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Basic and combined

diffractive processes

acronym basic diffractive processes

SD,  pp—p+egap+[p — Xpl, @ se»
SD,  pp—[p— Xp|+eap+p, G
DD pp — [p— Xp| + gap + [p — X,

DPE  pp — p+gap + X + gap + p.

2-gap combinations of SD and DD
SDD; pp — p+gap + Xc +gap + [p — X,
SDD, pp — [p — Xp|gap + Xc + gap + p.

A__/
.
O

4-gap diffractive process-Snowmass 2001- http://arxiv.org/pdf/hep-ph/0110240

Am Anj Ana Anp An3 Anj Ana
Uil 72 0F 713 "3
t1 [5) t3 ta
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http://arxiv.org/pdf/hep-ph/0110240

Regge theory — values of S, & gopp?

KG-PLB 358, 379 (1995) a(t)=a(0)+a't a(0)=1+¢
a(0)—1
or = £1(0)2(0) (f;) = ot (i@ (1)

RO Bt)

p— o - p— o
t=0 t Wa(r)—1
b — . B— o doa _ Bi(1) B5(1) s Lt =1l t
B(©) B@) dt - 1677 o

SINGLE DIFFRACTION DISSOCIATION

Bt) .~ . B®)

Fi(t) = et = Bo(s) = b(},é{-l- 2¢' In (Si)

0

(3)
Parameters:
d sy, S and g(t) BHD 1 zmct AR
O setsy =sy(universal IP) "~ 16w ¢ ’62(0)3(’)"'.(3{;)
d determine s, and —how? 5

o e = fepp(&,0) 077 (s, 1) 4 (4)
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A complication ... = Unitarity!

do s\ ¢ s\ 5 %
el ~[—) .o~ [—) . and oeg ~ |—
d?t t—0 So S0 S0

d o4 grows faster than c, as s increases *

=» unitarity violation at high s
(similarly for partial x-sections in impact parameter space)
Q the unitarity limit is already reached at Vs ~ 2 TeV !

1 need unitarization

* similarly for (do,/dt),-, W..t. o;, but this is handled differently in RENORM
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FACTORIZATION BREAKING IN
SOFT DIFFRACTION

=>diffractive x-section suppressed relative

to Regge prediction as Vs increases

Total Single Diffraction Cross Section (mb)

—
=]

1

< 0.05

-

E710 -~
Cool et al./,f’

y Renormalized flux

X @+ OBRuw

1800 GeV

m oo

see KG, PLB 358, 379 (1995)

Albrow et al. Q@ s
Armitage et al. Q N
e Standard flux
A4 Q";
COF A

Factor of ~8 (~5)

== suppression at
Vs = 1800 (540) GeV

<€—— RENORMALIZATION

t

Interpret flux as gap
formation probability
that saturates when it
reaches unity

10

100 1000

Vs (GeV)

10000
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Single diffraction renormalized - 1

KG = CORFU-2001: http://arxiv.org/abs/hep-ph/0203141

t | | é Ay Ay’

2 independent variables: T, Ay

d? ,
O —CoF7 (- (e x|
dt dAy > . )
gap probability subenergy x-section
T

Gap probability =» (re)normalize to unity
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Single diffraction renormalized - 2

K= g IP—IP-IP (t) ~ 017
ﬂlP—p—p(O)

Experimentally: = JEPlP 0174002, ¢=0.104

IP-p

KG&JIM, PRD 59 (114017) 1999

2
1 1 Q°=1 1 1 @
k=T x +f x >~ 0.75x=+0.25x ==
QD P N;-1 "N 8 3 ‘

C C
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Single diffraction renormalized - 3

dgasd(s:ﬂf?:t) _ { oo JEPP} 42 bt
AM=dt 160 ° 1 N(s,s0) (M2)'7°

S
h = b[] + 2(]:—"' In SSMG _ (37:]: 15) GeVQ

M?=

°In s

Emax — 00 o S
N (s, 50) = /ﬁ &6 [t fpp(et) =
t=0

min

d?ogq(s, M2, 1) «— oo 1 e bt
= o~ 111 S
dM?2dt V2) e .
i (M) set to unity
5> Ins =» determines s,
O >~ —> const
b—Ins
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M2 distribution; data

= do/dM?|,_ ;o5 ~ independent of s over 6 orders of magnitude!

KG&JM, PRD 59 (1999) 114017

—~ 10
|> M\ std. and renorm. @ 14 GeV (0.01 <E<0.03)
Regge data S gL flux fits (120 GeV (0.01 <&<0.03)
-g A 546 GeV (0.005 <& <0.03)
5 N 1 O 1800 GeV (0.003 <& <0.03)
€ 8 10
d I\/I 2 I\/I 2 l +e % 10 2 A=0.05 546 GeV sid
( ) o N, flux predictisun'
:S‘ 10> N, ™ 1800 GeV std.
Independent of S over 6 © Ry e
orders of maghitude in M2 10 predicton
= M2 scaling " X
0 B
R 10 102 100 10° 100 10°

M? (GeVv?)

=> factorization breaks down to ensure M? scaling
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Scale s, and PPP coupling

Pomeron flux: interpret as gap probability
=>»set to unity: determines gppp and s, KG, PLB 358 (1995) 379

ls?
— fIP/p (t,€) Oipip (S€)

| f S;glz - Oppp (1)

Pomeron-proton x-section

d Two free parameters: s, and gppp
[ Obtain product gpppeS.2/? from ogp

d Renormalized Pomeron flux determines s,
d Get unique solution for gppp
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Total Single Diffraction Cross Section (mb)

100

-
(=]

Saturation at low Q<4 and small-x

X @+ O MBur

< 0.05

Albrow et al.
Armitage et al.
LAd

CLCF

E710

Cool et al.}/’

Renormalized flux
f 1

1000 100
Vs (GeV)

Y =1In1/x%}

Saturation
InQAY)=AY

Dilute system

BFKL

DGLAP

In A n Q?

QcD

figure from a talk by Edmond lancu
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DD at CDF

dN d*opp B d*osp d*osp / do,,
_dn didMPdM? — didM? didM? | di
P N min Nmax " ,
0 ' : - _ [xB10)B0)F sl
< 2,5 < 2, - 2 2
M, In M ns In M 1677 (MiM3)1+2€
d}opp _ KBZ(D) e2a()—11A7 KBZ(U) i ‘
% s=1800 GeV dtd Andn. 167 50
B4n5 « DATA gap probability X-section
10 DD + non-DD MC o —
""" non-DD MC ) 102} o UAS5 (adjusted) .
4 5 [—Regge ]
10 E 5 [ - Renormalized gap
L = i
ol = £ renormalized
10 ¢ L£10 |
10 2— ______ f * T
1 r e
10 £
0HH1IHI2HH3HH4HH5|0H|6H I? L C Co
AN =n, -1, 10 10 10
N =Nmax Nmin s (GeV)
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SDD at CDF

Vs=1800 GeV

= Excellent agreement

between data and MBR
(MinBiasRockefeller) MC

e DATA
—SDD + SD MC

_______

1 2 3 4_5 6 7

&nexp=nmax'n min

dfﬁdm;;;anm [f}l elalip)= l]lntlf‘quii| [ [% [ (1) = IJM} [B (0)( )H
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CD/DPE at CDF

~ 10%
o
Il
g
4 4
= 10
8
E 3
: -
E 10 7
w
= Excellent agreement I
2 E
between data and MBR % 107
=> low and high masses are || 2
correctly implemented 10 L ;
10° 10° 107 10% 107 107 9
S
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Difractive x-sections

(1) 2la(t)~1]Ay

[ 1(3%(0) 2a(t)—1]Ay

1 s\
- k340) (—) >
\ S0 /
"\ ¢
E?Q[f:r(tz)l]&ya-” - {532(0) () }
S0

d*csp B 1
dtdAy — Ngap(s)

d*cpp 1
dtdAydyy — Nyap(s)

d*oppp 1
dtydtsdAydy. — Nyp(s)

5 4?’??; — 2.8t

Ft) = 4mz —t

1 L

4 q,r €
- 3 f%:;'SQ(O) () >
\ S0 /

~ a1t + age?!

a,=0.9, a,=0.1, b;=4.6 GeV?, b,=0.6 GeV?, s'=s e, k=0.17,
kB?(0)=c,, S;=1 GeV?, 6,=2.82 mb or 7.25 GeV~?
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Total, elastic, and inelastic x-sections

onp = (Otor — 0e1) — (205p + opp + 0cp)

CMG |R. J. M. Covolan, K. Goulianos, J. Montanha, Phys. Lett. B 389, 176 (1996)

16.795%194 12 60.8157932 £ 31.68s7"*  for /s < 1.8
— 2 2
Tt oUDE 4 % [(ln é) — (ln SZEF) ] for /s > 1.8

KG Moriond 2011, arXiv:1105.1916
VsOPF = 1.8 TeV, oPF = 80.034+£2.24 mb
\N/SF = 22 GeV S50 = 37 — 15 GeV2

Gelpip :Gtotx(GeI/Gtot), W|th Gel/GToT from CMG
small extrapol. from 1.8 to 7 and up to 50 TeV )
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Diffractive and Total

Weos[loo g

e Use the Froissart formula as a saturated cross section

m2

ot(s > sp) = o(sp) +

?T 2 s
SF

100

g < 0.05

Albrow et al.

Armitage et al.

a4 /.—"
CDF

E710 .
Cooletal. "

7 Renormalized  flux
/l’
-
,/
/p‘
-
e

fSF:ZZ GeV

1 L s PR | L L vl s PRI T A A
10 100 1000 10000
Vs (GeV)

a
-
-
-

- ™ Standard  flux

*x -8+ OO0

=
=
T

Total Single Diffraction Cross Section (mb)

e This formula should be valid above the knee in o4q vs. /s at /sp = 22 GeV (Fig. 1) and

therefore valid at /s = 1800 GeV.

e Use m? = s, in the Froissart formula multiplied by 1/0.389 to convert it to mh™—1.

e Note that contributions from Reggeon exchanges at /s = 1800 GeV are negligible, as can

be verified from the global fit of Ref. [7].

e Obtain the total cross section at the LHC:

gPHC — GCDF | T ()2 SHE $OPF 98 + 8 mbat 7 TeV | Main error
‘ ‘ So Sp SP 109 +12 mb at 14 TeV | from s,
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Reduce the uncertainty Iin s,

Saturation glueball?

Fxclusive n'n”

F Giant gll.;—hall with ,(980) and f;(1 EIII}. 7] —|
[ superimposed, interfering destructively and |
I | manifesting as dips (?77) |
L\ Qe s et
&2 ) _ s~
g E O agrees with RENORM s_=3.7
5 d Error in s, can be reduced by

factor ~4 from a fit to these data!
=» reduces error in c..

Hos |
T : ' il .Jl__
. . £ . 3.5 4,
M{mm) GaV

Figure & Me—- spectrun in DIPE an the ISR {Axial Field Spectrometer, R8OT (97, 98], Figure
rom Rel, 98], See M.G.Albrow, T.D. Goughlin, J.R. Forshaw, hep-ph>arXiv:1006.1289

MIAMT 2010, Novl4 -19  Diffraction, saturation, and pp cross sections at the LHC and beyond K Goulianos 2
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TOTEM vs PYTHIA8-MBR

Ttot (red), Cinel (blue) and g (green)
- pp (PDG) + ALICE 1
s 2 pp (FDG) « TOTEM i
g 110 Auger + Glauber _ =
S 00| <+ ATLAS — best COMPETE ¢y, fits .
€ | ¢ cMS - —-114-152In5+0.130In%s Pid b
80 I A : ]
~ § RENORM |/V/ ﬁ MBR: 71.1#5mb -
70 - e .
0 - 4o- \? superball > £1.2mb |
o - - |- _
>0 :._“ VT S _o- 7T Cinel -]
[~ Dm0 -
30 i . |
I ) Y e
20 - Gl 4 ---7 .
1008, . . o — i — -7 n
O I— 1 | | 1 1111 | 1 | | | 1111 I | 1 | | 1111 | 1 | | | 111 I_
10! 10? 10° 104 10°

Vs (GeV)
o, TV=72.9+1.5 mb o, 2 TeV=T74.7+1.7 mb
TOTEM, G. Latino talk at MPI@LHC, CERN 2012
RENORM: 71.1+1.2 mb RENORM: 72.3+1.2 mb
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CMS data best described by PYTHIA8-MBR
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a

X
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=55 5 2 2 3 -15.‘
0%
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Central yellow-filled box is the data region (see left figure)
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p; distr’s of MCs vs Pythia8 tuned to MBR

O Low 5.5<MX<10 GeV

178 < M, < 316 GeV

O PYTHIA8-MBR

O Med. 32<MX<56 GeV [/ | /N O PYTHIAS-4C
0 High 176<MX<316 GeV =~ """ 'wiwh "HHTH Liah THEEY Lidh ) pYTHIA8-D6C
e O PHOJET
R T %.z i %_12 T d QGSJET-II-03(LHC)
= = = 0 QGSJET-04(LHC)
O CONCLUSION o O EPOS-LHC
O PYTHIAS-MBR agrees /.| ?ﬂ&f Y-
best with reference - : = .
model and can be o
trusted to be used in ooy ?:\NM M
extrapolating to the o
unmeasured regions. ?\ 7N
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Charged mult’'s vs MC model — 3 mass regions

Pythia8 parameters tuned to reproduce
multiplicities of modified gamma distribution

T |

DIFFRACTIVE DATA“
<n>/D=2.2

Loy oty owaal

N

3

"

(=

o

1O =

A F ]

o I 7]

v 4
o w-p 100 Gev/c )
e w-p 200 GeV/ic N
® pp 200 GeV/e
1 | | | |

Q | 2 3

2= n/sf<nz
Fig. 1. The diffractive data of ref. [3] fitted with the modified
gamma function.

56 <M< 10 GeV
— PYTHIAB-MBR

32 <M,< 56 GeV
~ Had. Model

178 < M,< 316 GeV

1
O 10 20 30 40 50 &0 70

I!I5|IJ152]253]35N;U

olnmanusumhi:

d High 176<MX<316 GeV

[] 5 10 20 0 10 20 30 40 50 &0 O
Ny N
T T T T T I T T 1
(ay . o
100 | : — PHOJET
£ o) [SR 5 :52.6 Gev 3
E . <n>=12.8 ]
L & <n> /D219 i
_/ cnms /0T =285
lo-l: = o f: 10 1‘5 20 I!Ié';li]ﬂl')ﬂjlﬁll 40 ﬂlilallallnﬂlléﬂ]ﬂ]
- 0 : N N, N,
= E -~ o) SPppS vE=540 Gev ]
= [ “""(L‘ «n»:28.3 :
g - .{} en> (B=1792 — QGSJET-IHIA(LHC)
S gz _/ '\ <n*>/D' =183 -
o El ]
=l = #,
.3 B 1 1 L 1 1 1 1 1 1
S ] 5 W 15 20 0 5 1015 20 25 30 35 40 0 10 20 30 40 50 60
E o3 e Mo W NG
=] E 3
= 1] 3
"':: — QGSJETHHM(LHC)
o
104 | -
- 1 | | L L | | 1 ! 13 ) . —
Q o 20 30 40 50 60 70 80 90 100 [} 5 10 om0 51u15m25:|135~;u [] 1ummm5umhﬂ
R ch
n [charged multiplicity
Fig. 2. Full phase space inelastic non-single-diffractive data fitted — EPOSLHC

with the modified gamma function: (a) ISR data [§] at \/s=526
GeV and (b) collider data [7] at ﬁ=540 GeV.

IJ5|IJ152|253]35N:IIJ

ﬂlﬂﬂlmlﬂﬁuﬁﬂﬂ?:
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Pythia8-MBR hadronization tune

Diffraction: tune SigmaPomP

=
0

=
o

—
S

-

sigmaPomP (mb

=
=]

« Best fit to MBR (high multiplicities)
— sigmaPomP=10 (4C default)
sigmaPomP=2.82+(M3)™'™
— sigmaPomP=2.sz*(Mf)°"“‘*0.65

8
PYTHIAS

default

"'=I‘|"'T"'|'\4' AR AR RARNRARNEAR

——

(=]

Red line:

10°

10°

X

10

oPP(s) jexpected from Regge phenomenology for
s,=1 GeV?and DL t-dependence.

best fit to multiplicity distributions.

(in bins of Mx, fits to higher tails only, default pT spectra)

ark
(4]

o
&

probPickQu
(£
tn

e = N
@ =Y o M o w
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII TT

(=]

goo

Diffraction: QuarkNorm/Power parameter

— 5./M, (Norm=5, Power=1, 4C default)
— 0.65*M""5 (Norm=0.65, Power=-0.15)

robPickQuark
p(q)= —ProoPIckQ
probPickQuark +1
1
P =
(9) probPickQuark +1

ya

d description of low multiplicity tails

10?

=

LOW-X 2
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SD and DD x-sections vs theory

_— 257 T T T T T T [ | T T T TTTT ] — 25 T T L T T B T T T T T L B

2 - @ KG — PYTHIAS-MBR (e=0.104 . Q - * = .
e - o ALICE (€=0.104) ] = - @ KG —_ PYTHIA8-MBR (c=0.104) -
= - ---- PYTHIA8-MBR (c=0.08) . - = - © ALICE NSD (DD+ND) ---- PYTHIA8-MBR (e=0.08) -
20— ® CDF - GLM — 20— - —
o B o ET10 _ a B e CDF GLM ’
) L L KP e 0 e KP -
o) - O UA4 / Lo o - ]
—  x= CHLM(ISR) 0 - _
15 B . Amitage etal. (ISR) /.,.. ............... i 15 - Includes ND background s
- : C An>3 ]
10 — 10— -
5/ 5 :_ e S ‘_"f':'.".':‘.‘:*:‘-"—"—-"‘_:
0 I 0 L \‘ ] | L1111 ‘ 1 1 1 L1111 | 1 1 | B

10 10 10? 10° 10*
\s (GeV)

O KG*: after extrapolation into low & from the measured CMS data using MBR model
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Monte Carlo algorithm - nesting

Profile of a pp inelastic collision

1 (t) Y9 t t ty t,

«~|Ins' ~ | evolve every cluster similarly

final state Y —AV' [
of MC —AY
“w/no-gaps AY' > Ay
AY' < AY' i generate central gap

hadronize ._-

v
repeat until Ay' < Ay' i
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SUMMARY

L Introduction
[ Diffractive cross sections:

> basic: SD1,SD2, DD, CD (DPE)} .

> combined: multigap x-sections | and QCD color factors

» ND = no diffractive gaps:
¢ this is the only final state to be tuned

 Monte Carlo strategy for the LHC — “nesting”

Thank qyou for your attention
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