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\y,., r<�\·ipw om r<'n•nt. d('S(Tiptio11 of high P1wrp;>· forward hadronic noss sPct ions awl in 
pc1rtknlar of pion sn1t t.Pring <lat a by l lH.'ans of B c·p;p;<> thPory. \\"•• obtain a pn•dictio11 
fm t lw t otal pp noss s<,l't.ion at LHC. In add i t  ion. and ("Ollt.rary to sntn<' sup;p;c•st ions in 
t lw li t.c•ratmv WP show that standard B qm<> lwhaYior can a<TOllllll<Hlat.(• lioth nrn;sinp; 
�y11 1.nwtr,\' aad facl.ori:;,at ion. Souw co11s<·q1wnc<'S for low C'll{'rg,\' iTiT scat l.Priuµ; lll'P 
briPfly discussc•d. 

1 Introduction 

A cm-rcct d< ,sr:ri p t.ion of Tf Tf  se<1.t. teri 11µ; at. high c1wrµ;i('H is  cnu:ial t.o achieve a vr'l",V precise' d is­

persive' <'valuat.iou of TfTf low m1crgy observables. Tl 1 is is of part.ic1 1lar iut.PI:<'st. t.o t.<>st. C h iral 
P(�rtnrbat.io11 Theory (CbPT ) .  cmd i n  partic11lar 1.hP valncs of t.he chiral pant11 1et.ern aw l of t.Jw 

clural co11cl< 'llsa.t.e. S i 1 1cP 7rTf sc:a.t. t.mi11g a.mplitudr's aw v<,ry cmu;t.rai11ed by a11aly tici t.y, disp<·rni vP 
a.pproad1es. 11s ing cla.t.a i 11 a ln rµ;i·r en<'rgy rnugc. can improve' t.11<' illforrna.l.ion frorn low c•1wrgy 

clat.a. alow•. wh ich ;tn• 1101. vPry rdiahk aml are .affoct.ed by large 8.YHtl'HHll.ks. 
A l. high CIH'l"gi< •s . L il<' formalism a.bk to dml w i th lrnclrnni<' C!'OSS scd. i<IIJS is  n.c,gge Lh<'ory. 

wl i i( '.h is a.� mnch part of QCD as Ch PT. It descrilH's arnplitudPs i 1 1  t.enns of He!J.'I" poles. which 
an· ('.O!llp l irat.Pd objects rda.tnd t.o t.h<' I. t·haiu1d exchange' nf n•sowmcf•s, l ik< � the rq�g<'ized fJ i 1 1  

t . IH' isospi1 1 l dmlt1 1cl .  or t.h<' l'mnernn wh(•!l no qna11t.um n11mbcrn ;-trP cxch;tngc•d . A l l  H.<•ggc pole� 
co1 1 t. r i b 1 1t.i01 1s < kcrea.�r· a.t largr' 8, <'X<'Ppt. t.lmt. of the l'mm,ron. so t. lrn t. :d i 7rTf tot.al cross sr•ct io11s. 
l <• 1 1d t .o a n H 11 n1011 vahw at. snlfici<'11 1 . ly high e1wrgi l•s (-:--. 20 GPV ) .  d(•1 wt.( ,c1 rr " . ( Po1 11l'rat 1ch11k 
Tlwor<'lll ) .  !J I  a.ddi L i m 1 .  f{pgg<• t. l l < 'ory. rda1.c's d i !fownt. pro("CSS('S tlrn11ks t.o faf'lorizo.lion. J . <' . : 

( 1 ) 
Let ns n'ral l t.hat. t.ol al noss S<'c l.ious an• n•lat.cd t.o [( l!'wanl scat.1.n i 1 1 g a11 1 p l i t. udl'S by: rr. 1 11 = 

47r" l 11 1 F \ 1 11 . , l t 11 (-'. 0) / >. 1 12 (s. m"1 , m.f1 ) . wit I i ,\ ( (/. .  b. c) = a? + // + r:'2 - 2ol> - 211c · - '2br. TII<' 
( -'/-� )"11 l l l  bd1avior dPpcuds < 11 1  1.lH' Heggl' pM<� H. wlwrcas tll<' f; (i.) fact.ors d<·pP11d on tlI<' 

part.icks i n  t.IH• initial st.al.<,, 11. is t.h<' 1 1  pussi l ,h• t.o obt.ai u Tf7f Hegg<' au1pl i t.ud1•s frrn 1 1  t hos<' of 
Tf,V and N N. Thl' (8 .  t )  appl icab i lity ra.JJg<� of th<' n<'ggp fornrnlism w i l l  h P  d i>;CllSS<'d 1 , cJow. hut. 

QCD SJH'c i ! i 1,s I ha.I. s > >  Af21.11 and s > > I i i .  

1 1 1  t.lw ( 'arly s1•v1' 1 1 t ic•s, wlwu only phas(• s h i ft  ;1 1 1 ;i lys is 1 1 p  t o  2 G1 •\ '  1 W<'l"<' avai l a l > l < ·  for TfTf 
s<« l t l.( • r i 1 1 g .  ;llJd qCD w;is not fnl l.\· d<'\"< ·lop<·• I .  i t  w;1.' ti n 1 1 1 < !  t. l 1a.t 1·<T t :1 i 11 nossiug s.\·rn1 1 1t'lry sn1 1 1  
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n i J<'S WC'! ' ! '  !IOI Satisfi<•d i o,c;C'ill< 'r W i t . Ji f'a«i ori z;1 i. io 1 1  '2 . W } J i ch .  ;ti i l lil i i i l l l < ' .  i t l l j i l i f ' c l  IT '- � [ ;J 1 1 Jl 1  
/'n 1 1 1 1  r. N  a.1 1 d /'i N  dal.a. ( ! 1 1 pr;1.1 · t . ic1'. ::x.. l lwa.!ls � :2 0  C : 1:\i .  si 1 1cl' alio\'<' l h ;i,t c 1 1 1 · q.;y ! 1 ; 1 d rn 1 1 i "  
noss s1 •dirn 1s grow. a s  w 1 :  wi l l  S('I' l i1:lnw ) .  Tl11 1s .  i i. w;1s s1 1gg1•s t l'd t. l 1 al. f'adoriY.:1.L irn1  c 1 i 1 i lcl I " '  
"l mdly hrok1• 1 1 ·· .  il J H l  t. hal. rT '· = Ii + ;;  ml i.  ::; 1. i l l .  t.lw sa1 1 1 1 •  a11 1.hnrR1 n•11 i:i.rkcd bin i. 1 1al rr ·" s l i ll l t ld  
' 1 1 :  ra.isrnl a.I. l 1•as l. t . o  8. : l  l t l l i .  a1 1 c l  1 ha.t. n•n•1 1 I  h igh c1 wrgy 11 u•as1m•1 1H: 1 1 t.s1 of l .01.:d r. r.  crnss s 1 • c l  inns 
fo1 1 1 1d rr�''. :c = l :l . G  ± :2 . :i ml i  a.L :;2 C1 ·V1 . l l 1 i h1 ·  h t.<• scv1•1tl .i1 •s otlwr ant hms°"' 1 1s<'d l lw 1 ·0111•1 '1 
vain. :  in i. l wi r analysis. h 1 1 I  wlH• 1 1  st'vcral oth1•r < 'XIH'rillH'll l s  i11 LIH• lat.<• Sf'VC'1Jl , i 1 :s nrn fi rn H •d 1 l i i s  
n:s 1 1 l t  . .  1 . I JI' i 11L<•n•st in l frgµp t.!tc1 iry a11d pion scatt.criug had a.l n •ady fadr•rl a.way. 

1 1 1  1n«·11 t. yea.rs. t hen: is a n:1wwf'd i nL<•n•s l . due l o  t.l 1c' impl icat. im1s for C h iral Pe>tt 1 1 r! J<ti iun 
' l' hc:ory, through the: precise d<'1.l'r11ti11at.io11 of I.he ltlCSO!l-llH'SIJ!l sca.t.t.1:riug lc:u1-!;t. hs. wh ich r< 'qlli n•s 
I .he I lse of d ispersive iut.11grn.ls.  U1 1awan: of 1.lw l a.� I. c :xpcri11w11t.s1, all t.hf's<' s l. ud i1•s i ; . ;-.x hav11 1 1s<'d 
a n:;11 ia.lysi�; of 1.lu: 7r1f R<•gµp dcsl'ri ptirn 1 w i t h  rr """ •..c G ± 3 1 11b. 

2 Regge description of hadronic total cross sections including r.r. scattering 

l<'or I.he pn•vious rc:asons we: havt1 rc:cc11t ly pn•sc11t.C'd !J a R1 •gg1·: fit. ablf' l.o df'scribc N N .  7f I. N .  
I< Jc N a w l  7f 7r  frn11 1 b'km :::: l G.:V 1 1 p  t o  abonl. :::: UiGc:V .  W1• n:fi1r t.hc • n•aders t.o" for ddai ls . N o lt: 
l.lii1t. I. h is ll<'W fit. using 7r7f data is  mmpatibit\ bnl. rn<.m: prf'cisc than ;i s i llli la.r param<'l.riz;1.1 . im11 0 .  
obt.aim•rl from fact.oriza.t.iou bd'orc w e  rndiscovPred t.lw exis t.iug high crwrgy clal.n. l u  Fig. la.  W<' 
show onr fit. i.o H+ IV a.ud (pp + p11)/2 ruul ( f<+z; + 1\ -p)/2 cross Hcctio11s, (thcsP co111hi11at.io11s 
liasicall y  nuly dqwncl 011 t.lw Ponwro11 am! t.lw p) . H11n• we nsc a very simple paramd.rizat.iou of 
the Po111m·on with rl'1 • (0) = 1 ,  a.It.hough it is wel l known t.lmt h aclronic 1 :ross s.:d.ious grow a.t. l arg1· 
8. N r:VC'rth1•lcss. as showu i n  F ig. lb,  w i t h  a sl ight moclilicat.io11 of t he Powcron cltannd, f,o i11cl 11dc 
a soft. logarithm. I.he lmdrouic: forward cross s(:rt. ious ;m: c!cscrihcd u p  t.o i.lw rn11 l t. i-T1:V n ·µ;io1 1 . 
W1• pn•dict., for i11stn.1 1cc�, t:Jtp tot.al 1'1' crrn;s scc:t. io11 at. Ll!C to he rT;,';/ ( 1 -l ) 'f<•V = 1 08 J: '! ± ·1 rnh, 
in remark th It :  agre<' 11H:111. with t.h1• 1110:-;I. recent. Rcggc ;t11alysis 1 1 :  1 1 1 . G ± 1 .24 l : : .  Not < '  also I.hat.. 
;Lt. low cm�rgies, Fig . I b overlaps w i t h  Fig. la. 
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Fig 1 1n• l :  a )  Ou t }w lt1ft. pa11c>1 \\"(' show t h<' rPsults of mir HP; .. q.!,P fit to diff<'r< 'l lt  b i 1dnn1 ic ( ross S<1t«�)1 1n� .. wi t h  <1 
�i111 ph1 l101w•ro11 para111f 'lrizat i011 n l' (O) .:;.: I .  valid np to L·:1, , 1 1 :::::::. l G CP\. aw l ;1s.·rnming fact rn 1 1.j \ ! io1 1 .  1 1 )  .. \ddiHg 

;1  log;iri rluui<' t Prm lo t he• l 'nutc•rnn ! .h11  dC'scriptiou C 'all \ 1 < '  Pil!-iih c•x1t'lld(•cl 1 1p  to t h t> u 1 1 1 l t 1  Tr·\ · rrl l l .l!,('. 
Jlow<:wr. t he rais<' in l iadrrn 1 ic  forward crnss s1•ctious is Jlf'gligihl\' 1 1 ] >  l.u '.20 C 1 • V .  n 1 1d 1s  

irrPlcvmit. fm t. 1 11: i 1 1 1.<:grals nsPd i l l  1 1H•so11-1 1H'son dispc:rsiw approadws. H1• 11c1>, i t. is s 1 1 f!il'i<'11f. 
l;p us" tlw sii11pk•s1 Pmw:ron pa.ra11w1 ri;mtio11 of Fig la. ass 1u11 i11i; I hat. fo.doriz;1.I ion is a.lso 

valid for 7f7r sca.f.t.<'ri ng to obtai11 i.lw res n l t.s i 1 1  Figs . 2 . rcpn'sc•n l.ccl as sol id l i 1ws. Tlil '  thin gray 
hm1ds aro1111d t.!1<-•111 1 ·.orr<'spo11d I.< >  our PJTor liars. I.Ve find a n• 1 1 1arkal i l 1 ·  ;i.gn•1 • 1 1 J C · 1 1 I. wit. I t  the 
111c:as 11r<'d r.rr noss sect.ions aliov<' 2 (�<'V . 131•!.\l'f'<'ll l .  l awl 2 (;,.v d i l kr<'111 s1•t.s of d a t.a an•  

in conflict. 1 10(.f' hmwv<:r t hat our l'<'ii ll l t. foi ls I H•f 11;1•1•n t.! 1t•  diff1 ·n· 1 it sds and t.lial t . lwv 1 1 1 a l cl 1  
lh<• pui 1 1t s a l  I .  l2 (;('\' f'rorn p h;lM' s h i ft ;1n;i lys is ( 1  ht ·  s l ; 1 rs nr 1111 '  dllt l c ·d l i 1 1 < •s ) .  F i 1 1 : d h'. ""' 
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l i ud I.hat. a l l  rr rr  ;1.1 1 1p l i t. 1 1<ks !lat l.l'l l ;1.r1 1 1 1 1 H I  21 l (;p\' awl fal l  w i t. h i 1 1  o . ;, 1 u ] ,  uf ;1 . 11 ; i v1 ·ra.g!' val ue 
rr�';� (20C:eV)  .c· t :l . · l  :le O.U rnh.  This \'a.1 111' is tot.al l .1· dowi1 1at.1•d by t l w ! '01 1 11 •rou and .  ;1.ss 1 1 1 1 1 iHg 
f';l('Lor iz:ti . iou.  is  i 1 1  Vl'l'Y good a.µ,n'('llll'lll .  wit.Ii l ]H, H l ·µ,µ,c• paralUC't.<'l ' izat . iou 12  I .hat. w i l l  ; 1p ]H'<t r  in  
t lw l \ c , v ic ·w or l'a.rl iclf' P ru[H'r l. il'S 200 l i : i .  � 1 2. :1 ± o.:l 1 t1 li .  For ('OJl!j lill' iso1 1  \\'(' show. i \S da.sl t1 ·d 

l i 1 1 1 ,s. t. l i c  n•s1i l l.s 1 1s inµ, t . ]a,  par;u11!'1 . l ' l 'izal. io11s i u  n w i t.Ii t. lwir 1 1 ncl'r1 a i u t.ics ( liµ,hl. µ;rny hands ) .  
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Fig in<' 2: rrn rr ;r - Ti·� and 7r 1 rr · t.otal cross spcl ious und data ·1 .ThP :--olicl li1ws <·orrl·�puud t o  our H PgJ;<• fit 
assu m ing fact orizatiu11. ThP daslwd <'orrc·�prnul l inf's to t iu• para1nc�t rizatio11 ° most frroq1H111t.I�· HSf'd in rPc<'llt 

disp«rsi\'(' slnrlit-s or rm sca t tPritlf\. Thi' f\nl.\' ba1tds C<J\'t'r the UHCC'rt.aintiC's or t'i>Ch para1o(' tr izn t ion . Tlw !'\' 
point:, lnffc' hPt'n ohtaiuPd 10 from parmuC'tPrizali011s of plias<' :-;hifl <111al�·!'-lis. 

3 1rn scattering and crossing sun1 rules 

\\'c havl' also du•ck<•d t.!Jat onr H q!;µ;< � c!P::;cript. im1  of 7T7T is co11sist.l'llt. wi t.it c·rnssiHµ; sum rnlC's. 1 1 1  
parl. ic 1 1 la.r. o u r  param<'t ri:1,a.l. io11  w i t. l 1 0 1 1 t  f i t. t ing �' .  satisfies t.IH� following two crossing s 1 1 n 1  r11ll's: 

wlwn� F' mca11s iJF/i)rn.,O. 0 being t. l l C '  scatl<'r inµ, a.11µ;!c'. 
For t lws<'  c:alculat. io11s we !IC�Pd t. l w  t dC'p1•m.!<� 1 1C:l' of the• Hegg<' <'xprPssio11s,  o i > t a i lll'cl from 

!it.s t o  t h<• slopPs of c l i fforcut.ial cross s<'f'l .ions ( sc•(• 'J for det.aih!cl Pxpr<'ssions ) .  Th<'sc fits an• uol. 
1 1 niq1w i l l  t lw l i t.<'rn.t. 1 1n' .  h1 1t  fort.1rn:1.l l • ly t . l t r•y a.grPf' u1 1 1n<'rical ly  for smal l valnPs of / .  For t h" 

low I Wt' :m' i ut < ·n·;;ti-d in .  JftT = 0.28 G<' V .  om f l H'!rnvim l ir-s on t it<' sak sid1• 1 1 . 
Bol lt S l l l ll rn h ·s a n •  wdl >mtisfiPd ' '  wi t. I t  t . lw n'<'l' t t l . aud 1 1 1 0s!  pn'cis1 ·  Hq�µ;1• par:u1 1 l ' l.1•rs 

o l i l < t i t l l 'd !'mm t l 1<• l i t s  i 1 1  I l ic  pn•vio11s sc•ct.iu1 1 .  TIH' first ottc' i s  do11 1 i 1 1 < 1 l 1 ·d l ,y t lH' 1'01 1 tc •ro11 .  ; 1 . 1 1d 
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( ' i l l !  lw l lS<'d l.o ( ' ( l l I S I  l'il i l l  f ] H ,  poorly known I �' 2 n . ·µ;µp 1•xcl ia.11µ;e. Tlw SC'Cot td  ( J l l(' is clo1 1 t i 1 1 a t • ·d 

; i t. l t iµ;lt <' JH'l'fi.Y l iy t.lt<' f! ; i.11d al low <'I H't'!-';.Y hy t h< •  ! ' wave. t ltP l H�s t. know u .  l u  t. ! t is way < > I I<' < ·a 1 1  
l i x  wit . I t  <'V<'JI µ;n•; 1 t <'J' pn•cisio11  t !H·  H <'fifi<' I' parn t1H' l < 'l'S. nsl'd t.o oh t. ;1in Fi ,Q; .2 .  

T lw old 1Jt is1n al.dws i n  t l tes" s1 1 1 1 t  rnl•·s W<'l'C' d 1 1<: l o  t.l tc•. i ts•· of t.lw C:J.;H N- l\ I i micli p l msc sh ift  
1 1 1 1 idysis 1 frorn .;.:; = 1 . l2 G <·V up to  2 Gc•V. Tlicv have he<! n•pn•s<'U l.c•d by a do t t l 'd l i 1w  in  
Fiµ; .2 .  wltc•n· Wl ' ('.i\ 1 1  Sl'(' t ba t.  t lH\V lll'l' i aco111 pa.t .ihlc•  w it. I t  1 \ ll'itS11 l'l'l ll\'ll\.S or t.ot;i l  ('\'()SS S(' ( ' \ , ions. 

T lwsc daJa arl' ; ilso in confl i c t. w i t h  m a ny oth<�l' • ·011sidPrnf.iow; :1 . I G  

4 Relevance for rrrr scattering at low energies 

lu a rcc<'nf. pa.p<'L w<' poiut.cd out. that. th(' Jrrr par<tlll<'f.crizat.ious µ;iVl'll in ' .  do not. satisfy t.IH� 

Olsson s 1 1 111 rull' hy 2.5 sl.audard clcvia.t. io11s and f. lw aoo a11d no+ Froissart. Gr ihov d isp••rs i vl' 

n!prcs<'tll;at.ious l Jy ;t\ioul. ·J to 5 sl:i1w lard dcvia.t.ious. OthPr d ispersive n.1 1alys is K do not. l mvc 
these con fl icts l iecause t.lwir <'nor ba.n; an' aho11 t. a. fo.<'.t.or of thn·n litrgc'r t:h;w t:bosc• i11 7 .  l l l  1 ,-, i t.  
was ;u·gw·d t.! 1a. I. this wa.s due L o  a faulty R<�ggn n•prcs('ltf.a.t . ion t.hat. violnt.c<l . .. rossi11g. As  showll 
lwrP, 011r wcc•11t. n•s1 1 l t.s �J show t. lmt. t.h is  is 110!. t.lw c:a.s(�. since our Hq.;µ;c l'onll;tlisrn dnsc:ri l ies 

dat.a arnl satisfi<�s crossing smu mks. Tlw d isc:wpancy re111a.i11s. 
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