EFFECTIVE GFT AND B3IM

{, EFT GENERALITIES
Trteaduction
Opexator classifreakion
Tnteqrating ovt and makchuing
Inav-e.o\a:w.’cs and vseflness
LV divergenmces and renormelizehien
Natoralness and tuvning
Symmebries

2. (B)SM EFT

3. H\6eeS EFT



@)

1. EFV GENERALITIES

WHOT are €FTs? s its flwechve and c‘)\ﬂvediﬂ.n'\'s ?... Em.u.sf\zs.
WHY ave -k\u.\( vsefol ? do -‘-(\.u‘ work? .

HOW +to coustrvst themm 7 1o use dhemn ?
;n‘\'voaloc.‘b\'bh

Cenvally speaking, an effPective Hheory (EFT ) is o theory
decived (ov derivable iu priuciple!) from a weve couplete
theory i ovder 'l:s:s“wlb some physical sda-sﬁs'\'m, Pousing

ouly ow the most relewnd physics.

The EFTs we will be unterested in are based ow Iue fct

+hat phystes ot a given energy sale can be studied

igroving physics ot much higher scales. for example, the size

of a hydrogen atom could be understood i texus of e eledron
mass, me , and +he electromagaehic coupliug strength, o, as

a, v @ » before knowing dmok Lhe nuclevs, a praton, is made

of quarks and Juons, thok alectrows aud guarks fe lne
clectroweak Pree by tdmrchaugiug Ws aud 2's o tt,

if s{ti«ﬁ -lheoﬂ.‘ iS righk, an electron is a tiny steiug ! At bw

enough E, it is an excellent approximation. 4o treat dhe proton as a
pout-ke charged particle ,and 5o on. Alomic physics does net care
about HBus short-distauce stchre, which cannot be probed withoot

vecovrse 4o much \-u’.s\'\nr u\e\-si,gs.
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T QFT we use EFT Lo.ﬁraua.:am.s, -&2‘3, +o describe fbﬁ.!ic.s
in Some Liwited energy range, below some LV cutolf scale A,

(b:‘?ica.“:s associated vith some heavy f“j’ics) :'3“”"“’3 short-distance
P\\jsics above N\ (or L& t]/N)). We can do that becavse the CF?ggts

of perticles heavier dhan A (4he LV pwysics) can always be captured
by local speratiors of 4he Light oofs cw tne EFT. This Rlows oHima-
Lely from the vncartoinly prnciple : heawy sdtermediote stakes wmust be
vir toal & short-lived & short-distance compared with typical A~vip »1/A.
The pacadigmatic exauple is Fevmils dheory of weak uderadhtous.

In L5 fermion corrents wuple Yo T quige. bosous oS :

;£cc:-%6“’w‘:+hc "['J
= -% A Z.(u..., Y"‘A + Y. \[""el..)wf. +hee. >‘W‘N

O-Isw éu
'ch = -eﬂ'e‘;..c\‘,.- ﬁ_ JQZ\-‘- 4>~w2
= o3 (Firta 5.. ae, ZRANGIR-0stYb 7 ¢

At Watzs “'oe .smo.\\ ““a P\'oautﬂ- W/% ('E«Mw'g) one can
describe physics with an ~£¢(z(~ Hhak does nst covteuin \xlrt or Ela- .

——p ~ 3'3“'
>--< low € >< v

SM nom-local k. 4-Fexrmiow local ;uteracthou.
This resvlts -Fom 4the low- mowmentom ex?ahSiou- of tha T«:Fn.aaéo\‘
' o~
W :.. ( ) QI\\“exa.d\' o oSa. rf:dl‘_t:
pem L swall corvection
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We see thal the strength of +he 4-Peviuion iferaction is
deterrmined l::, ‘v physies”. Hakiug Hhe FAC expansiow o
e 50 am.PLJ'aJL ms,...\.*.m ore gats

Lefp = J‘( %swm’- >(3'r:s_r_ * 394 Tzp) ®

\—“C::; 166 %1075 ceN 2

With this sample Lagravgian one can cowspite 242 fermion
Seadteringe o 44> decoys (Lke meutron or wuow decay). wxd.
Some remarks of more qenaral velevance
™ Wohar orders iw fhe (/2 expantion arrespoud to derivalive
eperaters i Lepp ~ (F4)5%HEY/ M . Deperding ow-the
precision needed one keeps waxe o less operodors fovs an
mBuwite series of tham.
™ Thal sedes converges euly fr F<M'. we cault ose Jafp
beyoud fhot scale, which asls as a ctoff o Lack of appiicabilihy
of fhe EAT. Beyjoud thad &ale we sheold vie o mere Rudomets)
Yreory that descbes dso ne new hyrics dofs abore N,
™ Low -€ netrinos idecack wilh medter ouly thogh (4). [No em
beractiouns as tuey are novtral 1. the amplidide for v seadtariug
00 Gp and a v Xsehow o, ~fo,|~ G2 (~ /M%), By dim.
analyts, a3 o~ (axea), D o, ~ Gns'(com WS‘\
So, 0,50 o low enaxgy e./r\‘sofrvess\.on
™ oy vielades vuifaxity fr SHM, Dboyoud Lmit of valididy of Legp.
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O?ex'ai'.or cdassiR cotion

To disewss foethar some ohher properhies o €FTs, ket vs ose a

siuple model with twe scdars, one gk $ and owt heary T with
L=j0PH L2y -Lubd- L ME-MEE )

This Lagrangian vepreseuts the wore foudamestal theory but

we waul to have a low-energy SFT Logmugian to desciboe.

processes with m &« € & M. Such oepp should deseribe e Lght

scalor only as dhe enexgy is Yoo low To produce the heasy one.

Tis gemric form is o series expansion in §N and F/A (wih A~M)

dexms with move s

dugp = L(9% - L yret- %?"«%[i—%n e %(a‘l’)z f +]

The key To-’a&h fr Bus to be vieRl is that, ot low enargy,
the diffevent Lagrougion texms can be dassifted ow order of
velevance and terms with Wgher and kigher powers of Por
axe less aund lasse wportant.
Move generally, defiuing the canonical scaling dimensions
[fl=4 [ml-2 [3]1:0 [en/N"]=[dn/R"]=-2n
the opcrabors are classified a3
rerevanT  [o]<y move bup. in IR (WEPT)
MARGINAL.  [O0]=U (2"
IRRELEVANT [0 >4 less éwp. in IR (c‘l"/:é)
We covld have guessed biis naively by no‘\:iuﬁ 4hot the
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streugth of a given interaction should be given by a
Aimensionless qoaa.»:l:.i""_-,. 4., the streugth of the qoartt‘b
¥ interaction it sek by Ine dimensiouless L covpling while- the
streugth of the ©° cannot be deterwined withovt specifijug
the energy scale of the crferimeu‘t £ . Then,the streugth

is seb by c(E/A). This should be familiar to vs frow. e
exassple of Hna gravitational iuteractton : Newtuls wustaid
has [GnT=-2 (remewber Gy =1/MY ,with Mg =l2x10"cav)
and therefore the streugth of growitational udteractious is
deterwined by Hhe vatio (E/Hp ) or (m/Mp) . T is very

small at the eleckroweak scale but decames very stouq <t
energies neax te Planck Swle .

The Soume axaome,u:(; applies in defermining e wupoamer of

a velevant pfcra:\:oc- Like wd®®: the dimensionkss vatio s

then (m/E)*. And thot's why mass terms downinake the
bu—a-o\is\:«w (\R) behowiovr of corvelohiow fuctious.

As we find Hhot 4he ePPect of crvelevauk eperodors s suppressed
by powers of Eexp/N, only if geot precisian is needed (or

in Special cases) one should wervy about Lhem. From the nodern
PoV, renormalizability just emecqes i the IR and thee is sithig
Pndarmental abeot it .



In‘\‘e«araiins oot and moatching
When, as iwthe e:ca.\a-k?\e-, we know dhe Swort-distance -L\u.m-j

(and we can vehy ow packorbadiow theory) we can derive dhe
effective treony frowe twe wore Pudawmental one @op-down
appreach) by reguiring thak both agee sn Hhair desorphiow
o e low-emergy physics. Tn order do do fais we wadeh
sesktering ampitvdes (of Ught parbicles) or, eguivalently,
LPT (4 Lgit- particle-icedvcibie) graghs i both, Heories .
£q in our evauple , Lefp shold ndude a ¥ uderastion

couming foorn B h::\'erc\'ma.ﬁe :

oM a-v>=<-’l \ 1 )/\ (*)

loved ‘{o give ¥ Wt the bw-€ todes 4
b«d by & UV.a-“\u:rS -t “3 ¢

The matching can be dore off-shell (provided gAfccl) as both
EFT and Pl theory shovld agree cowpletely in +the IR.
Mabching ot now-vero excterno} mowertone, in a. seres in pY/MH*,
imtroduces Wigher-ordes ops. invohing ¢ tvo.

The most stroightforward way of derdving dhe low-€ EFT
in a perturbative theory is by “idegakiug-out’ the
heavy physics using path . itegral metheds. The physiaal
cowtesk of a QFT (s emcoded iu its Qeld corvelakors. For the
low-€& EFT these will be correladors of Hhe Lignt Qe &
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owlin. T the RN theo these ave alvew by :
& Pl Fhees VT sk

<ol T $6).... (o) 0>= Sa6+85§ $4)--- bee) €
Terforwing the iutegral sver & (wdegmding it oot ) we
can vewrite the previcos posth Lu\'gﬁe-a.l as :

J84 de- dod e’ Sapl41/4

N

Saé C':S[A’)E:Vr\'

At tree -level, dhe iutegeal is dowinded b\.' dhe classical
selstion. 95/9% | 5.5y = ©

widh i sov Oca_;u.Pb [eads to the EoM:
FE + M &+ zaMd =0

e =M ?

Solved b Y
M=+ I+

Then  Sepl41 =S, 2] + otk)

Expandiug iw powers of /M- one obtalus the series

of opevators i the Lagramgion of the low-€ EFT.

Lepp= Jodrt 1 wiE+ ¢ +3 ra‘; F@©d) +...

So fax we have done. Huis makahing to veproduce with the
effective. bhreory tne 1R physics and it is douious that the LY
behawiovr is cousgletely afferesk. However, we axe m-\-zhc:ﬂ
QRFTs and we should be allowed 4o cousider loop corvectious in
our effective theory. Shoold we werry about hawiug the woug
UV behowiour 7 After al\, loops are sersihive +o large momeda



beqoud he effeckive theory cotteff and woreover, e Lol eory
includes haavy Paka (et i dho ePRechive M) Yot cos
also affect loop corvechious as victval studes eteiug, loops ...
Suppose we wauk to do M same wodthiug in (2) but now &
I-bop level of precision

]r I >.=(><+cxossec|+ums .
Do Fe W [ X

The M‘\:«:Jn.uﬁ foils : as loug as g is .S\ual\ua--\’ﬁﬂ-(ee?,‘\wj
rar{'i-cle. fra‘».%a:bars cas. be collapted to o fosut and both sdes
oF P M“'&\\Mﬁ o.oree. e 30N IR coukrcbotous. Bk Hthe

LV coutributious for large loop momeutom disagres (even
e LV dovergences differ). fowerer, tha key poiut is thadk
unknown LV physics can be wimicked by eal ops, so the
wissmakeh in (U) ean be sinaply fixed by adding o -loop
it to X bhe bree-lovel quarbic. Teshically, we. vemlobe
LV divs ow both sides using dimensional regularizedion ad
@ mass -iudependent verormalization schewme (dis poink s
crvecal 4o keep the power covudiing sumgple). This procaduve
does iwbroduce an scale, the renovmalizadion Scale p. Hhrough
logs ouly. Formaly the ampldvde motehing leks ke



s (B md, bog ) =2 H:"‘”&a"éi g 529, (5)
lbw-€ coupliugs % masses. WahE covplings & masses
To perform Yhis mokching it is conveniest to chosse = M
the heavy bhreshold scale, so thok makchiug corvecions ave
determined ot the boundary between EFTS (low-€ one amd
short-distance oue). This choice has the advartoge thak
potetially large corcechious from Hhe terms ~logMiAZ ow the
RHS of (5) are minimized while the loamz/‘;?' which are
of IR orlaih shoold oaucel bebween both sides. Matchiug enouh
amplitvdes we cauw get the vales of +he low- EFT pura-
mebers as deterwined by short-distamce physics ak p=r
m2 (p=M) = §a(3:5M)
2 (p=n) = S (ginf, M)
“this cauceladion of logs is more generel and oxves for all IR
non-aralyhc terms which come from loop iutegration in low $*
vegqious, where /Cptu) fromo:(:m—s qek s%«)\ax (for mo).
Qs bolh sides of ~\»\\e_ma:\-cku3 egns. howve the same IR beha-
viors, thote 1R sungular ferms caucal. As a cesolt, threshold

(é)

corvectons ke 5,,\-,_ and 53.‘. are analyfNe fruchous of
lbw-entrgy masses, a. vsef| check of EFT calecolations. T
particdar, Hhreshdd corvechous are “fuite” > they invole no logs.
Logs can always be understoed as cening from RE evolohiow



between "‘woSefara:b‘ mass scales. Bg, m®and Ay Lxed ot
(=¥, need o be evelved down to the energy seales of iderest,
soy Eemn . This will give logH7u> effects. EFTs are very
vsefol 4o understand theoretically the structire of such corvectious
and fo ovgarite mdiative corvechious in a form suitable for
resummations (of lasge logs) -

Ovne. does this matching ot the lovel of He Lagrausiosn, onee

and for all, 5o Ahat low-€ processes cau then be descibed by
Such ofaﬁ’ Ton other cates ont does net know Jdhe shoet- dis-
tance theory (or it is iupossible to derive pertorbrdively due
low-E effective theory, as i QDY) and the parameters iw Lpp
cannot be computed bit hase Yo be estvacted fom experiwest.
Rredictivity will not be lost becavse 4o a given ascoracy oy a
fuite nuwbers of terms need o be cousidered. Fn such cases,
Su‘mmc:\\'i.es axe al tupotant to restrict dhe Grw of the

fossi.\»(z texws e &ﬂ:‘
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Ingredieuts and vseRlness

Let us briefly svmmarize +he év.sred;«&s of an EFT :

1) Use only the televast dofis (eg vemote baauy AofP Hxe)
Tn Seme cases the dof iw We TFT are otally differest foom
those of +he Pl Heory, the mast famous exausple beiug QUD:
qarks aud gloous are e Pudamental dofs but Hhe low-£

descriphiow is iw terms of pious.

2) Tdertify Hhe sc\meivie-s (vsepvl 4o restrict Lpe)

3)Tdewlify the ower ceou."i«s dnad oram.‘.«.s-\’o\n.kleranhg off the
wfiuite sedes of operalors, coutrols dhe precisiow of the approx ima-
tious and sets dhe Liit of validily of Y 6FT. tgq. €=£/M
When one. knows the shert-distauce theory why would one go throughe
the trable of c‘ern'.vi.uj an EFT? Ju 3e,n.¢raJ o ae e.sc'lxe.mdj
vsefol hols. An incouplete List of veasous fe that Rlows :
FOne avoids wasbiug Lime caleskibing ncgligible offacts

(cg from Weany physics) by feusiug ew +he velevat physics.

TEFTs allow a better unelen-s"l'mw\(u.s of mulbi-scale problems
vsiug sample dimeusional analysis and making the safa:u&t'ou.

of hoxd fsoft effects much easier.

Tt can be siw.fhr 4o calcslate v the €FT (e:fc.c-:all-j when

dwe LV 'l"uorg 8 tvo CM‘al&uA'cJ o m-fe\-‘burba.‘bkle,\&ke QOD).
™ EFTs ave the wost notvcal way 4o resvm fb""&ul‘\:a.“ij
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lorge. logarithmic corvectious ~ (gtlog €M (which can
be loxge evew for gl if €M) in a systemadic way,
using venormaligstion group (26) 'l:zc‘-\w:.qoes. Note. thot
Ihe velevamk B-fuctions are those of the EFT, net thote
of the P -‘-\ULO!'S. Ex2.

o EFTs (Eroncated o some level of a.?\:rbximad;éow> misht
pesses accidewtal /wszu.t su[mmd:h'e: nst present in
the frudameutal -&heors :

© The EFT language is dhe nodurod laugioge o diswss
venormolization (as vnderstood frome a modern PoV)
os well as notvralness or findtoning cCssves.

Gven twis lou—s st of vertves it is not Sorprisiug o
fiud so wany EFTs \*“""‘3 wed to attack all sert of
?roblems + More or less familior exawples inclode HEET,
NRQCD, WRQED, Chiral £, SCET, (for o loug kst see e.g.T)
with their differeut symmeliies, dofs, expansion pacnadecs
for power OQUW"‘CM-ﬁ.. {-’vudamwinl Aheory from which -U\u»]
fllow and appropiate physicol sqstem to deserbe . Even Gensal
Relativity or tWe Staudard Vodel can be thaght of as
’°w’w"3‘j EFT d.Pfr-o‘xima.“',iouS of wore fudameutal
UV dheocies.

http://ocw.mit.edu/courses/physics/8-851-effective-field-theory-spring-2013/projects/
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oV o\..:,vexsms and Vmbrmo.li.la&iou.

Frout Hhe modexn polut of view LV divergewces awe not
mns\-o.rious at oll but just dve to cur ignovamee of Ine

UV physies (Ahal we probe when lutbing bop momeita. g0 4o
iwfiwiry). Tt is also wdoikively clear, by thiuking wn gesdvion
space, that swet-distouce, UV, efRecks cas be caphored by
local e?era.'\:ov-s . Renormalizotion just absorbs in relevout and
marginal cpexalocs the LV physics effects. We also vaderstond
heos vrormolitabity is pif an emargad property of @FTs indhe \R.
Let us see iu a bit more detail how radiahve arrvechous
uspact o low-E EFT. Toke the flowing wtecackou

Lagrasgean nchF > AP +¢ g" ¢ +...

At onn-—loo‘; we set corvectiongs Lke Mese <|<: T

g 2 ~ KAN P* 3wt v ik (Hhreshod)

~ w2Zlog A &% A renormalizes itself
ﬂ 08 ( ("’Q o~ KX‘)
g% ~ K‘s% LAY saw regt (.ﬂl:\wes\\o\c\)

b 2 venormallies
ﬂ ~ KC"%_3“|°3A ¢ sixtic (G’ca‘w\o‘c.g“)

%é ~ K c_‘:/%; l°8/\ (f‘ sixtee ae,mxn'b'es (?
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T have regulated divergent ictegrols usiug < esteff,
idewt:Pred with Yhe Stale thot suppresres the opernibrs, to
mimick an a Siuple way the efPect of heavy states ok A.
We wevld geb the same behowiovr workiug s dimeusional
reglovizotion (eg. gquadvodic divergeucas veappeax fum
Lhreshdd corvections ~Mim A*Y).

Besides the 'l'.:jfic.a.l contributious 1o b- Rowctiouws of the
pacomelers of the eriginal lagrasglon we fwd a
covbribotiow Bufor A dve to the fact Lhod w2@® is
a velevaul o‘aera;’\'.ar. This caw be c\ouﬁexous to waluoin
wt<e A" and (s ok the vest of Jhe Wiexoxrchy F:ob\em, See
below. On the other havd we see +thod even @ we stack
with o‘;e,ra‘.‘.\'o s not Wigher ton PP, -u\eﬂ wil be genexn-
ted radiatively angwoy (eg ®° as shown) ard Yo be
consisterd the ifwite towec of Hhum should be considerd) .
This was the reasow traditionally qiven agqaint non-
renormalizable field theories. We know better now:

if we work at some luel of precisiow, we case ignore
o.t?—\'aiovs of Almesiou \rwa\vx thon Jowe qiven aomber
ond work OOUSLS{'QVA‘\:S wthin such approseimadion.

We wentioned thot power-low corvechous ~ A" oxe proble-
wokic khepve,\\callﬂ However, they cam be renormalized auay
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to agree with expevivewdal doda. (pessibly hidiug some
naturalness problems). ow Hhe sther hand, log N divergences,
which affect almost all ops. give real prysieal effects and
are velated 4o Re efPects : they appear as bg(R/pe),
where i is Seme IR Scale . If owe couspares these corvec-
bioas ak two differevt IR Scales fripand pip, the difPerene
goes Like log (e /pie) which carmct be rencrmaliled
amary avd is o physical efPect, assoctated with Hhe romning
of covpliugs with stale aud cagtuced !m.‘ %Law\'bfrioie RE
eqoa:‘inws.

Sveh corvectious cam also be iferprefed as guasdum wodi-
focaious of +he Scaling dimausion of ops. For wstance,
a Y4-quark o pexodor caw qet remormalized by guous as

& agy o
Az(aa) >< + XE éAa«-L-Es-c.log%

Sepp = [-— =N (G0

\M/

By

So that the Suffre.s\.ou. of e o‘:z\—u:h:r LS sl .&( 2 gowers
of A but bz Z—% making P op. o LHle bit wore



tuportant tu the TR . Such efPects cam be importont
to cdetermine pecisely the vates of rave procusses, atthagh
for pectorbotive theories they will net chauge the nodure
of irrelevant ops. However, these guastom effects are
exveia) for Wa(x\a‘ ops, as -l-he-' @an dorn them udo rele-
vant ows (Like &t hoppens for ds which iucreases/decRaxs
e IR/OVY) or wdhe trvelevand eres (Like it happens
Pr Yern which decreases fincreoses i the IR/VV) due
to sueh guasttom “rowning'.
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Naturalness and -bam.ua_
We cousider the paramelers of a given theory , with

typical mass Sadle A 1o be natoral B X ~o (1), M~ O(N).
where A, axe dimewSionless cou?L'.waS and w; axe watees.
Coses with . 4L e m &N caxw skl be wotural
provided thee is a .sume:l'rj reasou ot explolns
thetr smallness. Typlealy the -U\eo\—n vecovers Jome Sym-—
wetey e the btk 450 o m > 0.

Tn the absence of such s:’mme,*n'.c.s one casa s\ arvange
R Sowme porticlar Gopling or wass to ba very guwall
tourpored do thaixr nourd valvey bit {w such cases vadia-
Live covvectious 1emd +o spotl such swoll values. (while iw
the gresente of Sme symmetry, vudiative covcechions
well vespect ot sﬂmmd\-j‘bo and e Swolless will be
?m'hc\'d) Tn fact we can estirmale whot ase the noduml
volves for difRevevk quasciities 55 lookiung at dne size
ex?e.c'\'ec( frorn adiative correchious to them. TP we bk
at the List of ona-lecp disgrauss above we Lrd Hrad
it would wot be natural Yo expect 4he {%\kw&s hiexasr-
chies = mPec kAN, A« kgat, g« wctqh,

whexe. we have normalized dhe 4% °p. a3 Cx%“Pg/l@ .
(Fn oddition, pertocbativily reguires S« lent ).



Symmetries

How about fermiow wasses '“{‘K‘f\z which axe alse velevaud
operators 7 Do we howe
_&_ ~ Am_r ~ kA ? ‘
This does not happen due o chivol symwmetry -5--93:“75}
(or 5,_-»8:“;}1 8o é'w;YR . "Chival” means L and R are Heated AL.)
which is a ?n‘mme."'xs of the fermiowic Legrouglon if
we seb mp=0 . Loop cervechious from such me=o Lagrau-
qlon t-es?ec't this s:.‘mme\'\'3 . Usiug the PN\ mp720 Lagaangion
any loop @vrechivn codibiting to me shoold be roporiional
+o Lthe &1mme‘kr3 breaking paxoseter, me thel, and one qéls
Drap ~ ke g’-loal\
af vaost. A huge difference wuipared with Ant el for
scalaxs. T this respect, therefore, formiow mase ops.
behave a3 warginal rodher than as relevasd ops.
Sqrnateies axe also imporlaut to determing what ops. appear
in Lepp o even what are the Lguk dogs (eg-Anvough Goldstouds
theoren.
Gavge. symwmetvies camnot be broken, only Widden , se ot L
priuciple the EFT iverits the gauge sywmetvies of e porent
Lneorey. The Sasne will happen wikh exact gobal smmetvies, Wuen
sy are only agproimode. (ie.broken by Soue ol terms in & )



His can hagpen in basically thwee diffevent forws, J:.‘,..\Aa-.s
on tha type of op. breakiug the Symmetry:

a) Soft brealeing (by relevauct ops.)

E.g- chiral sc‘mmdvs in QED, broken by ferudow wasses. The
breakiug becomes more Lnportand L dhe IR,

b) Hardl breaking (by smarginal ops.)

Like isespiw- tn @D, brokan by clectromagnetism. Tn gorernl,
twis breaking will extend radiotevely Yo all Kinds of other ops.
c) feeidertal breaking (by irrelevasdt operodors)

Lnlike “broken” gavge sqmumetnes, ¥ae sqmmetny i dais cate is
better at low-€ (a better name for such symmeday i “M?Ad" )
and is not o symmetyy of the short-distance & (eg. B,1 i SW)
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