e

rule tneir presewe within neutton

stus out or n. Eq:
- P‘inn'ma Lorce ¥ shaar modulus of X-+al
% :
= Q(l"'( ‘\OS
'd.l“w"" no llwmi* ‘o Pmi‘@ EHPI"HVOHCH"'
w celeladion of CEL properties
- hew data Coming on M, R, V- tooling,
b“- v) Ll G'O’ seen




