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Introduction

A A A’ R
Examples of -
diffractive final § —
states: B B o

elastic _quasielastic  central exclusive  Pomeron sfr jet—gap—jet
A B=p,y’,... (single, double diff)

“Theoretical definition”:
vacuum quantum number exchange,

Pomeron
Only pieces of a theory. A useful guideline:

transverse momentum scale <> transverse distances (‘hard’, ‘soft’)

“Experimental definition™:
empty region, rapidity gap

In the following:

|) Pomeron in a‘hard’ environment
2) Pomeron in a ‘soft’ environment
3) Survival factor

In the final part: attempt to connect the two cases
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Perturbative vs. nonperturbative QCD: relevant scale is the transverse distance

time, longitudinal direction transverse plane

T(s,t) ~ is/deei‘T'gA(s,I;), t=—q*2

long extension along ]
. . . . 2 7
incoming direction Otor = —ImT(s,0) ~ /d bA(s,b)

.

long formation time

nonperturbative

R*(s) = R4+ R% +d'lns
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short distance - long distance:

static potential:

L AVAVAVAVAVAVAVAVAVAX
q string q

short distance:
coulomb potential

high energy scattering :
energy dependence of transverse picture

B A
- -~ N
gluon, tloud \
| o0
\ /
\ / b
N e

short distance: dipole-dipole: BFKL

no finite radius,
cloud grows with power of energy

V(r)

/

large distance:
linear potential, string tension

long distance: hadron-hadron: Pomeron

hadron size r, 5, Pomeron slope

cloud grows logarithmically with energy
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The situation at the LHC:

* hard processes provide environment for ‘hard’ Pomeron

* total cross section, elastic scattering probes small and large distances
* most processes lie in between; in particular:

* each final state has its own way to exhibit large distance effects

In the following:

|) Pomeron in a‘soft’ environment
2) Pomeron in a ‘hard’ environment
3) Survival factor

In the final part: attempt to connect the two cases
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Pomeron in a ‘Soft’ environment: pp elastic scattering

There exist different theoretical descriptions,

most of them based upon Regge theory (poles and cuts).

Only two examples:

|) Donnachie, Landshoff PL 2013

No hard Pomeron contribution.
Soft Pomeron parameters:

a,(0) —1=10.110, o, =0.165GeV ~*

3-gluons: dipsin dog/dt (odderon)

2 ) Tel Aviv (Gotsman, Levin, Maor)
Durham (Martin, Khoze, Ryskin)

Regge cuts, reggeon field theory
Pomeron couplings: from fit to data:

% % % + secondaries

P-pole P-cut  3-gluon

Example of enhanced and semi-enhanced diagram

1 4 4 4 2 T o
ay s ;:r"._»{ OL
> (Z._ ,:“> »> < « ",
v ‘e
S 4 3 S S s %
}

Different contributions to the Pomeron Green's function
a) examples of enhanced diagrams ;
(occur in the renormalisation of the Pomeron propagator)
b) examples of semi-enhanced diagrams
(occur in the renormalisation of the IP -p vertex )
Multi-Pomeron interactions are crucial for the production of LARGE MASS

DIFFRACTION
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Dips In dO'el/dt; from DL PL 2013

Jenkovszky’s talk
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Evidence for Odderon!?
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What is the ‘theory’ behind this:

Regge poles + Regge cuts with
phenomenological parameters

support for an ‘effective’ field theory
(field theory in 2+1| dimensions:
Pomeron with intercept one is a
massless particle!)

Monday, August 17, 15



Pomeron in a ‘hard’ environment: BFKL

Elastic Scattering Of tWo | Balitsky,Fadin,Kuraey, Lipatov 1975/76

small dipoles v’ v
Im T = sum over gluon production
" S
Important properties: |
: 4N_.1n 2
* srowth with energy: O~ SYEFRL R pK, = (g — O(ay)

* strong growth in transverse direction

A

- —
~
7~
N

gluon, tloud \
, CY
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More remarkable properties of the BFKL Pomeron:

|) unitarity: ImTy 0 = Z/dﬂn\T2—m|2
nonlinear equations n
bootstrap equation

5/

2) In LO: two-dimensional conformal invariance (Moebius invariance):
connection with N=4 SYM (=most symmetric gauge theory),
integrability, theory might be solvable

3) Beginning of a 2+ 1| dim field theory,
with reggeized gluons as d.o.f.

4) AdS/CFT, gravity;
electroweak Pomeron; unitarity problem
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How to test this calculation:

*x %k ..
v 7y collisions

in electron-positron scattering (LEP)

ok, not fully convincing

Mueller-Navelet jets

HERA, forward jets

ok

in pp-scattering (Tevatron, LHC)

YVYY

Y

(=

LHC, Mueller-Navelet

successes,
but need more data
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New formulation of BFKL (HERA): discrete Regge poles Kowalski, Ross, Lipatov

BFKL equation is often written as evolution equation
0 21,/ / /
where kernel has continuous eigenvalue spectrum.

Instead: boundary conditions at infrared plus asymptotic freedom Lipatov 1986
lead to discrete spectrum. Quasiclassical picture:

Eigenvalues and wave functions — In K, /A2 oo
are sensitive to changes at /
turning points in UV region v

Fit to HERA data.
Signal of new physics!?

Monday, August 17, 15



Summary so far:

|) Regge structure seen both in soft and hard environement,
2) parameters are different: Pomeron intercept.

Some systematics:

HERA forward jets .
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Small: strong-rise .
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Figure 6: The slope A.g of F5

as a function of Q? .

Even better:

diffractive vector production
at HERA

Levonian’s talkt
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Other diffractive processes: survival probability, MPI

Iy

cannot simply insert
Pomeron (hard or soft): S8 (sinle. double aiy S Sxelusive  Fomeren sl jetmgapet

In inelastic
diffractive processes:

MPI, survival factor
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Inclusive cross section vs.underlying event:

event structure in pp collisions:
Inclusive cross section number of chains grows with energy

remnant

partons (quarks, gluons)
+final state radiation
hadronization

remnant

Mostly based upon eikonal formula

Pictures have slightly different meaning:

event —— cross section involves summation
Cancellations (collinear factorization, AGK) Important consisteny check!
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Where is diffraction (rapidity gaps)?
DGLAP and diffraction:

> . S e—
g remnant
5 contains diffraction

remnant
contains diffraction
*

BUT: second, third... chain
may fill the gap, less diffraction

Sum over chains and all rescattering effects: (eikonal)
lowers the probability of rapidity gaps:

‘Survival probability’ as phenomenological factor, no theory
Could be modelled by Monte Carlos with MPI| and diffraction
(Regge cuts)
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In detail: in hard diffraction cannot simply add new contribution

vy YYY
e

vy YY Y
y Y Y VY

|
?'

gap

y
Y

]
N

Y v Y

Y v Y

7
)
Y v VY vy

required by AGK

As in soft diffraction:
additional chains fill the gap.

Leaves the eikonal approximation!
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First example: central exclusive production (CEP):

Topic of intense discussion

TS NLO calculation
semihard state Of hard SubprOCGSS?

v \ s eikonal enough?
00000 Sudakov

d 2
O'(pp — p+ X +p) ~< S2 > ®‘ / —ng(xlxlngaMQ)Mhardfg(xQx/QQ?7ﬂ2)|2
t

00Q0N0QA0000000 Q00 QO

Survival probability

Experimental aspects: clean signal, precise mass determination
Theoretical ingredients: parton densities, Sudakov factor, suppression rules
survival probability

Monday, August 17, 15



Diffractive parton densities, Pomeron SFR

= === H1 fit-2 —+ CDF data
HERA LHC ol e H1 fit-3 EFM2 5 7 Gev
100F - 75 Gev?) 0.035 < & < 0.095
i |t]<1.0 GeV?
Y
1L
- - = or — e oeoes
I I o N s PR | L L L s PRI
| | ; l 0.1 B 1
| | Z |
l | S '
| | = '
I I I
| | '
| | |
pL___5___1 I
— e _
i i i ‘ ival bability* S : simple fact
solid theoretical basis survival probability : simple tactor,

related to MPI, no theory,
good place to measure S
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Examples: Jet-gap-jet (hard color singlet exchange)

ﬁ YYYVYY

\
\
\
¥ fl

BFKL needs all conformal spins

doPP

= 5°® f(x1, Ey)

dlli'l d[EQ dEtQ

Survival factor S: (other chains, radiation?)
Modelled by Monte Carlo
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Summary of this part:

building blocks (hard and soft Pomeron),
rules for inelastic diffractive states

In the remaining part:
address the question whether one can find bridge between soft and hard

Pomeron
Collaboration with C.Contreras and G.PVacca,

arXiv:1411.6670 and in preparation

Monday, August 17, 15


http://arxiv.org/abs/arXiv:1411.6670
http://arxiv.org/abs/arXiv:1411.6670

Can we connect hard and soft diffraction: a novel attempt

soft, long distances hard, short distances
(pp-scattering) (virtual photons)
Regge pole with BFKL with intercept
a(0)=1+¢ €e~0.1 WBFKL, WBFKI ~ 0.3
A Reggeon field theory on both sides: computable

effective field theory in 2+1| dimensions
fields and parameters are different

£ = (3t — o'yt V2y) + V (1, v
S = /dedTﬁ(w, YT
V(@,9") = —papTep +2@w<w + )y

+ (W) + g YT + Y+

interpolate between RFT at small distances (pQCD: BFKL)
and RFT at large distances: field theory with change of scale

Renormalization group equation:
flow from pQCD (short dist.) to nonperturbative (confinement, large dist.)

special hope: can follow the flow and compare with data.
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The formalism: functional renormalization group

Reminder: Wilson approach

The standard Wilsonian action is defined by an iterative change in the UV-cutoff
induced by a partial integration of quantum fluctuations:

A=A <A
/ dip] e 571 = / AV e SVl k< A

Alternatively: FRG-approach (Wetterich) IR-cutoff

(successful use in statistical mechanics and in gravity)

define a bare theory at scale\ .

The integration of the modes in the interval|k, A] defines a k-dependent
average functional.

Letting k flowing down to 0 defines a flow for the functional
which leads to full theory. k-dependent effective action: regulator

e Trle] — /[d¢]uk6—5[w]+fw(so—¢>x%F—Ask[go—qs]
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Taking a derivative with respect the RG time t=log (k/k _0) one obtains

1
8trk — 5 1T'r

which is UV and IR finite

(e

1
Rk) O, R

fik

Mk

R = regulator operator

From this derive coupled differential equations for Green’s and vertex

functions.

Steps:

|) Start at the extreme long distance, high energy limit: £ — 0

can we define a theory!? Existence of a fixed point?

2) Try to interpolate from BFKL to this long distance theory.

This talk: only first step

- existence of fixed point

- approach to this fixed point
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Results:

|) Existence of fixed point:

polynomial expansion around zero fields, use sequence of truncations
(more and more couplings):

one robust fixpoint, good convergence

truncation 3 4 H 6 7 8 9 10 11 12
v 0.53 0.59 0.59 0.78 0.76 0.72 0.72 0.74 0.74 0.73

Compare with Monte Carlo result for Directed Percolation
(same universality class)

v =0.73
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Space of couplings:

g critical surface
A
— d , 4
= .
iy %
', _ 7T = one relevant direction
|

Y

=

Remember:
small k means large transverse distances (soft Pomeron),
large k means hard physics (BFKL region)

either: repulsive UV fixed point with one relevant direction.
Start at some value, get dragged towards the relevant direction away from
fixed point

or: attractive IR fixed point inside critical surface.
Start at value inside the critical surface and fall into the fixed point
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projection on 2-dimensional plane:

1.5

1.0

0.5+

0.0+

ST

\\\ Y YYYYYYUYY "y f

BN R
N\l TS
e HHTEH
NN
NNz "\
\ \\» —\\\\Mvjv ey
Nzl
2N \]////?:;\\\\\'"'“ e
N = =
RN\

arrows denote IR flow (cutoff to zero)

e Trivial fixed point: (IR unstable)

O Nontrivial fixed point
with one relevant direction:
same characteristics for all
truncations:
critical line (surface)




First glimpse at physics

Need to find out: on which trajectory is real physics!?
Look at physical physical observable: Pomeron intercept 1 = a(0) — 1:

So far: fixed point analysis was done in terms of dimensionless variables:
reggeon energy and momentum have different dimensions

5= [@aar (2gut070 - awI V) 4+ VIl ), W= = K22 )= BR2

~ 995

Hi Zk()é;ckQ

~ A

A =—3 b gD/2
Z; o k?

Evolution of physical (=dimensionful) parameters /i, A, ... looks quite different
from dimensionless ones g, Ak, ...
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critical surface

Q2

A
oy
— <« d
— At
)~ 4+ — — -~ =— one relevant direction
|

U

Physical parameters:
inside surface: #©=a(0) =1 =0, AriptePomron — 0
left to surface oo <O
right to surface (o, >0
Yery tentative |nte2rpretat|on: Could this be a candidate
infrared cutoff £ ~ 1/Ins )

for the real world?

At present energies: k still nonzero, a(0) > 1
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Conclusions

|) Overview of ‘pieces’ of theoretical description:

‘soft’ Pomeron
‘hard’ Pomeron
rescattering in inelastic diffraction

2) First steps in
finding a connection between hard and soft Pomeron
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Comments on BFKL-related activities for the LHC: .

|) NLO available: BFKL, jet vertex,

numerical analysis

2) Angular decorrelation as BFKL signal

....

Fig. 2: -— l— in a pp collider at V~'§=1.8 TeV using a LO (stars), NLO (squares) and resummed (triangles) BFKL

kernel. Plots are shown for Y = 3 (top) and Y = 5 (bottom).

Sabio Vera, Schwennsen;
Colferai et al.
Papa et al:

3) BFKL energy dependence: use different machine energies
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Vertex functions, Green’s functions, physical observables:
take functional derivatives w.r.t. the fields:

R

1
Ol = in;AB OtRi:BA

oI, (1) = _§Gk;ABF]<i)4130Gk;CD OtRi:pa
R 1
5tF;(€21)41A2 = §Gk ABF;(BA BCGk;CDF]({?;A2DEGk;EF OtRi.ra
1 (3) (3)

+5GraBl 4, 8o GraBL L A, B GlieD ORip A

2 1

1 (4)

_in;ABP]{;AlA BCGk :C'D 8tRk DA

coupled partial differential equations
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A bit more explicit:

nw=a(0)—1
rlf, o] = [ @odr (201050 - a'v! V20 + ViUt ul).
VT, o] = —pTep + i (0 + ) + g(0T9)? + g'oT (01 + ¢?)¢
+ixst? (0F + ) 92 + iy (w i w3) b+

After introducing a regulator:  all parameters become k-dependent

o vl = [ Eadr (25100 - 0! V) + 6 R + Vel o1 )

There is freedom in choosing a regulator, for example:

‘regulator mass’
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First step:

Expand the potential in powers of fields, derive beta-functions
for parameters of the potential (coupling constants):

Y D 3n 4)° g+ 3¢
A=A\ <(—2 +(+—+ —)+2NpAp(nk, Ck) <(1 )P + ((1 — W))) :

27T (16G+243")A% (9% +93")
- (—p | (1—p)p )
1224 (4G + 185" ) \2 355
- a-pF (- m?)

g=39(=2+ D+ (+2n) +2NpAp(nk, (k) (

g =3 (=24 D+ (+2n)+2NpAp(nk, (k) (

Fixed points: zeroes of the beta-functions
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Results: |) existence of fixed point

Local reggeon field theory: w=a0) -1
<
L= (3970y¢ — a'PTV) + V (3, 9T)

V(% W) — —/WW ‘ZZA@N (W Ll w)w some universal
i g(zDW)Q 1 gfwT(¢T T ¢2)¢ 1., symmetry properties

S h t . Gribov, Migdal; Abarbanel, Bronzan;
ome history. Migdal, Polyakov, Ter-Martirosyan

In early seventies : first studies of RFT with triple couplings,
expansion near D=4 ( _- expansion). |R-fixed point.

In 1980: J. Cardy and R. Sugar noticed that the RFT is in the same universality
class of a Markov process known as Directed Percolation (DP).
Critical exponents can then be accessed also with numerical montecarlo

computations.

This attempt:
search in the full space of theories, no restriction to D=4
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