]'\S‘hh“‘bns on Rgxgl awnd p\Cnoh\na‘o\nc

Wark w/ M.Unsal , a-Xiv:1202. ... (4o anw\
Ouklive:

|. Motivation. Perfurbation seriec and Borel resummahon
2. OLD onIR?: [nstsuivns aud renormalons
3. QCD om K}Sl (Puicke Su-u.u-/u) f Vesw s

4. QCD(M(]'\ on RXS!
5. Moviopote.- instaious m R¥xS'
C. Mulh-instamton “molecwles”
7. FuA'HLh a@i!ccl'ims

"B’L!'ha‘ h,,oéﬂu coma ' Ad' '}vr—?cs:
— Bowl 1rium nedn- & ¢ Hn{f} v Ler wedng
- Polycbey piclinre c ‘Ndweorf 10 3l
- ﬂo;omr/n)cpz Zinu-';{x‘l"':fn; neuwtad

‘brolo;deul Mmeteculeo ((“bovnies")

« Ond scvmte nuunen altvetopw 3

-~ N.0nsad o gavge fheaivs m IR XS
- Wil W}“(‘U Yeview o mzusw;l.

QCD(adj) IPMU talk 1/17 1/26/12



|. MOTIVAT 10N / BOREL REUMNMAT ron

Wh) ir Hue & cmbunew LEL £ QETSY

- & Copn WMMIfW

W:—/W’-z/m. e)!/any'm?/-t;}l%&/w}q
- Prrﬂl.u..: MM& Seu/ 1S e @F‘T;

?

Flg*) = po+pgtpygt-=PF
zuuuf/) heve O -raduse cfo:va;hg

~ Jistantnes (socllle -,n'wf coutis bk Pns
_ﬁ“‘ nm—fon‘. Creeh s

F-(y\)"‘ T *égﬁ/"(\;o*iﬂ“""'i\

QCD(adj) IPMU talk 2117 1/26/12



Borel resummakion idra:
If P has Combeges Boul travjnm

@F({«\’.ﬁ—-—-— %%'\'E‘-'!t""g’;:t“"m
wve Nighbrpod of =6 (t.g., i
lp,.l<c-n'. s N w\, Hun
v = L i -t/"
Pa)=g: [ @Pe 7 i

ﬂmw ) Z«fv:d' bacl P(yt) Z“Zﬁ

i Cipy o (4) heao sings @ t=/AT
@P?I (;SM/K'W{‘ ‘*‘w{'}% padt) .

t = plare ("Bl flm:_)

REV: We abe ‘9 Ii—.;a F

e ?“"‘“9% Hoo§{ 73 Ecice Sum.

bl

s \ s ‘.2 (—:-;IR?‘HQIP;;'-QIP

QCD(adj) IPMU talk 3/17 1/29/12



o A'Wb'.‘}'“‘."‘% o H’({‘\ ho 4o £im @
ineh cnitib e T F
- In \ehe "5 Beyonulnyi | Ziva-Tuch
OJWa*f/d\mr/ rm dwble-wdd @M ..
Mt ik (hanat) b= Bl
}0 L s Q‘M‘k‘f , evdutal e ,
4140‘ 2 ¢ vPnel +H 1">o A DOy

Wey o- [9/9‘\ yivef ura-\»‘n'rwm
O I\W NS " Vg\\n ]”M“' Léwo‘si\E'z"lB E

1™V Povna: P
\ /»cp . S
il R —~T—>\__ 1
12 |

bvee —h 15 Dgussireu wad; manet
be Autegrals f2 cele Ao
T-T ¢ nateil:

QCD(adj) IPMU talk 4 /17 1/29/12



00 /\_,:-:'1-‘1' ilptfevet c L0~ e-V

b ™ [l 32691 o e

\° DEG
- '\ g0
j"kz)‘h& —o - 80}0\““,"7 A8 (/s
91.(0 =) Co-&k@ 7"‘ 4

’ = I =Retiq e-zs/:\,,vg_/_ﬁ
Fm‘, ﬁ.% ndins A pt. (Ziws Tshin td) =/ 3|
siny. i Brud plam @ £ =23 =
Pig™ =3 ine ™ = B = Re, vnowdsy.
oo Call \523_ ‘]’Vleécv'pka-".
Q: Cpn /ﬂmmkﬂn QFTs 2
£.9. Qe Balitsky,Yung 96,95
A Nt e R - - (+
A2: Vet o RN¥S' (fr newe fhew)

QCD(adj) IPMU talk 5/17 1/29/12



l RCD mm R : | nstamtens o Cemmo rpedon /

w"“af doeswd Tt wake -Fn GAD o IRY7?
]r\s-{-..mt uduln com e el edolid nn Hn

J;Lwa Do Wes,, ?Aye /B_,-rle x a”"‘]
T;‘!»ﬂ omsf Br(e he- .kla]r Q@ 'l' Z"S-"ﬁ
L= P\ ~ 256 M 15625 )

e
A But BP#) hao ”f‘lhsuv,r J—»amy..

o’({;-‘m t’f‘-—r r=2,7,

3o
IR ~anew :t~n S N =renk(s)
& «\ / Row : n Sx/n - 'e“&.\a =
T V. ,.; r#
l 3
UV e, I., . 4on :zsr 15l /\'
f~'""$:|:/ﬂ
,P’l“l:-h 0o lemai—clanie f(»A
Wllard\-f Vel oD, 1 , o n n-(h

ot fp At - ho prreiph - P-vﬂ»- ower- P
h wele g 4 pNEED. /ety in (D4, Beveke PRTF

QCD(adj) IPMU talk 6/17 1/29/12



¥ Lipaloy ongumuit (o ”‘;"‘5“0 viL)
Sn& Feg*) = = {. 60498 -Sl47) (evcd. PT)

)/ Se = —-S[‘PJ
—,

FP) = 2, P»@’

‘ Pal
. S
o < 7 o (06 047 ¢ T
s [0 G 45 expl+ 52 Stﬂ - (ri g
,[5:4% pw{ (<P"‘4’, 9= >

S p4l

S —ae O 8 n 2| .= ¥
? (‘#\—0—‘."' (?a- (ﬂ'ﬂ\aj) z: an

L=3m<1'u~6rro/n W/ Se= 715 3 /”*"g
St @N e "’*' }’-??..-
(n+ e (- 5_1:\

;: n! (-$z)" 26 ook B @ =+ 515
.-.-,‘

QCD(adj) IPMU talk



3. QCD m R3xs' - Svmma«:, ff results
°§+v2¢b°d erlws‘-ng by M.Unsad & cothb.s
S0 W'f‘«r{ what 1Zrﬂms hn o CUWMINATY
ot Lirn e e ...
. S': periodic B f..f -F.,..w:w/ [\3._!- Harmet!)
* Swia ', lamge clons of Hhaoine, (omi-clan,
Ao amics S QUM = 3d mppct U

W/ (caw-’»s.
AN e h ¢ ot
B Pl (PLESI 9 ne fums > memoprl -
~IvstEuting gomnite V(x> Mar gqp 2
o finawaank (‘M = movispd-ingd) :
MW > L () ~ cos@) €M > M- .
R) °lql%-"/ Hérv:y, Withen (NPB2OG (1993)) © W/ oran
Wiupo-incd boye ﬁuv. Oerodin, =
do val gemct V() LViA-VF)..

QCD(adj) IPMU talk 8/1 oy




© Unsd (9309.3269) * w/ fornime, 3 MW =8,
| v JY
K"S Trvend stats. "bios" w/ nA Wag .
ngp > B+ ~ Vg(r\ "Cow--g'?'s"‘
7«&\»‘1}. W =5 WM w.wﬂ-‘m-l-.
0 Togethu w |oage-N vl \dbpulive (€)ute Kous,
kov“"\.vr(d,\’cﬁ’e), gt il Svadytotive L
7;4.;«"{26‘\/: nedu s i 'Rw;h— Unsd
0705.063% £ 0906.515Cy Unsu-Yafe 1006201
> We looh ot effedd of Mill; = B, (=i
W‘Y‘Mk"uy ,_N_”i‘;‘.{ W“ +b|’- Mbl.s
r 7uasi-ﬂ-mo.b §=> neb i be combmud b len Ve
= bt awml,lﬂ conbiavabim nof anbyvevs.
- B-t Lo W/ B,?/% bt noa~ r’*( a'n/v;.
fm pant E3TE TP 3 SES /N,
— .. B2Y ‘—‘?]ndu" be N E—f\w@
H‘v':" F°4Sl7‘/NJ

QCD(adj) IPMU talk 9/17 1/29/12




°Tkm o gk Siwilaa pn‘.h‘w o> 4-d
| R Muvuv{n rJ(O-'.

)
-[»_r =r. 45131~r-7£:5’.2
L, & — «WN ¢

° [ eads + Mmirj ‘-""i"it""’*{7"'“‘°"‘):
(1N 34 BB Fo‘zn. an Lanaitlomicd 'Ul'e/,,é'm
"‘( 4d (R reme-maln PrQ).
(1) Same 2t B Lol Lie raws i 44
wlocd 4~ R renavnsle- ,.I{», PV
BR prls A pech. Hay anound (1 vac.
(2) A"J‘."".Y.‘a 7.£.s o KBXS' have wo
hoper prle av t-plave.
/)(tl'u_\ Houm %)ﬂ %V«—r wa) be
az"eu«d MAW% eir Jormi-clen: et

M/(AM/}«M» s.

O (:\/ [:) { ddj ) [ P [y‘.“] U la | l‘\ 1 |j_t‘ 1 T 1 _) (J /1 2



4. QCD (adj) m R*xS!

* | ook at G w/ ne 04(]'01&34 'F’“‘“'.”‘ fn
(c] SuM w ne 2 ) }“‘”P“‘}
*NB 1=l = =1 SYM m RS <J
o ook of 3—J #a-?‘.@s‘cwb/ua' L=’
(L=sias o S') witt '>>A

(Jz‘ f"""" KK waooler
KK\; [-|oop ~ff prT4 V(?\‘Q‘
- :)e’qazymr/’ﬂw"y

S—I
o PECD oy (oot Hiyy L2 uhing)

o

CSA 44,4 w Ney ¢ b

[ KW
<Py € e v ’G—%U('\j
<(r76|ov/\1 G IU(\\XU(""'

11/17

QCD(adj) IPMU talk



°We ampute V,(p) = SU), Gi6)
prf'x min e idetie > UM
FQWM shrw oy o bidny ¥ ndsns
pet. '(-ew'd. Sarmi-clomicd wan- pet. ot
o't wove it et ... Leane & 7v'f7“v~
4 the svfw-j-cw % d QD (e/j) fn
G =S50, Ev, R G} _]
5. Movod PDLE - INSTANTONS o R3XS!
°.|..|n W') Nac. ( ({»#0 ), K| MW c VL epic /4-d)
somilomical BPS eovfigs: (ki) )
(D A (BET) instawtms: 'S]._-?-r’/a. "2, 'L\:ﬁ,\
®4d wemoprb-: m =9ﬂ°<A4> Csnge o
60n S’ l...m-,l-k L, Com w‘, prom op ele unu-Au
rmovnd S , Piving quzﬂ-wr&dvru/
chongyr jr—@‘ F =)\ ot S5 =) ;rfdz",?).

QCD(adj) IPMU talk 12/17 1/29/12



® KleePYi (770210 3 nasthan tvoloqundet
Rp< Moftﬂ—lh(mhh|({‘hﬁ<k~8\mp/(»
‘fn” large 9aug—tmsf awvd fhe e, .
TJva.;U W’Jﬂ—iurkﬂ» ‘Uo
dm/?e oy =lawest co-rret- S‘z‘%‘[l-(o/;;fﬂ).
Davier, Hallswool,Khoze (0006011 ,&]
wyeew w/ A=l Susy.
o A‘f Pc‘/ Vo bt uo ‘-(? >, ﬁ'\f&-&(‘y,{a\ ~ L‘?“'&l
S Y Bes mmopsl-inst have achn-
Sh~S/N .
2 4) ind. 4 U isye wwj'a - Nev fat s L
7" M-pfﬂ-isrﬁb/ma :
(’7%'44, Aewit- lanicel 'M’/m;m Ao LG/
JORN Y Ml"Mofd‘g -ipel confise.
Clekebe im (el Bk yamopste

-plodw

QCD(adj) IPMU talk 13/17 1/29/12



6. N\t - vstambon “molicules”
'Nebor bitpes fom Dilobe snctocdn sp” b/
of ko
o (i, M; hae 21, f@um‘n. O-we s, So
W-/}/@mﬁ 0‘1 ha- IMJ Mr ~
wthiscdom Ko fornc m exchange B
OA}d- ‘#C&A.‘¢ f”'/:, Mth ?77['%‘

A~ (“(o ) L
Vc)‘ + —;—;’- = +2n{.@nr

° (O(nbfj\ < Codom wihir: o \<°/‘:j I‘c‘léol

k.
8 (el () DO O
VT ’ \ \*u—"m‘)‘"ﬁ‘ bion
2 (S‘ae Co™ ng"\
*J—-)W bir~

Lonme 6> Bujemnetny's GMoa'-dt,ddd w/ ¢

QCD(adj) IPMU talk 14 /17 1/29/12



°The I\IMI—O' vwodle f\m-.v\a, B%Y Pds«.',}n\.

ﬁgre_wr\ N (?‘Jm’"'3 mogn. biow
(_ 1)2”{—3 WW 6".”‘

/!

(S—iha NEEZ, no bnwd‘fvlgg’:c Lina
"In C’:M WM"'A‘, #M/Slh&‘ln L&Lovn‘or:
A cmltvets hoye ﬁu«-‘aw'c O-w oo,
Ahan no  bawh prt ju amelst-c comfniahn.
~ newhol o plitvel .
°A check on +he BZJ P«Lu-a’rhm'. f"‘ Ne=! S
ﬂraha- tha Az SYM rerdt ..

QCD(adj) IPMU talk 15/17 1/90/12



OReTmf omalscis ﬁn Bq--ﬁ}i welcwls
(W'Li0h-mk'vwéj-L:tv\
o Now we few. D-wodie & only Covlmwl
alhnack m \/(r\~% %; =
o Quosi- 0-vards g:.‘ +_,H &‘.\;"o/;
Ig)= &}ré‘{:’ '(Jr-rle r )("(M
0

© v dV: 0\10\(W‘1‘k\r7 O'F L.M'B'J”
uwfmy( sv"ﬂcf' J'ﬁ o %’V“W“z
° r>o diyw we QZS ?WUI{'""“" Cﬁ’_‘.
e g0
7 s
= T(q) ~+(-5) FF)
O%Mdﬁ,‘—;(aM, (Al [ouk h 777" =

aM"(n'J-

LG = '—GJ‘)‘[" G*) ’tl‘rﬂ }dw' put

QCD(adj) IPMU talk 16 /17 1/31/12




o Thee BZY (Lipshv, 't Yieott) Sy
mamk A pols @ t,= 4&%; (-« €2)

\pe\avrer ? ?.f- , .
*Swilach: tF~ 23 o o ~E
{osds H co | e dbwnr A2 "'J\"""
4-1 (R Cemrrwaln = RS (w-bia)-(v-bor)
7. FURTHER DIRECTIDNS
° i’f\],l,‘ A P-"' e Wund chvi e Qq)(dj\l\-lf"*s'
*Fule of so-C-F-6 Qcblsd))
o Othe. fw«‘h nr{---(qvivu/,d.‘:ul\
o R¥T?, RxT*, T*
o (mal. et of PT (Witten)

QCD(adj) IPMU talk 17 /17 1/31/12




