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Historical outlook and motivationsHistorical outlook and motivations
Uni ersalit of strong interactions

_
√ Universality of strong interactions 

at super-high energies

_
pp (pp): √s  ~10 TeVmax

http://pdg.lbl.gov/

π π pp: √s ~30-40 GeV ! max
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Historical outlook and motivationsHistorical outlook and motivations
E t ti fE t ti f dd titiExtraction of Extraction of π π p and p and π ππ π crosscross--sectionssections

[ [ W.J. W.J. RobertsonRobertson, W.D. Walker, J.L. Davis, , W.D. Walker, J.L. Davis, 
Phys. Rev. DPhys. Rev. D77 (1973) 2554(1973) 2554 ]]

Basic idea of the Basic idea of the 
extrapolation to t → m²:extrapolation to t → m²:

[ G.F. Chew, F.E. Low[ G.F. Chew, F.E. Low, , 
PhysPhys.. Rev.Rev. 113113 (19(195959) ) 1640 ]1640 ]
[ C Goebel Phys Rev[ C Goebel Phys Rev LettLett 1 (1958) 337 ]1 (1958) 337 ]

ππ

[ C. Goebel,  Phys. Rev. [ C. Goebel,  Phys. Rev. LettLett. 1 (1958) 337 ]. 1 (1958) 337 ]

[ H[ H. . AbramowiczAbramowicz et al.et al., , NuclNucl. . PhysPhys. . B166B166 (19(198080) ) 62 ]62 ]

from  from  γγ* p → * p → ππ+ + ππ-- p p 

[[ ,, yy (( )) ]]
σσtot tot ((ππp)=31p)=31±±3.6 3.6 mbmb
atat √s=50 √s=50 GeVGeV

from  from  ππ-- n → n → p Xp X[ M.G. [ M.G. RyskinRyskin, Y.M. , Y.M. ShabelskiShabelski, , YadYad. . FizFiz. 61. 61(19(199898) ) 89]89]
[ [ J.BreitwegJ.Breitweg (ZEUS (ZEUS CollabCollab.), Eur. Phys. J. C2 (1998) 247 ].), Eur. Phys. J. C2 (1998) 247 ]

√√s<18.4s<18.4 GeVGeV
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√√s<18.4 s<18.4 GeVGeV



Model  for  Charge Exchange processesModel  for  Charge Exchange processes
SS EE

Fπ
p n

ttSSππEE 200→550 200→550 GeVGeV at 0.9 at 0.9 TeVTeV
1.5→4 1.5→4 TeVTeV at 7 at 7 TeVTeV

Ŝ
π+virt

ss

p M²≈s M²≈s ξξ

ttDDππEE

F π 
p n

π+i

ttDDππEE
1 1 50→350 50→350 GeVGeV at at 0.9 0.9 TeVTeV

0.35→2.8 0.35→2.8 TeVTeV at 7 at 7 TeVTeV

Ŝ2

π+virt

M²≈s M²≈s ξξ ξξ1    21    2

F π 
p nπ+virt Main contribution

for |t|<0.3 GeV²
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tt 22

virtual → real pion



Model  for  Charge Exchange processesModel  for  Charge Exchange processes
SS E B tE B t L di t ib ti (L di t ib ti ( ik li tiik li ti ))

π
p n

Σ

SSππE Born termE Born term Leading contributions (Leading contributions (eikonalizationeikonalization))

P
π

p σπp
Σ =

...... ...... ......

b b ib b iabsorbtionabsorbtion

AA
[ V.A. [ V.A. PetrovPetrov, A.V. , A.V. ProkudinProkudin, , 
Eur Phys JEur Phys J C23C23 ((20022002)) 135 ]135 ]

It is possible to keep It is possible to keep 

AA Eur. Phys. J.Eur. Phys. J. C23C23 ((20022002) ) 135 ]135 ]

p pp p
interpretation of interpretation of ππp scatteringp scatteringBB

CC “enhanced” diagrams“enhanced” diagrams
with 3IP vertexeswith 3IP vertexes
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[ A.B. [ A.B. KaidalovKaidalov, V.A. , V.A. KhozeKhoze, A.D. Martin and , A.D. Martin and 
M.G. M.G. RyskinRyskin, , Eur. Phys. J.Eur. Phys. J. C47C47 ((20062006) ) 385 ]385 ]



Model  for  Charge Exchange processesModel  for  Charge Exchange processes
√s=62.7 √s=62.7 GeVGeV (ISR)                              √s=10 (ISR)                              √s=10 TeVTeV (LHC) (LHC) 

M, M, GeVGeV ξξ M, M, TeVTeV
0.627      0.0001    0.1
19.8         0.1        3.16
34.3         0.3        5.48

Ab btiAb bti t √ 10t √ 10 T VT VAbsorbtionAbsorbtion at √s=10 at √s=10 TeVTeV

S(ξ,q²)
__

S(ξ ,q²,ξ =0.1,q²~0)2  1    1   2          2

__ __
S (ξ =0.1,q²,q²)2   1,2         1   2

__ __
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Extraction of  Extraction of  π π p and p and π ππ π crosscross--sectionssections

The boundary

Function S*t/m² for Function S*t/m² for ξξ=0.05=0.05ππ

of phys.reg.:

Exact extrapolation procedure (“model independent”)Exact extrapolation procedure (“model independent”)p p ( p )p p ( p )
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Extraction of  Extraction of  π π p and p and π ππ π crosscross--sectionssections
Integral extraction procedureIntegral extraction procedure
(depends on the model for (depends on the model for absorbtionabsorbtion, , 
but can be normalized to pp crossbut can be normalized to pp cross--sections!)sections!)
Without LHC measurements  (TOTEM, …) at 10 Without LHC measurements  (TOTEM, …) at 10 TeVTeV theoretical error from theoretical error from 
most popular models is about 10%, at 0.9 most popular models is about 10%, at 0.9 TeVTeV errors are low, since we haveerrors are low, since we have
the data at 1.9the data at 1.9 TeVTeV..

√s=0.9 TeV

the data at 1.9 the data at 1.9 TeVTeV..

√s=7   TeV
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Extraction of  Extraction of  π π p crossp cross--sections from datasections from data

√s 9.4 10.8 15.9 18.7 22.2 50 70
NA49NA49 ISRISR PHENIXPHENIXHERAHERA

σσ((extext.).) 20±3.8 21.4±2.3 22.8±1.9 21.4±1.6 23.2±1.5 31±3.6 25.9±4.5

σσ((PDGPDG)) 23.2 23.19 23.55 23.85 24.27 27.43 29.3

COMPETECOMPETE

[ A. [ A. DonnachieDonnachie, P.V. , P.V. LanshoffLanshoff, , 
Phys. Phys. LettLett. B296 (1992) 227]. B296 (1992) 227]

[ B. [ B. NicolescuNicolescu et al. (COMPETE Coll.)et al. (COMPETE Coll.), , 
ArXivArXiv: : hephep--ph/0110170]ph/0110170]

COMPETECOMPETE

DLDL
yy ( ) ]( ) ]

[ A.A. [ A.A. GodizovGodizov, V.A. , V.A. PetrovPetrov, , 
JHEP 0707 (2007) 083]JHEP 0707 (2007) 083]
[ C. [ C. BourrelyBourrely,  J. ,  J. SofferSoffer, T. T. Wu, T. T. Wu, , 

GPGP

BSWBSW [[ yy,, ,, ,,
Eur. Phys. J. C28(2003)97]Eur. Phys. J. C28(2003)97]
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Experimental toolsExperimental tools
At  140 m for 5 TeV neutron t ~ 0.128 R^2: t < 0.3 =>R<1.5 cm ATLAS ZDC
Central cell (2x10 cm) of EM  ZDC: t<1.2 GeV-2

CMS ZDC

We suggest to change fiber layers by THGEM plates

1. A Concise review on THGEM detectors.
Nucl.Instrum.Meth.A598:107-111,2009. 
e-Print: arXiv:0807.2026 [physics.ins-det]

2. Development of detector active element based on thgem.

• cheap
• fast
• high rad. resistance
• coordinate and energy measurement
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p g
e-Print: arXiv:0906.4441 [physics.ins-det] 

gy
• upgrade HE CMS



Signal and backgroundsSignal and backgrounds

n
π

p

[ [ V.PetrovV.Petrov, , R.RyutinR.Ryutin, , A.SobolA.Sobol, EPJC 65 (2010) 237 ], EPJC 65 (2010) 237 ]
[ [ A.SobolA.Sobol, , R.RyutinR.Ryutin, , V.PetrovV.Petrov and and M.MurrayM.Murray, Arxiv:1005.2984 ], Arxiv:1005.2984 ]

[[R.RyutinR.Ryutin ,,V.PetrovV.Petrov, , A.SobolA.Sobol, in preparation ], in preparation ]

π

T T
ρ,a2

P,R π
n

π
n

π P,R
p

SπE

p
T

SRE

T

D bl Di i ti

π ππ

n
Single

n
π

p
ρ,a2

Double Dissociation

n n n

Single
Dissociation

T T
π (ρ a )

ρ,
P,R π P,R π

M
B

D E

p

DRE

π n
π (ρ,a )2

P,R
n
π

n
ππ

M

n

DIFFRACTION 2010, Otranto, Italy            Forward Physics                R.Ryutin

DπE DRE Central Diffraction



Signal and backgrounds distributionsSignal and backgrounds distributions
W f f CE d DCE  LHC

SD:

We propose to perform measurements of CE and DCE processes at LHC.
For the leading neutron detection Zero Degree Calorimeter could be used.

SπE:    
pp → n X       

   
   

   
 

   
   

   
   

 

σ ~ 14 mb

pp → p X
pp → X p
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  DD:

pp → XY        
σ ~ 9.7 mb

(Monte-Carlo for
Charge Exchange
Reactions) DπE:   

pp → n X n   
σ ~ 0.2 mb

(ξ<0.4)
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MB:    

η

Z Z

pp → X        
σ ~ 50 mb

η
All processes have leading neutrons at |η|>8.5. So
• SD  DD and MB can imitate SπE and DπE;
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η• SD, DD and MB can imitate SπE and DπE;
• SπE can imitate DπE



MonteMonte--Carlo for CE (methods)Carlo for CE (methods)
CE
MB
SD
DD

M=√S*√ξξ=∆p/p
BG /S ~ 0

tMξ
We selected events with 1 neutron detected in ZDCForward and look on Calo in forward and backward region

ZDC

N forward hits      N backward hits         E forward E backward

Nhits(HF) >7
diffraction ~ 0,
but MB  CE

CASTOR

but MB ~ CE

HF

ENDCAP

BARREL
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Total Total π π p &p &π ππ π crosscross--sections from CE&DCE  (MC)sections from CE&DCE  (MC)

Additional selectionsAdditional selections

No selection               No selection               

CE & DCE at 10 CE & DCE at 10 TeVTeV
CE

MB

S/B 
CE      1/28

MB

SD

DD

DCE   1/380
M, GeV

CE: Nhits(HF)>7
S/B 1/0 56

CE: |t|<0.2 GeV²
S/B 1/0 08

M, GeV

Simple selection:Simple selection:
CE

DCE

S/B ~ 1/0.56 S/B ~ 1/0.08

S/B
{ξ 0 4 & CE1} (CE) 1/2 7

MB
SD
DD

{ξ<0.4 & CE1} (CE) 1/2.7 
{ξ<0.4 & DCE1} (DCE) 1/1.6

DCE: Nhits(HF)>7
S/B 1/0 7

DCE: |t|<0.3 GeV²
S/B 1/0 07

M, GeVM, GeV
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S/B ~ 1/0.7 S/B ~ 1/0.07



Total Total π π p &p &π ππ π crosscross--sections from CE&DCE  (MC)sections from CE&DCE  (MC)

CE & DCE at 900 CE & DCE at 900 GeVGeV

At 900 GeV we have good chances to get 
10^7 CE and 10^6 DCE events at 1 pb^-1, Model dependent extraction of π p & π π
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using ZDC+CMS Calorimeters only! total  cross-sections at 200-600 & 50-350 GeV



TotalTotal {{ππ,,ρρ,a,a22}p}p crosscross--sections from CE  (MC)sections from CE  (MC)
N

SπE

SρE

900 GeV
η of neutron

N N
900 GeV

Sa2E

SρE+Sa2E

ZDC acceptance M, GeV

SρE+Sa2E

η
M GeVM, GeV

N
7000 GeV

M, GeV

At 900 GeV ρ and a2 exchanges are suppressed up to 3% 
just by ZDC acceptance due to different neutron 
kinematics.
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At 7000 GeV there is no such difference and ρ+a2 exchange
remains at level ~8%. M, GeV



Total {Total {ππ,,ρρ,a,a22}}π π crosscross--sections from DCE  (MC)sections from DCE  (MC)
Nf f d if b k d 8 N

900 GeV
900 GeV

N
η of forward neutron if η backward <-8.5

DππE

DρπE

M, GeV
ZDC acceptanceDa2πE

DρπE+Da2πE

M GeV
η

DρπE+Da2πE

M, GeV
N

7000 GeV

M, GeV

At 900 GeV ρπ and a2π exchanges are suppressed from 
47%  to 19 %  by ZDC acceptance.
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M, GeV
At 7000 GeV ρπ+a2π exchanges remain at level ~43%.



Elastic Elastic ππp & p & ππππ crosscross--sections from CE&DCE (MC)sections from CE&DCE (MC)
l i C C 10l i C C 10

No selection               No selection               
S/B 

Simple selection:                                                   Simple selection:                                                   S/B

{ξ<0 4 & CE1} (CE) 0 05

Elastic CE & DCE at 10 Elastic CE & DCE at 10 TeVTeV

CE      0.004
DCE    0.0025

{ξ<0.4 & CE1} (CE) 0.05

{ξ<0.4 & DCE1} (DCE) 0.04
Nhits(Barrel,Endcap,
HF,CASTOR,EZDC)=0

CE S/B ~ 0.9 CE S/B ~ 0.9 
S/B ~ 0.9                          1.7                                    5.3 S/B ~ 0.9                          1.7                                    5.3 

π+
n

P,R

p

nn
DCE DCE S/B ~ S/B ~ 1.11.1

S/B ~ 1.1                          2.1                                    7 S/B ~ 1.1                          2.1                                    7 

P,R

π
n

+

π+

n
π+

π+

π+
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Elastic Elastic ππp crossp cross--sections from CEsections from CE
Elastic CE at 10 Elastic CE at 10 TeVTeV: : pionpion detectiondetection

F d Sh C t (FSC) 8 11
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Forward Shower Counters (FSC): 8<η<11[ M. [ M. AlbrowAlbrow et al., JINST 4, (2009)  P10001 ]et al., JINST 4, (2009)  P10001 ]



Future prospects: Future prospects: pionpion structure functionsstructure functions
Parton distributionsParton distributions inin aa pionpion inin aa stillstill unexploredunexploredParton distributions Parton distributions inin aa pionpion inin aa stillstill unexploredunexplored
domaindomain ofof QQ² ² andand xx

σ ~ 20 nb ← pt(jet)>40 GeV → σ ~ 0.5 nb
LHCLHC

σ  20 nb  pt(jet) 40 GeV
ξ<0.2  π+

n

jet

π+ n
jet

jet

jet
jet

np

jetp
nπ+

HERA, JLABHERA, JLAB

π+
n

jet

p

jet
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SummarySummary
• CE (pp→nX) and DCE (pp→nXn) processes measured at LHC could provide us 
with unique information  on  π+p and π+π+ cross sections at very high c.m. energy  (up to several TeV): 
total, elastic, inclusive jet cross-sections, … => universal behaviour, value of absorbtion, diffractive 
patterns, parton distributions in a pion, …  
• Cross-sections for CE & DCE processes are estimated to be 1.5 mb & 0.2 mb at 10 TeV (very large 
number of events, even with low efficiency of registration)

M d l f h h ( ith d 2 ) i th 0 t 0 5 G V•• Model for charge exchange processes (with π, ρ and a2 reggeons) in the range 0<qt<0.5 GeV, 
0.0001<ξ<0.4, 0.9 TeV<√s<14 TeV was developed and applied to MC (generator MonChER1.0:               
4 models for pion-proton scattering,  3IP model for absorbtion)
• Model-independent extraction of π+ p and π+ π+ cross-sections is possible for LHC if we canModel independent extraction of π  p  and π  π   cross sections is possible for LHC if we can 
measure t-distributions. It is not possible for the present design of ZDC (or at 900 GeV with some 
restrictions) => At this moment only model-dependent extraction is possible with uncertainties in 
absorbtion (can be normalized to pp, at present we have 10% model error from most popular models) 
• Backgrounds: SD,DD,CD,MB are suppressed at |t|<0.25 GeV² (S/B~10). But even for the whole ZDC 
acceptance we can reach also S/B~10 with efficiency 1-3% for SπE and 5-10% for DπE without t-cuts, 
using the information from CMS detectors. Reggeon backgrounds can reach 3% (8%) at 0.9 (7) TeV
for CE and 19% (43%) for DCE. Pile-up is supposed to be low at first runs.( ) p pp
• Total  and inclusive dijet cross-sections π p and π π cross-sections could be extracted from the real 
data at 0.9!!! and 7 TeV in a model-dependent way. 
• For  elastic cross-sections and t-measurements  we need modifications of detectors (FSC, ZDC,  
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THGEM).



Backup  slides (Backup  slides (absorbtionabsorbtion formulaesformulaes))
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Backup slides (total SBackup slides (total SππE and DE and DππE crossE cross--sections)sections)

COMPETECOMPETE DLDL GPGP BSWBSW

Total CE and DCE crossTotal CE and DCE cross--sections in the region sections in the region 
ΩΩ={0<qt<0.5 ={0<qt<0.5 GeVGeV, 0.0025<, 0.0025<ξξ<0.4} <0.4} 

parametrizationsparametrizations forfor σσCOMPETECOMPETE DLDL GPGP BSWBSW parametrizationsparametrizations for for σσππpp

Since there are no real data for Since there are no real data for ππππ crosscross--sections,sections,
we can use factorization assumptions:we can use factorization assumptions:we can use factorization assumptions:we can use factorization assumptions:

COMPETECOMPETE GPGP
BSWBSW

ββ(t) are residues of (t) are residues of reggeonreggeon
l il i ik lik l
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COCO
DLDL BSWBSW poles  in poles  in eikonalseikonals



Backup slides (Backup slides (π π p crossp cross--sections from data)sections from data)

ISR, ISR, √√s =44.9 GeVs =44.9 GeV ISR, ISR, √√s =52.8 GeVs =52.8 GeV

TheorTheor

1.7·Theor.1.7·Theor.

Theor.Theor.

NA49, NA49, √√s =17.2 GeVs =17.2 GeV PHENIX, PHENIX, √√s =200 GeVs =200 GeV

Theor.Theor.
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Backup  slides (crossBackup  slides (cross--sections at 900 sections at 900 GeVGeV))
d /d dξ ( b/ )

SπE SρE+Sa2E
dσ/drdξ (mb/cm)

DπE DρπE+Da2πE
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r  is the transverse distance from the center of ZDC



Backup  slides (crossBackup  slides (cross--sections at 7 sections at 7 TeVTeV))
dσ/drdξ (mb/cm)

SρE+Sa2ESπE

DρπE+Da2πEDπE
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r  is the transverse distance from the center of ZDC


