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HERA: The World’s Only ep Collider

L

HERA-1 (1993-2000) ~ 120 pb~"'
HERA-2 (2003-2007) ~ 380 pb~1

Final Data samples
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Diffractive Scattering

Deep Inelastic Scattering (DIS)

ek’
e (k) particle flow
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Diffractive deep Inelastic scattering

« large data samples collected on inclusive diffractive
DIS by H1

« diffractive parton distribution functions (DPDF)
extracted from inclusive DDIS under assumption of:

collinear factorization

dﬂﬁp_}exvzzif?(X,QE,XJp,[) ® dai[X,QE)
optionaly, also proton vertex factorization

f?{xanrxm rt)zfmfp(xmat)*fiup(ﬁ:x"'lxm :»QE)



Test of QCD factorisation: H1 Dijet in DIS

¥

LRG: Q% >4 GeV2, PI™! > 5.5 GeV ,PI*®® > 4 GeV

H1 Data H1 Daia
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QCD factorisation OK (in DIS)
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Tests of collinear factorization In
diffraction in H1

Dijets in diffractive photoproduction

« predictions based on H1 DPDFs overestimate diffractive
hadron-hadron data - gap survival (S < 1)

» similarly expected in photoproduction regime of ep (Q2~0)

JHEPOS (2015) 056

» mechanism still not fully explained
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—
- MU HA12006 FAE = 283 = (146 !
= i -asr

H1

ratio to NLO

DIS
DIS-like in yp

0 AT
QF [GeV



Test of QCD factorisation: H1 Dijet in DIS

¥

LRG: Q% >4 GeV2, PI™! > 5.5 GeV ,PI*®® > 4 GeV
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VFPS: Dijet in DIS and in Photoproduction

ratio to NLO
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Exclusive dijet production in diffractive DIS

et+p—oetjetl +jet2+p

L ]

Data 2003 - 2007

372pb1

Q7 =-g° > 25 GaV’ - virtuality of the photan
S0 < W = 250 GeV - photon-proton center-
of-energy

x — Bjorken x - fraction of proton's
momentum carried by struk quark

% = W01 - fraction of proton’s momentum
carficd by exchanged color singlot

t={pp)? - four momentum transfer squared at
proton vertex

05 =<f <0.7. B=%/xp - fraction of Pomeron
momentum ‘ seen’ by photon

only dijel, scallered eleclron and prolon in Lhe
final state

Selecttwo hard jets may to allow compariscn pQCD models

Models predict different shape for dijet azimuthal angular distribution

Exclusive Processes at HERA

Photon 2015, Novosihirsk &



Exclusive Dijets in DIS

LRG: Q2 > 25 GeV2, z;p < 0.01, Nj, =2, PIS™ > 2 GeV

e using Durham jet algorithm in v* — IP rest frame in exclusive mode (all

objects are in jets), Y., = 0.15.

e test the nature of the exchanged object in diffractive interactions

e reconstruct ¢ angle between lepton and jet planes

—

. lpl=n plane |

» do/de ~ 1+ A(PI*)cos2¢ [J.Bartels et al,PLB386,(1996)389]

A > 0 for gq produced from single gluon % % %
r
: v

A < 0 two gluons exchange. iE
b

LISHEF-2015



Exclusive dijet production in diffractive DIS
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Resolved Pomeron model

Almost constant,
Fositive value of Ainthe
whole [} range

Two-Gluon-Exchange model
Value of A vanesfrom positive o negative
Model agrees quantitatively with the data in the range 0.3 < < 0.7

Data favour the Two-Gluon-Exchange model prediction

Exclusive Processesat HERA Photon 2015, Novosihirsk 13



Tests of collinear factorization In
diffraction in H1

Open charm in diffraction
» tagged with presence of D* in the final state
* gluon initiated

« low statistics (w.r.t. dijets) e
. DIS: Q"j > 4 GeV? Yp: Qz < 0.01 GeV?
e(k) efk’) ol = 100]
2 Ipis | - H1os00 2 | p . H193-00
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D* production in diffractive DIS

new H1 measurement - preliminary

D* in diffractive DIS

—_— * ‘ B
o eYX(D%) %“UD;— H1 Preliminary
« H1-HERA 2 data 350 v Sl
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L~ 280 pb sosE . background
int [
. Eﬁﬂj— ]
* D* reconstructed fully in: 20
* 4 0 _+ — __+ + f
D**+D°n. (K n')n, +C.C. s
(BR ~ 2.6 %) mn;
. fits of Am = m(D*__,) - m(D°,_ ) 0]
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« 5<Q2<100GeV2 0.02<y<0.65
Pripe > 1.5 GeV INs] < 1.5 ... both in laboratory frame
Xin'% 0.03 12



do/dy [nb]
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D* in diffractive DIS
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History -

G.F. Chew and F.E.Low Phys.Rev. 113,1640, 1959
C.Goebel Phys.Rev.Lett vol 1 p337 1958

Mainly reaction — pi +N --> pi + pi + N

Example - JETF v45, p913, 1963
Cross-section pi+ pi- --> pi+ pi- =34 +-9mb
(energy in cms = 4-7 Mpi)

FIAN — 1988, v 186 p 106

Gamma + p --> gamma' + pi+ neutron

Cross-section gamma-pi+ = (5.4+-1.) 10**(-32) cm**2/st
Egm=650 mev, s1=6.5mpi

alfa(pi+) = -beta(pi+) = (20 =-12) 10**(-43) cm**3



UCRL-BheT

UNSTASIE PARTICIES AE TARGETS I SCATTERTNG ZHFESIMERTS
3. F. Chaw
Radlation laboratory
Univarsity of Califernia
Baritaley, fallfmnis
gnd
F. E. Laow
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Dericaley, Galifornia
and
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The H1 detector at the
e-p storage ring HERA

/ p
Tracking chambers

Calorimeters

Forward muo Instrumented iron system

detector

H1 Events Joachim Meyer DESY 2005 4
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Side view

Schematic
viﬂw ﬂf Hl Central Tracking Sysiem
Hu N e Silican
Forward Tracking \ it
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e P
Furward ,"'//
Muon Svstem
Linuid Arzon Calorimeter Spalal

H1 Evenis Joschim Meyer DESY 2005
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Reaction of interest and the analysis phase space

Y+P — p'Tn

|—> T

Photoproduction:  Q?* < 2 GeV? ((@Q% = 0.05 GeV?)
Low p;: It| < 1 GeV* ({|t]) = 0.20 GeV?)
Small mass: 0.3<m..<1.5 GeV (m )
x'y®m inCT: 20< W,,, <100 GeV ((W.,) = 48 GeV)
Leading n: E,>120 GeV, 6,<0.75 mrad

|

No hard scale present = Regge framework is most appropriate
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Contributing processes and their modelling

[ ’\/\I\J‘\’:ﬂpu # o IIIl'l = (VaVaV, F‘
|II " Tf._ | g?- T %
< II| P:: II| 1

ey~ BT MY

Pompyt x Pythia6 DiffVM

(o -Flux) (glastic ~& — g'w) (elastic, p-diss. v-diss, double diss)
Signal (DPP) Background

W.p V’E{E — P:)pBp » DPF expeetations: f,{x1,t) = @ shape, ], slope, b — bl M)

Wow ~ Wo/T — .

« [iffractive bgr is well known (but has an irreducible part: Ay = V" — nw )
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Typical Event

| HI Emmrﬂ.;ﬁnumﬂ-;mmmﬁ ENC |

i Hlw MO0
07T BT KT ':'_151 swedo FHTOGIE QLIS Rde MRS [-13 Hi

r‘f{j B e .
FNC T T -
[z — T4 M) $3 52 1

Run 452469 Event 1118 Class: 14 27 ate 131072006
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a7 Key Experimental Ingredients

Improved H1 FNC (distinguish ({P) = 98%) and measure n and /")

—

located at z — 106m from IP Y
(A) ~30%for6 < o.smrad o |

Powerful fast track trigger (allows untagged soft <yp to be collectad)

L———T=

cJcy :
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OPE and pion fluxes

B (W
el et

e — f#..-“p{ml.-j t}ﬂ-*‘_m({l_m.ﬂ}ti’rzj

Problem: too many different fluxes on the markat

drp J;l.-uan{xi'ﬁ.' T;’r;p(mr’ }dt . g_r_ﬂ{ﬂf?ﬁ}

ey, T pfar] B X T T T
| v o *  Tishari-0
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0.2 .4 0.6 L5 |
At
Typical examples:
Sat iplmp, 4} — 5 Ii:rﬁ S S e Gz f 5 oxp[— 1? mj-;t — H. Haltmann ot al., Mucl Phys ASU6 (1896) 631,
Fotin(Zp, th =2 Frki () ) hifﬁ exp —It2(m? — t)] — B Kopeliovich el al., Z. Phys. €73 {[1996) 125,

Um dmr




Pion fluxes confronted with H1 data

Example of fluxes excluded by the data

(too soft pions ‘in the proton’)

Fluxes compatible with H1 data

-2
Make restricted selection of w-fluxes on the basis of shape comparison only
i p' with Forward Neutrons y p’ with Forward Neutrons
E & TTI dala Jprula Hl P‘]’.El]l]]][lﬂ_l"j’ i E . & IT1 dalw (prel Hl l""l"E].I]flfllll::ll"'jr L
5 08 - N{l—v_null..l.i.:;d Fep it LR LR ) " 5“ 0.8 - Tu:lliir:lﬁz:‘:l::am: {
“: | — s B ~RPP
2 L —— Rishari-0 i
17 Y O L i QAN 7
0.4 7 04 e i
e - —— =
0.2 -—+— _______ J 7 0.2 _______l_____ 3
“ i i 1 i | i 1 i 1 i 1 “ 1 i 1 i 1 i | i 1 i 1
04 05 06 07 08 09 04 05 06 07 08 09
X X,
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3 Total cross sections

% . o Fon o erdum = Nh:_{r O
) T [ ey, QF)dydQ? L{A-e)F i

Where
Ny — diffractive dissaciation bgr from MC
£ — integrated lumingsity
4 - ¢ —correction for detector acceptance and efficiency
F — photon flux integrated over kinematic domain 20 < W < 100 GV - < 2 GeV-
', —numerical factor accounting for extrapolation to full o mass range

For OPE dominated range, 0,34 < &, <2 0.045, and 20 < W <100 GeV. &, < 0.75 mrad

o(vp — p'n(7*)) = (280 %+ 6, + 46.,,) nb

% yr((Wor)} = i

[ Frtiplxr, tidardt’
and for {W..} = 22 GeV

ga(ynt — p'nT) = (2.03 4 0.34.p, £ 0.51,,0401) b

Taking interpolated value of erf{~p — p%) = 9.5 = 0.5 pub at corresponding energy, we obtain

ro = ol jot = 0.21 4 0.06 fof v o™ (0032 £ 003 [ZEUS, 2002])

gL wewd
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Total ~yp and ~y7r cross sections

"4
Inner error bars — statistical uncertainty Inner error bars — tatal expearimental uncertainty
outer error bars — /stat? + sys? outer error bars — v/exp? + model?

p' with Forward Neutrons
— 5[“] i ] ; ] . 1 ! 1 : ] i E 5 i ] 1 I 1 1 1 I 1 I 1 I
E i H1 Pl‘EliIﬂil'Iﬂ[‘}f ] = - ® L (prely H1 Pre]jminarjr
: i o 2
L 400 B - - 4 I il
e ] a [
: * 1 :
300 - + . = Ir ]
200 - t o 2k 1 + + ;
[ & Hldala iprel.) i I
100 - — Pompyt 3 1 A
Feees G WY, B= o033 £ 006, & 013, -
n [ | i | i | i I i | “ [ I I i I i
20 40 60 80 100 10 20 30 40
W., [GeV] W... [GeV]

Regge motivated power low fit W# yields 8 < 0

Holtmann flux 1s used for the central values.

Model uncertainty ~ 23%
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. Differential cross section in p?

p' with Forward Neutrons

= 1“ - , x
E - H1 Preliminary -
)
=
. 1 N.PZotov, VA Tsarev - 1978
% Soviet Journal of Particles and Nuclei 9{3)266-290
b- -
© ) ISR
= wegmm geam B
] 5 | %L .
® HI Daia {prel.) \ - rl_ K ;__.f_- i o
T —— Fit e 4 get IRt 1 'vtl
0.01 - b = 250 £ 6.1 GV, b= 328 £ 0.31 GeV© - L
: I L | L I L I T
% e
0 02 04 06 08 i UPF2—3 & ol
2 2 :
pl,p [G'EV] e A T T
M ()i GeV

Geometric interpretation: (r?) = 2b,-{he)? ~ 2 fm? = (1.68,)° = ultra-peripheral process

DPP explanation: low mass = state — large slope, high masses — less steep slope



p' with Forward Neutron
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. 8k<x, <0195 (G=00)
0.1
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p" with Forward

Neutron

P T ' | T '
E ¢ HIl data
| ===+ Bishari- |
- L — Iolimann
.- Krr
— MST
- —— FMS .

10

Figwe & The exponential slopes lived through the 32 dependence of the leadiog neatmns
i nmaiem ool . The twner o bars mepneent siaistcal emers amid Lhe soler emmer bas
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