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LHEC KINEMATICS

r  CTEQ 6.5 parton
& 3.5f distribution functions
I Q*=10GeV?

Web pages: cern.ch/lhec LH C

Somewhere, somehow the low x growth of
x-section must be tamed to satisfy unitarity!
Non-linear terms in evolution equations?

E

E : i
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Fraction of Overall Proton Momentum Carried by Parton

Main aim of low x at LHeC is to observe and understand:

« associated microscopic dynamics > Q?as large as possible

* transition between perturbative and non-perturbative dynamics
in QCD

LHeC

ep/eA collisions
E,=7 TeV E, =275 TeV/nucleon

Ee=60-1406GeV Js~1 -2 TeV
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DIFFRACTIVE KINEMATICS Low x 2013, Israel 2.6.2013

Two kinematic regions of diffractive events:

Q?~0 GeV?- photoproduction
Q?»0 GeV?- deep inelastic scattering (DIS)

HERA: ~10% of events diffractive

_a-(p-p) _Q*+M,”
T gp QF+W?
momentum fraction of color singlet exchange

X Q°

~ 2
Xip Q2+Mx

>

>WX

B =

v

M, =m, proton stays intact, needs fraction of exchange momentum, coupling to y
detector setup to detect protons

t=(p-— p’)2 — 4-momentum transfer
squared

M, > m, proton dissociates,
contribution should be understood



DIFFRACTION AND LOW X

Detector requierements >

Significant extension of kinematic region

of diffraction
(as compared to HERA)

New domain for diffractive masses

Diffractive Kinematics at X,x=0.01

Current HERA Data

Q?/ GeV?

LHC CDR

Q2%/ GeV?

* Luminosity~ 10°3 em™2s-!.  eA: Len~1032 cm2s-!

* Acceptance: |-179 degrees
(low-x ep/eA).

*Tracking to | mrad.

* EMCAL calibration to 0.l %.
* HCAL calibration to 0.5 %.
* Luminosity determination
to | %.

* Compatible with LHC

Diffractive Kinematics at x,,=0.0001
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DIFFRACTION AND LOW X

* At LHeC, M, up to hundreds of GeV can
be produced with low xgp Here integrated lumi is very conservative,
- New diffractive channels ..beauty, W/Z | with L=103%cm?s! can be reached |
- Measure exclusively produced new/ L > 100fb! - 1000 b
exotic 1- states (odderon?)
HERE: § 10“'. Diffracti ield (x,, < 0.05, Q%> | GeV?
«  Diffractive charged currents , Dimmetvecventyieldfoy <005 Q7> 1OV
- Dijets in DIS and Photoproduction A o LHeC (E,=20GeV, 2 ')
o7 'ofg. ® LHeC (E,=50GeV,2 fb")
If some.’rlme left = | -':;.. o LHeC (E, = 150 GeV, 1 )
* Elastic J/y photoproduction 106 ":33,
interpreted as hard 2g exchange, " "0,
coupling to qq dipole, --> 5 A “::‘“.
simulations done- see LHeC CDR = o o, e,
« Deeply Virtual Compton Scattering, 104 : . ,
SIfI'\LIlGTlOﬂS done - See LHeC CDR 0 50 100 150 200 250 300 350 400’450
LHeC CDR My / GeV




DIFFRACTIVE EVENT SELECTION

Large rapidity gap (LRG)method wmumdien

Diffractive DIS: ep —> eXp

X 3 ® LHeC, E, = 50 GeV
— 6

e HERA

Restricted to low xp L

Correlation between xr, and rapidity ot
most forward particle n,,, of diff. system
If n,.< D, measurements up to xp ~ 0.01

(forward instrumentation down to 1° required).

Misses interesting region of large M. T

Detector acceptance [per mil]

Itl [GeV?]

(=]

g
o

5 45 4 35 -3 R5 2 15 -l

log,, (Xyp)

Leading proton detection

Proton Spectrometer at 420m
Larger xipregion

Overlap in x;p with LRG method
can be used for the cross-check
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NEUTRAL AND CHARGED CURRENTS

p -___(A-v) (L-_’_)_‘_ P o ‘ k) (A-’_ )
Neutral .,,z?qu) Charged W @ [N @ \7 e
Current /5(/‘//. . Curren/t/ , S e’ . -
p—* @&— % p —> y‘—__—-xq\ .. W’ — —
=z e .. d,u,c,s
Sensitive to flavour L
decomposition of u,d,s,c
quark singlet (completely _>
unconstrained by NC data)
: 2 IP,R
Different shapes of do/dy for W+ (q / q ) collisions ()
do, - do, - _ 2 p p
d—(e q)ecl d_(e q)ec(1-y)
y & o t
{Suppressed in bwd region | o & £ T
o - W~e i W~e"
_ d b
29 (o7 p)ocl(d+s)+(m+T) (1-y)) .
dxdy
29 (o p)oc] (A5 )+ (ur) (1-y ] e E T T
xay - --- W'~e"

Measurement at different beam energies



CC EVENT TQPQLQGY Low x 2013, Israel 2.6.2013

 Signature of Charged Current - missing fransverse energy E,
« Diffractive selection - Large Rapidity Gap or detected proton

ZEUS event display £\

n=0
| T
LRG i ‘
T P W 2, et
‘qj "I e (27GeV) ‘ I |:| l] e |]

FPC

XY View I e

Kinematics is calculable from diffractive X-system:

Q%= ) XIP:Q2+2EQ(EX+pf) B:L

4E,E, Xp YS

y:



HERA MEASUREMENTS

H1 ZEUS
oM =0.39+0.12(stat ) +0.07 (syst )pb | oyod =0.49-0.20(stat ) +0.13( syst ) pb
10 events 9 events
g 20 | E 0.8 T AnaIySiS cuts
15 | ] 0.6 2 2
10 0.4 Q > 200 GeV
sp T } _______ 02 | S y < 0.9
0.01 0.03 . XIP < 0.05
L, ® HiData o .
g v T | (@200GeV 408 x,<0.05) Only about 2% of CC x-section |
NE' SR N (IR contrib.)
s I Resolved Pomeron model with H1 fits
i 1 A or B predicts zero e+e- assymmetry.
EurPhys.J. C48 (2006) 715-748  Agsymmetry not studied here....

360 o ‘1000
Q% [GeV? 10



Low x 2013, Israel 2.6.2013

LHEC PREDICTION

HERA
920+27.5

gCcdiff(MC) = 338fb
~20 events (60pb-!)

daldQ’ [pb/G

doidp [pb)

o -
0 s R B W
RRERRE I RRRRRRY

dy [pb]

dofdx,, [pb]

MC RAPGAP prediction markéta Jansovd,

cuts:

Q2> 700 GeV?,
0.005 < x1p < 0.012
0.2<y<0.9

Bachelor work, Prague 2013

LHeC
7000+60
oCCdiff(MC)= 923fb
~80000 events (100fb1)

No corrections for detector
acceptance and resolution!

Diffractive CC events could be
studied in a more detailed way...



DIS DIJETS HERA & LHeC
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Higher CMS energy -> higher scales accessible

HERA |
E¥ﬂ~15GeV‘

| LHec

,/)_ ‘ jetl

Er ~40GeV

Radek Zleb&ik Calculated at parton-level
™ by NLOJET++
- adapted to diffraction

B - Only statistical errors plotted

I

+ ____ J LHeC |
[ "+ 11
e -,
HERA J[ .
]

Scale uncertainty H

10 15 20 25 30 35 40 45 50
EX [GeV]

s} = - o

920 + 27.5 HERA (400 pb )

Q*>4GeV°A0.1<y<0.7
X,,<0.03A|t|<1GeV*
M, <1.6GeV
EX'>6GeV
EF“>4GeV

_1<njets<2

7000 + 60 LHeC (10fb ')

Q°>2GeV’A0.1<y<0.7
x,,<0.01Alt|< 12 GeV?
M,<1.6GeV

EX'>10GeV
Ef“>6.5GeV

_3<njets<3

Cut Q2>4 GeV? will reduce LHeC
x-section by ~20% 12



DIS DIJETS HERA & LHeC

At LHeC x-section dominates for small z-, where gluon part of
DPDF weakly constrained from inclusive measurement, dominates.

Access to small zr depends
on the ability to measure
jets with small E+

jetl(min ) jetl(min)\2
(E7"™+E7" ™)

min -
Zip = max . max
Xip
HERA . LHeC
z,,~0.07 z,,~0.02

do/dz,; [pb]

& I
(=3 [32]
o o

(7]
[31]
o

IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIII|IIII

300

250

200

150

100

50

0

(=)

Radek Zleb&ik

|

H
of
2H

13



Low x 2013, Israel 2.6.2013

PHOTOPRODUCTION DIJETS HERA & LHEC

Resolved Ph°*°P"°d“C“°L « Factorization in diffractive dijet photoproduction
y i g at HERA not confirmed, 3 independent
) measurements by H1 obtained ,
. suppression factor S2=0(NLO)/o(data) ~ 0.5-0.7,
| Tt (with large theoretical uncertainties),
g (z¢) ZEUS measurement consistent with S2 ~ 1
In LO!

« Theoretically predicted™) dependence of S? on
X, = (fraction of photon’s momentum in hard subprocess)

a ’ not observed neither by H1 nor ZEUS.

*) see e.g. Kaidalov,Khoze ,Martin,Ryskin,European Journal of Physics 66,373 (2010)

LHeC:

‘ Tests of factorization in diffractive dijet photoproduction?



PHOTOPRODUCTION DIJETS HERA & LHEC

L 3 ™M v/ . .

%"’ E | R. Zleb&ik, Frixione NLO,

St - - No suppression assumed adapted for diffraction

N 920 + 27.5 HERA (400 pb™") | 7000 + 60 LHeC (10fb ')

E E T — Q°<2GeV’A0.2<y<0.8 0*<2GeV A0.2< y<0.8

B 1 -~ —

s - — o HHeC X ;p<0.03 A|t|<1GeV? x,,<0.01Alf|< 12 Gev?
10-1:g .—0—+ _-_—___ MY< 1.6G€V MY<1.6GEV
w02 HERA 7 ey EF'>6GeV EF'>10 Gev
-l Ty, EF?>4GeV FF®>6.5GeV

: -I_‘I' —1<n*<2 —3<n**<3
10-4:5 T 11
D

B [GoV] HERA N LHeC
EF'~17GeV " | EF'~42Gev
210 E
g ‘ |
o LHeC . HERA LHeC
E . x,~0.09 - x,~0.03
10° T .
- x10° _ _  Higher E; of jets - smaller scale
10°E < e N 0 0 0
- — HERA uncertainties in NLO QCD calc.
10°E h :
= * Access to lower values of zp and x,
N | | |

IR I e B Y S R R than at HERA

. 0
log X, 15



EXCLUSIVE PRODUCTION -VECTOR MESONS

B = %eg
AT M

_JP.
A

* Clean experimental signature -just 2 leptons
» Sensitivity to low x gluon up to x,- 6- 10® at Q?~36eV?

—J/ U+
gYP—J/Y+p (W)
Bl e J/w i

= 1200¢ — T
c - ° : LHeC cen!ral values 1rom _
~ - H1 extrapolatmg HERA data LA
» 1000~ | © 2EBus olyp) = (2. 96 nb)(W/GeV) 724+
B LHeC Simulation i LT |
| | =—— bh-Sat (eikonalised) S i
800 [------ b-Sat (1-Pomeron) ]
N | | T i
600 ]
L E.=150 GeV  —
400 B E. = 1oo GeV ' ]
200 - Vertlcal (dutted) lines |nd!cate values of _—
¥ Wi _\!E _\(4E E, at the LHeC with E =7TeV. _

ol

500 1 000

1 500 2000

2500
W (GeV)

« Simulated data are from extrapolated
fit to HERA data
* b-Sat dipole model eikonalised *)
- with saturation,
I-Pomeron
- without saturation

- LHeC can distuingish between the
different scenarios

*) Golec-Biernat,Wuesthoff Bartels,Motyka,Kowalski,Watt



EXCLUSIVE PRODUCTION - DVCS

ep—> eyp Deeply Virtual Compto

No complications connected with meson
wave function
Generalized Parton Densities (GPD)

2 scenarios Lo NLO
MILOU generator using Frankfurt, Freund| Strikman model.

‘;‘ 1 03 —8— x=4.7e-05 —o— x=1.2e-03 0; —a— x=1.3e04 —a— x=13e-03
e Eh Low x ol o e Large scale < cow  —iamw
3 “t o :+++ —o— x=5.3¢-04 —— x=1.3e-02 B 2%e —8— x=7.5¢-04 —8— x-7.5¢-03
» :"+: e _._:—0— ~ —:7%—‘— x . -*+:Ifi
1 02 "% o= =0 * +:o::.:4.—_._'74.:¢—4.7= —’f Py
$ Fen T I R e e e
:P - . L ‘ _?_ ;c —— # 7f74+7
e _ ' — o
E AN BT AT AT A A A N DR AN AN T DR AN T B AT RN A A | | IS BT NI SR R SR R E A R |
5 10 15 20 25 30 35 40 10 20 30 40 50 60 70
Q’[GeV?] Q*[GeV?]
- - -10 - - - o
L=1fb1 0=1 £=100fb-1 ©=10

Prv=2 GeV 2.5 < Q% 40 GeV? P;=5 GeV 50 < Q3%< 500 GeV?

74



CONCLUSIONS

LHeC represents a natural extension to HERA and LHC

LHeC diffraction - access to high masses of diffractive system M,
(depending on the instrumentation in the forward region)

Large statistics of Charged Current diffractive events in LHeC -
the possibility to study e.g. e+/e- assymmetry in CC

LHeC diffractive dijet DIS production - access to larger scales,
E; of jets up to 40 GeV

LHeC diffractive dijet photoproduction -
better possibilities to test the factorization in photoproduction

LHeC exclusive production - elastic J/y photoproduction,
deeply virtual Compton scattering (DVCS), details published
in LHeC CDR report



