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RENORM: Basic and Combined

Diffractive Processes

acronym basic diffractive processes varticles rapidity
. SD, pp — p+gap + [p — X, @20 distributions
& SDp pp — [P — Xp| + gap + p, [
o DD pp — [p — Xp] +gap + [p — Xp],
DPE  pp — p+gap + Xc + gap + p,
@ 2-gap combinations of SD and DD
S
5
@)

DD, pp—p+gap+ X.+gap+ [P — X’p]:
DD, pp— [p— Xplgap + Xc + gap +p.

Cross sections analytically expressed in arXiv below:

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

Ay Anj A2 Ang Anz Anj Ana
Ui 72 5 "3 "3
t1 to t3 ta
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Regge Theory: Values of S, & gppp?

KG-PLB 358, 379 (1995)

http://www.sciencedirect.com/science/article/pii/037026939501023J

o(t)=a(0)+a't o(0)=1+¢
a(0)—1 )
o7 = B1(0) £2(0) (f;) =’ (i (1)

TOTAL CROSS SECTION ELASTIC SCATTERING S
o) Bit) 0
P % p 3 2 2 2a(r)-1]
H 1=0 H doa _ Bi(1)Bi(¢) ( § )
& 0 5 - o
BO) P Bit ) dt 167 50 ]

SINGLE DIFFRACTION DISSOCIATION

ok [ s\ o2 i
=== Flm - e (2)

ﬁ(t)%eh}‘dr =  by(s) = b(},gf-l“.'Za ln(j)
0

(3)
dzo'sd
Parameters: dtd¢ 4
a s, s, and g(t) 2(4 a1
0 setsy = s, (universal Pomeron)| = % g2 [ﬁ (0) g(#)" (f,-) }
Q determine s, and gppp— how? h ¥
= fr/p(€,1) ot (s 1) 1 (4)
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Theoretical 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
(also true for partial x-sections in impact parameter space)
Q the unitarity limit is already reached at Vs ~ 2 TeV !

] 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

& <005
B Albrow et al < .-
O Armitage et al. QH/";\
+ UA4 Q%'f,« Standard flux Factor of ~8 (~5)
] .
A erio <4=——= suppression at
X Cool etal | Vs = 1800 (540) GeV
- Renormalized flux
\
101 ! f v é RENORMALIZATION
L]

t

Interpret flux as gap
formation probability
that saturates when it

KG, PLB 358, 379 (1995) reaches unity

1

10 U 100 1000 10000
—
Vs (GeV)

http://www.sciencedirect.com/science/article/pii/037026939501023J
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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 sub-energy x-section
T

Gap probability =» (re)normalize it 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!
http://physics.rockefeller.edu/publications.html KG&JIM, PRD 59 (1999) 114017

—~ 10
Y
%; N\ std. and renorm. @ 14 GeV (0.01 <£<0.03)
G D fluxfits [J20 GeV (0.01 <&<0.03)
-g A 546 GeV (0.005 <& <0.03)
Reg g e d ata ~— O 1800 GeV (0.003 <& <0.03)
-1 \
8 10
A A
2¢ ~ -2|  A=005
s 10
dG S > 1 O .. . e——— 546 GeV sfd.
- (x o N\ S flux prediction
? 2\1+¢ > 0° No., ™ w1800 GeV std.
d M (M ) "_‘D N * flux prediction
-4 renorm. flux
10 prediction
10 °
1 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 it as gap probability

=>»set to unity: determines gppp and s,
KG, PLB 358 (1995) 379  http://www.sciencedirect.com/science/article/pii/0370269395010237

S5
= fIP/p (t’ g) O-IP/p (Sg)

| f 388/2 *Uppp (t)

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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DD at CDF

http://physics.rockefeller.edu/publications.html

v dN d*opp _ d*osp d*osp / do,,
B ‘ dn didM?dM?  didM? didM? | di
P N min Nmax i e
. ' _ [KBIOBAOF  sPeert
M, <In M2 ns <In M2~ 1677 (MiM3)1+2e
d*opp _ K B*(0) Na(r)—1]1Ay 2 "\
0 T _ = € K'B (U) —
"g Vs=1800 GeV dfdlndnt 167 S0
8405 « DATA gap probability X-section
DD + non-DD MC o oOF
—————— non-DD MC S Y _
A 107 o UAS (adjusted) =
4| g -—Regge ] 6F\)egge
10 g 5 | Renormalized gap
z ] ]
10 %% 810 F . ,
: I ; €Renor’d
I f * T | x-section
: | | divided by
o0 L | integrated
Eu 1 | v by v by e e by b 1 : a. rOb-
0 1 2 3 4 5 6 7 Ll L Cl g p p
A= Mo 10 10 10°
Vs (GeV)
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SDD at CDF

Vs=1800 GeV

10 %

10 %

= Excellent agreement 10 %

between data and MBR ;
(MinBiasRockefeller) MC o
o 1 2

e DATA
—SDD + 8D

MC

e

3 4{;_"5”"6'”
AN eyp=Nmax Nmin

7

IV

- . ~ "
d’ o _ [B(r) e*[cz{:p}—l]ln{lf’f}}”XH[K[@&:[&{”—I]'&HT HI:BZ(U)(S
dipdidépdAndn,. 47

AP

/]
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CD/DPE at CDF

http://physics.rockefeller.edu/publications.html

~ 10°k
o
Il
g
4
= 10
8
E 3
=
E 10 7
w
= Excellent agreement between I
2
data and MBR based MC g 107
= Confirmation that both low and |2
high mass x-sections are 1o L
correctly implemented il sl il 1
& 5 -4 3 1
10 10 10 10 v 10 10 1
S
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RENORM Difractive Cross Sectmns

Fosp 1 [ 50 aeer-nan] 200 () )
dtdAy Nyap(s) | 167 | U so) )
dBO_DD _ 1 _’u’:.-ﬁz (0) eQ[a(t)—l]&y_ . <rfi",£32 (O) i E \>
dtd Aydyg Neap(s) | 167 1 U so) )
A B 292 I\ €
dt|dtodAydy, Noap(s) | 167 S0

Am2 — 2.8t 1 :
F* (1) = 8 ( ) ~ a1t + age?!

2 -
4mp t 1 071

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

oND = (COtot — Te1) — (20sp + 0pp + 0cp)

CMG | Covolan, K. Goulianos, J. Montanha, Phys. Lett. B 389, 176 (1996)
http://www.sciencedirect.com/science/article/pii/S0370269396013627

16.795%194 1-60.8157932 £ 31.68s7"*  for /s < 1.8
thip — ! 2 cDF \ 2 .
0 JE{’}?F + L [(lﬂ i) — (lﬂ SSF ) ] for \/_E > 1.8

50

KG MORIOND-2011 http://moriond.in2p3.fr/QCD/2011/proceedings/goulianos.pdf
VsOPF = 1.8 TeV, ¢SPF = 80.034+2.24 mb
Vs =22 GeV 50 = 3.7+ 1.5 GeV?

tp — + + :
O PP =G, P*PX (G /Oior) PP, with o,/ from CMG
» small extrapolation from 1.8 to 7 and up to 50 TeV
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Diffractive and Total

EDS”’OQ I

e Use the Froissart formula as a saturated cross sectio:

T2

m?

ot(s > sp) = o¢(sp) +

5

Sp

therefore valid at /s = 1800 GeV.

100 ———T
g < 0.05
Albrow et al.
Armitage et al.
Liad4

CDF

E710 .

Cool etal. -
.

*x -8+ OO0

=
=
T

Total Single Diffraction Cross Section (mb)

-
-
-
R
p
-
P
p

Standard  flux

17 Renormalized  flux

fSF:ZZ GeV &

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

e This formula should be valid above the knee in 44 vs. /s at \/sp =22 GeV (Fig. 1) and

e Use m? = s, in the Froissart formula multiplied by 1/0.389 to convert it to mb~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:

gLHC _ ;CDF | T (4,2 50 _n2 s7PF 98 + 8 mb at 7 TeV Uncertainty
‘ ‘ So SF sp ) |109 £12 mb at 14 TeV | is due to s,
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TOTEM (2012) vs PYTHIA8-MBR

NBR errors reduced by 75%
by using data on exclusive
n* production from the AFS
at the ISR (= next slides)

'E Ttot (red), inel (blue) and o) (green)
- Bp (PDG) +  ALICE .
F 120 (PDG) 8 g
L PP e TOTEM
110 Auger + Glauber =
g ge .
00| o ATLAS — best COMPETE o fits i e
€ 4| ¢ cMS - —-114—-152In5+0.130In?s Pid b
80 I A g 0 ]
i § RENORM |/V/ .’# BR: 71.1#5mb ]
60 L 4- \? superball>+1.2mb |
=Tt
50 :'—,J_._ - o et - - —’.IE [Tinel ~ ___\
[~ Zea -
30F 77 e .
i -
20 - Yel _4_---7 .
10 T_\_ - — - -7 - ]
O I— 1 | | 1 1111 | 1 | | | 1111 I | 1 | | 1111 | 1 | | | 1111
10! 102 10° 104 10°
Vs (GeV)

o V= 72.9 1.5 mb

G, V= 74.7 £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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ATLAS - In Diffraction 2014

(Talk by Marek TaSevsky, slide#19

-Eompar'ison with previous measurements

o) L I |
E 140 o ATLAS
o 5 s TOTEM ATLAS \s=7TeV
120~ + Lower energy pp
[ a Lower energy and cosmic ray pp - Luminosity-dependent
100 o Cosmic rays A
P 00_ — COMPETE HFIpI2u 7] TOTEM —a— Luminosity-independent
Ul C e 13.1 - 1.88In(s) + 1.42In’(s) 5
(_U 80 :_ _: —————=——— p-independent
c C -
B 60 - ] ATLAS —— Luminosity-dependent
fd - ]
x A0 [y Kl T )
Q C T ] 8590 86 100 108 110 115
- 201~ o, et = G\eilBP— X)[mb]
EMiMA b r-mmemm T ]
% 0™ "'i'o — 162 - 163 — 164 — The same run in 2011, Lumi-dependent method:
Q \s [GeV] _
= ATLAS: gy =|95.4 £ 1.4 mb [Lumi unc=2.3%)
= ATLAS \s=7TeV RENORM:  1o7EM: 4, 5 98.6 + 2.2 mbl(Lumi unc=4%)
—.— astic on + .
E TOTEM fl " S ! ot 98.0+1.2 mb — Difference =13 0
—a— umi-incependen
8 . pindependent ATLAS value ~20 below COMPETE fit, but closer
%’ to predictions by Block & Halzen, KMR, Soffer.
ALICE —_—
= . MinGias ATLAS: g,; =24.0 £ 0.6 mb (Lumi unc=2.3%)
'\d_ ATLAS - Elastic Totem: g,; =254 £ 1.1 mb (Lumi unc=4%)
= 60 85 70 75 80 85 90 — Difference=1.10
c Uinelasﬁc(pp‘) X}[mb] 19
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Reduce Uncertainty In s,

)

Events,/ 25 MeV

i
2.5

|Amplitude|? (arbitrary units)

* | «|SF
500: | * }* * «|Df
A i
400 S |
3002 + +
2003
1oof '
0:“ ! u.hﬂl\# $¢LL.¢|t't*-¢/éi twji ft
1 1.2 14 1.8 1.8 2 2.2
Mass (GeV)

M{nm) GeV
Review of CEP by Albrow, Coughlin, Forshaw http://arxiv.org/abs/1006.1289
Fig. from Axial Field Spectrometer at the CERN Intersecting Storage Ringg

20% increase in s,
- X-sections decrease

Data: Peter C. Cesil, AFS thesis
(courtesy Mike Albrow)
=»analysis: S and D waves

Conjecture: tensor glue ball (spin 2)

Fit: Gaussian

0 <M,y,>=Vs,=2.10+0.68 GeV

0 2s5,=4.42+0.34 GeV?
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Reduced Uncertainty In s,

7TeV (95.4+12 ) 264103  69.0+L0

98.4+2.2 73.7£3.4 TOTEM
24.00£0.60 71.34+0.90 ATLAS
CMS
8TeV  97.1+14 27.2+0.4 69.9+1.0 MBR
101.7+£2.9 27.1+1.4 14.7+1.7 TOTEM

(s conforoney 22 ATLAS
CMS
13 TeV 103.7+1.9 30.2+0.8 73.5+1.3 MBR
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The CMS Detector

rlrnax

B & d} T]rnrl Tlmzu-t
= BB - “ : j | sDz2
CASTCR
SD | '
_ FG&2
& & = E} ﬂm‘n ﬂmax
S e
S & A & - |
q 9
= f) Tlmin "l min "l Lo nmﬂi
CG | | ‘ oD
ND z '

CASTOR forward calorimeter: important
) - for separating SD from DD contributions
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CMS Data vs MC Models (2015)-1

SD dominated data DD dominated data
G20y, e2w'(Tev) § (] Error bars are
o = 1 O = ] .

E 18- CMS log, M, < 0.5 @3 E 18- CMS 0.5 < log, My < 1.1 © 4§ dominated by

Wialads I Y S E systematics

14 T aeaaa i 7 — 1.4 PYTHIA version: =

8:' 10 T '-'----}-----"'..'..':........""': - g 4of  — PB-MBR(=008) 3

5 - E P T el = SR P8-MBR (e=0.104) -

g b T 18 Y lex 7| O DD data scaled
0.8_— ; — U.B_— - -] O
06E E 06E 31 downward by 15%
04F = 04f = (Wlthln MBR and
S T A | 4 CDF data errors)

0655 5 45 353 252 055 5 4 -3 25 .2
Og10g)( 09105)(
16.2 ub™ (7 TeV) 16.2 pb™ (7 TeV)

u L R R R R B e~ e R R R R R RN AR

E 18- CMS log, My < 0.5 k)3 £ 18- CMS 0.5 <log, M, < 1.1 (d) 5

W 1eE N 4  X16F . Data © 3

S 14F S oy — prosET 3

g ER IR _z

% 10 E % 1f =+ EPOS-LHC 3

© D.Bi— _i o 0_32_ 3
0.6;— —; n.s;—
04F = 04
02F 3 02f

0555 "5 a5 35 3 "I-'2.5'"'_2 0%
09105'.)(
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CMS Data vs MC Models (2015) -2

16.2 ub™ (7 TeV)
e

E D_?_I rr o[ rrrr|prrror Tt T 7 ]
é o6F- CMS AN>3 (a) E
— E Iogme >1.1, IogmM\, =1.1 E
<] 0.5 Dat -
-U n L ] ata . -1

B 0 4__ PYTHIA version: 1 3 0?_ LI B LN B L AL B B A -IIB||2'I!J'P| |(7l -lrel\:r:l

O —— P8-MBR (e=0.08) ] B ]

- e . P8-MBR (=0.104) ] o6 CMS An>3 (b) -

lny T S P e P8-4C - — F ]

- l : T Pagoe : 5 . 5: log. My > 1.1, log, M, > 1.1 .

0-2:_ E E . e Data ]

O R e B Ly ] - PHOJET ]

o1 | fl @ == r - -8 04 QGSJET-I-03 E

- : 0 3: QGSJET-II-04 ]

bl Ll I f e PR AR =] -.-.- EPOS-LHC ~

2 3 4 5 6 7 8 9 B ; N

AN = -Ing 0.2f =

: : 0.1E 3

0 P8-MBR provides the best fit to the data s ;

2 9

O All other models too low at small An
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SD Extrapolation to &, < 0.05 vs MC Model

T L) I 1 L L] 1 1 E 3 L Ll 1 1 L L] I 1 E 1 L L] I I T L) I
£ E

"Ejf;‘ —PYTHIAB4C 1 =.%F  —PYTHIAeZ2®  §=.°f  —PHOJET J P8-MBR describes the
i S e 1.2 normalization and shape

B § ji: j] of the CMS data and is

£ EI ] used to extrapolate to
m the unmeasured regions

K R N D S| e S e e T S S i - to obtain &SP for §<O 05
log & log % log & .
107X 0% 107x
o = =) i
E 3 E sp E
. — QGSJET--03 — QGSJET-II-04 3 . — EPOS-LHC
LIJ\I_'&E._ 1 _: :J._.I"'§5 E
g i 3 el E
2 ] F 12
Dc% 1EE ] a1 ] u'_lB 15 ]
e
osf I 1 osf EY E
ok Neps, .---: |:|: ---: a -:

4 T & 5 -4 4 ) 1.0 -8 -?“I-Ei. £ -4 -3 I-"”-1.=|:| % 7 & B 4 4 2 -1".l:l
ﬁﬂgm%x %ugm"?x %ugmgx
E LR LIRRRRN LAARNLELE RELE] REREY LALEE RELES E .IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllll E .IIIIIIIIIIIIIIIllllIIIIIIIIIIIIIIIIIIII
E 3F 1 E st 4 E 3
w F — PY¥THIAB-MER | Bl — PY¥THIAB-MBR = — PYTHIAE-MER
i f - od - o b L
F (a=0.125)  { _Z°F (e=0.104) {1 FF (£=0.07)
L ak {12 of 12 2 9
% z 14
1:- -z 12- h—- E 1.- —_— E
: ] E FRAALE AL LY ] ] ]
0EF 3 DEE ALV - osF 3
s L] Bl R
l:ld T & 5 4 4 -2 4_0 I:I-E - 6 & 4 3 2 - N 1] I:l--!- -7 % 6 4 3 -2 40
108, 55 10,53 109,55
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p; Distr’s of MCs vs Pythia8 Tuned to MBR

Arbitrary units

56 < M, <10 GeV
— PYTHIAS-MER

32 <M, < 56 GeV
== Had. Model

178 = M, < 316 GeV

02 o4 os 0B 1 1. 1 o oz
p, Taeth

04 08 08 1 1 1, a 02 D4 DE 0O
p, fEath

B 1 1. 1.4
Py {ael)

—PYTHIAB-4C

O Low 5.5<MX<10 GeV
0 Med. 32<MX<56 GeV
d High 176<MX<316 GeV

d CONCLUSION

0 PYTHIA8-MBR agrees
best with the reference
model and is used by
CMS in extrapolating to
the unmeasured regions.

02 o4 D6 OB 1 1. 1 o 02 04
py fady

— PYTHIAG-Z2*

0z o4 D6 0B 1 1. 1 o oz
p, faet

04 06 08 1 1 1 0 02 D4 D6 04
p, fast)

B 1 1. 1.4
[N fosty

— PHOUET
i

02 o4 D6 0B 1 1. 1 0O 02 04 0
P, faet

B 1 1 14
P, Tael

— QGSJET-1I-03

: e

02 D4 D5 0B 1 1. 1 0O 02 04
Py faed)

4 DB OB 1 1. 1
Py icel)

— QGSJET-II-04

.....

.....

og OB 1 1. 1
py okl

— EPOS-LHC
]

:
02 o4 05 0B 1 12 1 o oz
p, fasth

04 o oE 11 1 a o2 o4 DE O
p, Tasth

B 1 p:fGL‘a’]

O PYTHIA8-MBR
O PYTHIA8-4C
O PYTHIAG-Z22*
O PHOJET

0 QGSJET-1I1-03
0 QGSJET-04

O EPOS-LHC
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Charged Mult’s vs MC Model —

Pythia8 parameters tuned to reproduce
multiplicities of modified gamma distribution

(MGD)

http://www.sciencedirect.com/science/article/pii/0370269387904 746

T

DIFFRACTIVE DATA“
<n>/D=2.2

Loy oty owaal

N
3
0
(=
o
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Fig. 1. The diffractive data of ref. [3] fitted with the modified
gamma function.
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Pythia8-MBR Hadronization Tune

o
: : : — Yqcp : :
Diffraction: tune SigmaPomP  Nae= T Diffraction: QuarkNorm/Power parameter
320_ x 5
[P g — 5./M, (Norm=5, Power=1, 4C default)
18— « Best fit to MBR (high multiplicities) g4s
a rC — sigmaPomP=10 (4C default) .5 = — l].lSS"M;:'15 (Norm=0.65, Power=-0.15)
g o sigmaPomP=2.82*(M;)°' to4 = 4 -
e — sigmaPomP=2.82*(M,)"'*+0.65 335k (q)= _ProbPickQuark
€ 12:— o 3 " probPickQuark +1
2 C - B 1
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<5 20
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28 0.52—
- | Ll Ll E
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X X
oPP(s) :expzected from Regge phenomenology for
S,=1 GeV*and DL t-dependence. O good description of low multiplicity tails
Red line: best fit to multiplicity distributions.
(in bins of Mx, fits to higher tails only, default pT spectra)
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SD and DD x-Sections vs Models
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CMS vs MC & ATLAS

203 pk! (7 TeV)
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Monte Carlo Algorithm - Nesting

Profile of a pp Inelastic Collision

1 (t) Y9 t t ty t,

i;— Ins' = | evolve every cluster similarly

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

hadronize ._-

v
repeat until Ay' < Ay' i
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SUMMARY

U Introduction
d Review of RENORM predictions of diffractive physics
» basic processes: SD1,SD2, DD, CD (DPE)

» combined processes: multigap x-sections

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

 Monte Carlo strategy for the LHC — “nesting”

1 Updated RENORM parameters

= Good agreement with existing measurements
=» Predictions of cross sections at 13 TeV

Thanks to Robert A. Ciesielski, my collaborator in the PYTHIA8-MBR project
Thank you dor your attention!
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