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Overview

@ Diffractive DIS
o Rapidity gap events at HERA
@ Collinear factorization approach
@ kr-factorization approach : two exchanged gluons
o Confrontation of the two approaches with HERA data

e Diffractive production of jets : our approach
@ gq production
@ ggg production
@ Linear approximation : 2 and 3 exchanged gluons

© Conclusion
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Diffractive DIS

Rapidity gap events at HERA

Experiments at HERA : about 10% of scattering events reveal a rapidity gap
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Diffractive DIS

Rapidity gap events at HERA

Experiments at HERA : about 10% of events reveal a rapidity gap
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Diffractive DIS

Theoretical approaches for DDIS using pQCD

@ Collinear factorization approach
o Relies on QCD factorization theorem, using a hard scale such as the virtuality
Q? of the incoming photon
o One needs to introduce a diffractive distribution function for partons within a
pomeron
@ kt factorization approach for two exchanged gluons

o low-x QCD approach : s > Q> Agcp
o The pomeron is described as a two-gluon color-singlet state
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Theoretical approaches for DDIS using pQCD

Collinear factorization approach
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Theoretical approaches for DDIS using pQCD

kr-factorization approach : two gluon exchange

q—k+xpp

p—zrp
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oretical approaches for DDIS using pQCD

Confrontation of the two approaches with HERA data

According to experimentalists, it seems that the kr-factorization approach gives a
better description of diffractive events at HERA :
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Overview

e Diffractive production of jets : our approach
@ gq production
@ ggg production
@ Linear approximation : 2 and 3 exchanged gluons
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@ Regge limit : s> Q%> Agcp
@ Pomeron = Wilson lines

@ No approximation for the outgoing gluon
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Matrix element for EM current

Pq

qq production
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We introduce the Wilson lines :

+o00
U= Uz =U(Z,,n) = Pexp {ig/ b;(z’.*,f',-) dzﬂ

— 00

Then we project the result on the color singlet state, eliminate the non-interacting
term and get :

M = /dfldle-_(pq,pc—,,zo,fl,fg)a [tr(UlU;f—NC”
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After some algebra, we recover the well-known results :

F (pq, pa, k, 21, 25)" €10 = 9(P:7r)Q(P:';)W‘;iﬁq'i_iﬁa'Zﬂ2
X(=20)0xg,— 25 XqXq Q Ko <Q XquZu)

and
F(pq, pa, k, 7, 2»2)] erj = 0(p;) g(p;)We*iﬁq.aqﬁqiz

212 6\T )
X0xg,~xg (Xg — Xg + SAq) Q\/xaxaZi3 K1 | Q\/xaXaZ13
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As before :

oo 18 B () (20) 70 () € T £%]0)
= ()] <0|eif£(z)dz|0>

Projection on color singlet and substraction of non-interacting terms give :

2M° = /dzleQdE:iFl (Pa» Pa, Pg, 20, 21, 22, 73)" (tr(UlUJ)tr(UsUzT) — Ne tr(UleT))
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first kind

qgqgg production
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qgg production : first kind
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qgg production : first kind

Result for a longitudinal photon

FlL (an Pg; Pg> ka Z1, 22, Z3)
o 1P Fi—iBy 7P 2
+
T/ 2pg
Za-g) g
2
2

= Okt —pf —ps — pj)@(p;L —0)2Qg Ko(QZ123)

X 5)‘477_A6 {(Xﬁ + Xg(s_sgAq)Xq 7
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qgg production : first kind

Result for a transverse photon

By Fi—iBy 2 —iPs B

w2123/ 2p7

> o o . e
FlT (Pq,Pﬁ,Pg, k,Zl,Zz,Z3) = 2ng5(k+ - p; - p: - p;)e(p; - U)

X 0ng, -2 KL(QZ123) {— (& 'Egzig = ET)Xq (% = Gsxg) (Xg + Xg0-5.2,)
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ion : second kind
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qq production : second kind
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qqgg production : second kind

Result for a longitudinal photon

F . + i " . n L R
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qqgg production : second kind

Result for a transverse photon
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Linear approximation

Back to the general expression for the matrix element M :

2M° = /dfldfzdzzFl (P> Pas Pe> 20, 71, 25, 2)* (br(Us UJ) tr(Us U) = Ne (U U))

NZ—1

(o}

+/d21d22 F2 (pq,pa,pg,zo,fi,fz)a (tr(U1U2T) - NC)

For 2 or 3 gluon exchange, one can linearize this expression :

tr(Uy UD) tr(UsUD) — Netr(UyUS) = N2 (Usp 4 Ugs — Ugp + UspUss)
~ N?(Usx + U3 — Upp)
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Linear approximation

After linearization one gets :

(1%

MOC

/\ N =

/d21d22U12 F (Pg, Pg, Pg» 20, 71, 22)"
N2
C

)’E (pqquapg,20721722) }

Fl (qupqvpgaszl;ZZ /dZ3 N Fl (pqapcnpgaZOaZlaZ?nZZ)

+N§F1 (Pq,Pq,Pg,Zo,Z3,22,Z1) - Fl (Pq,P§»Pg720721722723) ]

= One has to integrate the previously derived expressions
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Linear approximation

No analytical expression for most of the integrals. BUT :

@ For null transverse momenta p,, pz and pg they can be performed

@ In any case, they can be reduced to convergent integrals over a real
parameter in [0,1] so a numerical calculation can be done.

For example :

/d23 e PeB 232 Ko (QZ123)

B 1 A (g7 }
= / dae” 7 < Pe Zozg Ki (Qg () Zagg) + xgxqZ21 Ko (Qg () Zqﬁg)>
0

(1 — xg)xg Qg (@)
2
/d23 isi Ko (QZ123) = u iz; (ZggK1 (RZ4q) — Z122 K1 (QZ122))
Xqu 21
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Overview

© Conclusion
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Conclusion

Further analysis from our results

@ A lot of phenomenology can be done from HERA data :

o From gg production to jet production
o |s our approach better than the 2-gluon approximation for H1 and ZEUS data?

@ The same calculation can be done again for massive quarks

@ The calculation of virtual correction for the cross section is still to be
performed
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Backup slides : Results in momentum space
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Results in momentum space

First kind, longitudinal photon

FlL (p47p‘77pg7207p17p27 ) 6( 7p;r 7p3> 7p;)5 (ﬁ1q+ﬁ2é+ﬁ3g)0(p;r 70-)
6)‘qa*)\q 4IQg(Xq + Xg5 SgAg ) ((qu 5g )Xq (ﬁlq gg*) (1 — Xa))
V2P (1 - x5) xgXq (Q + o Xq)) (Qg qu N pzq e )

Xg
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Results in momentum space

Second kind, longitudinal photon

For (Pa: P, Py, k; B1, P2) = 0(pg — 0)3(k™ — pg — pg — py )3(Biq + Poq — Ps)

« AigQ Brgrg 2 + 050X 2m Pa-% _ (g q).
2ps ” XgXg Q2 P Pg
xq(lfxq)
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Results in momentum space

First kind, transverse photon

g S e = = # (Pug + g ) O8] — g,
AT (qupaﬁpgyloyplwpbﬂe,) = \/ﬁ 7 5 e B {555g55>\q
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q
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Results in momentum space

Second kind, transverse photon

Org—2g

2ps

ﬁ2T (pQ7p¢77Pg7 k751752) = _H(P; - 0') 5(k+— p;;
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(5AT75 _ Xq) (S*Sgkqxg + X‘7) 2mi (ﬁlq i gT) Pg - é'g*
XgXg Xq (1= xq) Q>+ 51?7 ﬁg

x4g - (g q)

Renaud BOUSSARIE (LPT Orsay) Diffractive jet production GDR PH-QCD 32 /32



	Diffractive DIS
	Rapidity gap events at HERA
	Collinear factorization approach
	kT-factorization approach : two exchanged gluons
	Confrontation of the two approaches with HERA data

	Diffractive production of jets : our approach
	qbarq production
	qbarqg production
	Linear approximation : 2 and 3 exchanged gluons

	Conclusion

