easurement of Exclusive p(770) Photoproduction at HERA

— Overview —
e measurement of 777~ photoproduction at HERA
e modelling of the my, spectrum
e extraction of p(770) cross sections w/ kinematic dependences

e extraction of the leading Regge trajectory
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Vector Meson Photoproduction

e v — qq fluctuations — bound states i P >
JPC(y) =17~ — vect 0w, 0,... L 4
° (7) vector mesons (p°,w, ¢,...) 10 ¢ Yo = J/up :
e long lifetime — strong interaction: o(v had) ~ o(had had) g
10 -2 ;_ °¢$°¢? [} _;
— Soft diffraction — i o 5 w(2s)p

i . I O fixed target
e color singlet exchange: 10 -3 L % HERMES 4
8 . ~ — E e HizZEUS :
— Regge picture: low-erg. IRegeons, high-erg. IPomeron E s LHCW/ALICE 3
: o idi b X and Y i ¥p —> T(1S)p]
— experimental: large rapidity gaps (e.g. between X and Y) 0™ T .
; 2 3
e cross section cms energy dependence: o(W,,) ~ W,yp‘s 1 10 10 10

[Eur.Phys.J. A52 (2016) 158]

— related to Regge trajectories: §(t) = 4(ap(t) — 1) W (GeV)

e momentum transfer at p-vertex t: do/dt(t) ~ e~ bl e HERA: 20 S Wy, < 300 GeV
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HERA e*p Collider at DESY

Central Tracker:
— HERA: — drift chambers

2 layer Si strip
e world’s only ep collider 1 =

(Forward) Muon
o E. =27.6 GeV, max E, = 920 GeV
e max /s = 319 GeV
Proton

e etp and e p data Dissaciation
aggers

i -1 . Forward Neutron
e Lint ~ 0.5 fb™" per experiment e imater

+ datasets at /s = 225 and 252 GeV (not used)

Forward Proton
Spectrometers
(not used)

Stopped June 39 2007
HERA

~=—Electrons/Positrons
~=—Protons

—— Detectors —
e two collider experiments: H1 and ZEUS

e multi-purpose detectors

e ~ 47 calorimeter (em&had) coverage

e tracking in central region \
o forward detectors e i ZEUS




Diffractive p° — 7" 7~ Photoproduction at HERA

e electro- — photoproduction e other contributions to 77—
Q% = —q%? — 0 GeV? with quasi-real v, IR exchange, other vector mesons, (k)
non-resonant wto—, ...
(@)

e BR(p? — ntrw—) ~ 100%
— 7t~ measurement

< interference =
¥(a)

! p-dissociation

elastic, my

e elastic scattering vs proton dissociating

dissociation: p’2 = M2 > m,2, — dominates at large |¢|



7t~ Photoproduction in H1 .

—— Event topology —
e photoproduction: €’ undetected (@2 < 2.5 GeV?)

o diffractive scattering: p’ in very forward direction

e two oppositely charged, central, back-2-back tracks

-~
Se

e prt <1 GeV: often no signal in calo

FTS(28m)

@ yracker aCCep
X

o
P32

LTI

elastic p' ﬂ]] ul |
B ————

=11

I Y e >
Foraisso’ _”I‘apll(;itum

ciation

r

gap
L

—— Challenges — Z«—t
e trigger: L1 track trigger

II'I’II.IOI’\

e

e elastic vs proton-dissociation: tag using forward detectors

e Q2>0, My # mp: kinematics under-constrained — deteriorates resolutiond

e tracker acceptance: many (small) backgrounds

“p
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Data Set - MC Modelling

e /s =319 GeV 2006,/2007 positron data set
@~ 13 pb_1 (downscaled trigger)
e ~ 0.10% selected 7T7— events —— Modelling by DIFFVM MC —

o wtm™ signal: elastic & proton-dissociative
— tuned to data in Wyp, mgx, t

%108 - , o I
T . models also w, p’, non-resonant — 77~ contributions
'; H1 Data
6 Excl. nm elastic
< 5k Exfl.?;w p-dissociative ] ° backgrounds:
—
= —w—ata—xl

p =4 + ) — +..—0
~-dissociation 1 — ¢ = KTK™, KsK, m"n~ 7", pm, ny

Beam-gas — p' = prw, TATT
MC uncertainty — ~y-dissociation — hadrons via JETSET

rec
T

nooRERECH |

e proton-dissociation:

— do7P /dM? (l/M\2/)‘S ® measured resonance structure

N My < 1.9 GeV : N* resonance with measured decay channels
p My > 1.9 GeV : p’ — hadrons via JETSET

Events /Am
o




T

7~ Cross Section Determination

—— Unfolding particle-level cross sections: —

tagging information
control regions

== pack-
d ground

| control
’ + regions

bkgM

" :
S —
Gl
T
= gl ]
ok H a'H - . - -
ok . . .
B8 i HI - B H . .
G 2 [mlmis- .- |ni - . -]
Q¢ - m 00 O -
sE : o8 mecon e il w0
> S8l [migrations ]| aa T
5.0 *:1 between LA e
u elas / dissoc —
‘rec no tag = single tag ’ multi tag ’ bkgl bkgN

reconstruction Ivl bins

subtract backgrounds
correct signal for detector efficiency and resolution
separate elastic from dissociative contributions

regularized template fit using TUnfold

D

— Reduced fiducial phasespace —

0.5 GeV < My

20 Gev < W,

elastic:

p-dissociative:

mp < My

<22
< 80
<15
<25

=mp

<10

GeV
GeV
GeV2
GeV?

GeV

GeV

—— Photoproduction cross section —

d?o(yp = 7Fa~Y)

dmgdt

(M, t; Wyp) =

Nunf('y*p — Y)

Ampr At Liny ¢

/e

o effective flux ®eff
v/

o Weizsicker-Williams and VDM approach

. correction: Q2 <25GeV2 -5 Q2 =0



Differential Cross Section do(vyp — 777~ Y)/dm,, vs m,,

—— Fiducial cross section: —

. 3L J ofub]  stat.[ub]  syst. [ub
= 10} H1 oy —m, bl _satlub] sl
) lt| < 1.5 Gev? t Data my=mp 1152 £0.06 Z0.78
E 102k 20 < W, < 80 GeV Total uncertainty | mp<my <10 GeV 4.68 +0.06 s
— my, < my <10 GeV
g ¥ Data systematic uncertainties:
Total taint;
ll-\- otat unicertainty Rel. o uncertainty [%)]
+l< E Source of uncertainty my=m, mp<my <10 GeV
T E Statistical 0.5 Je2)
el .
, Trigger 4.1 5.3
'® Tracking 1.4 1.3
\b/ Momentum scale 0.1 0.1
e} Calorimeter 15 7.3
Tagging 2.0 8.4
Normalisation 3.9 3.9
* * . * * * * . MC model (my, @?, bgr.) 2.0 2.7
06 08 1 12 14 16 1.8 2 22 MC model (my, Wap, ) 0.1 04
Myr [GeV] Total 6.6 13.3
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Extraction of p° Contribution o(yp — p°Y)

—— Soding model — 1.4} — Sbding model
1 2: — -rel. BW(p")
“r — -rel. BW(w - p°)

— - non-resonant —

o o(ntm): p% w(782), and non-resonant contributions (...)

o fitdo(yp = 7t~ Y)/dmrr (Mrr) with Séding model
e 0.6 < mgr <1GeV

== - interference terms

0.8}
0.6F

S6ding model [a.u.]
—
T

do(yp — ntm— 2 . ]
% o |Apwo(Mrr) + Anon—res(Mar) 0.4; E
0.2} .
o p° und w: relativistic Breit-Wigners 0: -
e w— 7t~ only via w-p mixing (G-parity: w — «* 7~ 70) 0 2:_ _____________________ ]
e phenomenological non-resonant background (not pQCD) r ) . e . . L]

04 06 0.8 1 1.2 1.4

— p° cross section — N My [GeV]
at 7 at L wt

my+50, 2 d W, P
o(yp — pop) i~ / Aegm,m! dmyr at at v
2my
vop 7
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Séding Fit Results @

measured PDG
o fit elastic and p-dissociative together mp[MeV] 770.8 + 1. 3+22'i 769.0+ 1.0 (yp)
e different non-resonant contributions — shape differences T, [MeV] 151.3 + 2. 2"'1268 151.7£26 (yp)

me [MeV]  777.9+£2.27%43 | 7827401 (eter)

Iyl L ¢+ Data — # Data
% 100r H1 Total uncertainty % 40 H1 Total uncertainty
2 — Fit Soding [ 2 — Fit Soding
Q [ |t <15 Gev Total fit uncertalnty ] Q |t < L5 GeV 3 Total fit uncertamty
3 80F 20 < W,,, < 80 GeV Rel. BW 3 20 < W, < 80 GeV Rel. BW
my =m R ) m, < my < 10 GeV © e )
= 4 — Rel. BW(w - p%) =< 30" — Rel. BW(w - p°%) 1
60F e Non-resonant I _g& - Non-resonant
5:\ - Interference terms g\ - Interference terms
I I 20 ]
S S
+ +
(S S
T T
ISy
G G
[S) S}
< £ 1 2 <
Jc_ij 7_7\ | == e 5 e v e s e P P o S B Bl 4;% Fiaall e
S| Eo. 1 u-u-uu—u-u--nm—_“ aits (] HHHHHH--MH “--ll “‘.
86 0.65 0.7 0.75 0.8 0.85 09 095 1 66 065 07 075 08 0.85 09 095 1
Mar [GeV] Myr [GeV]



Extraction of Kinematic p° Cross Section Dependences

RPN

&Po(yp - 7t
dtdm.

t Data
[ Total uncertainty
— Fit Sodi

-+ In

- Rel. BIW(p°)

Non-resonant
f._terms

0= 20 Gov?
! 3

i G
0 G

i) unfold elastic (p-dissociative) myr distributions in
— 9 (6) Wyp,
— 12 (9) t, and
— 4 x 7 (4x5) Wyp X t bins (displayed)

H1 4 Data - Rel. BW(p")
<y <10Gy 2 ::xal uncetanty Non-resonant, ") fit Sédin g model

ing <= Tnterf. terms

= ERaeees EE — to all my, distributions simultaneously
g — assumptions on parameter dependences
;‘ — displayed fit: 65 parameters
e
E|F
112 . o
B - -.| iii) integrate p’ component
e = <l <om G | onsinom Gt | oy <om G . i
&5 I EOTEURCAR 9 TSR ARG EOTSYROERe S ETRRCARes — propagate uncertainty correlations

021 < 04
Wy <50 GV

021 < 0. Gev?
02 Wy <30 GV

0212 <01 GV E 0212 <01
4 waw, S0 50 G

W W < G | W, <8 Gy




Energy Dependence of p° Cross Section o(yp — p°Y)

J— 30.' my = my ! ]
=1 HA1 L %ﬁtj(ﬁwwm(ﬂ s —— Parametrization and fit —
— t < 1. = B uncering
95l [t} < 1.5 GeV gﬂtilonfpgggﬁ?salmy ] o this measurement: o oc W?: (20<W.,,<80 GeV)
g; 5 Eii{ed target — fit elastic & dissociative together
T 90 : ZEUS de = +0.171 +0.009 T332
< 2 CMS (pPb) Spa = —0.156 4 0.026 0061
< my, < my <10 GeV o bpu % bu
S 15¢ 1 — phasespace shaping by my < 10 GeV cut!
— suppresses high W, stronger than low W,
10+ ]
0 o all elastic data: o oc WOP 4 f WOR: (displayed)
of ] e = +0.207 £0.015 7493
OR,el = —1.45 £0.12 1%
® Ol > dei:
Oi — Reggeon contribution in present analysis range?

— 0(2%) at Wy = 40 GeV




t Dependence of p° Cross Section do(yp — p°Y)/dt

—— Parametrization and fit
bt\ —?
e do/dtoc (1— 5 o fit elastic & dissociative in simultaneously
— independent parameters

— small [t| : ~ exp(bt)
— bin-centre correction via function bin-averaging

— large |t]| 1 ~ |t|72

103F i i i ! j j 3
o ¢ Data +0.17 -2
[ —
L H1 Total uncertainty b = 9.59 £0.10 7417 Gev
& 20 < Wy <80 GeV. — Fit oc (1 21) " 2 =19.8+27 ™49
B my =mp Total fit uncertainty bpg = 4.79 £0.19 t%gg GeV—2
3 _ +3.1
— apg = 9.14+15 T3
~—
o 10 ¥ Data
% H1 Total uncertainty
&) 20 < Wy < ?g geY/ — Fit o (1 L)~
= mp < my <10Ge Total fit uncertainty
= :
- 10
_
=
&
X 1
<| £13
0.8 e TR 25 s
0 0.1 02 03 04 05 06 1.5 AlE 0.7””‘}”'_[‘““[““‘“‘“‘“‘“‘“‘“‘“‘“4
2 ~70 02 04 06 08 1 12 14
[t] [GeV7] It] [Gev?]
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Regge fit p° Cross Section as Function of W,, and t

— 2D Regge fit — elastic = leading trajectory parameters:
A —a 1At —1)
e parametrization o< (1 — bt/a)™? W, o = 1.0654 +0.0044 t%‘,%%%%
-1
e a(t) = ao + B ((exp(—4a1/B) +1) 7" — 1/2) a1 = 0233 £0.064 ‘9920 Gev2
— is linear ag + aq t at small |t] B = 0.164 +0.068 t%-%ié
— becomes constant ag &+ 3/2 for t — do0
— curves in right plots —— For visualization —
o 1D fit oc WA with free oy in all t bins
Ll H1 t Data I E S . — data points in right plots
8 my = my [ Total uncertainty i BTy 1.15
S — wAl®-1) = ] H1
= Fit T 2| e ]
= 10 T = Moo 20 < W, < 80 GeV
B 1% S Wy <30 Ge
<
g; 10? : ! : = 11 t  p°data
[ Total uncertainty
T e Woe [GeV] 02 0406 08 1 12 L1 —— 2D fit: non-linear a(t)
& - = 65 ox22 o t] [Gev?] o
T 10 a4 7 M %Eﬁ;cﬂfar o0
~ 5 oeese (shaped by fiducial | =< ey 1.05 & Tandshoft
~ phase space cuts) b 7
1 24 105 [0 Total uncertaiaty /
—— 2D fit: non-linear a(t) 1
I ! 4
0 0.2 0.4 0.6 ! L5 ol 1 ' - /
[t] [GeV?] -




Summary

— p° photoproduction at H1/HERA —

14
& H1 e measured up to three-dimensional 7+ 7~ cross sections at high precision
= |t] < 1.5 Gev?
G gf=m e elastic and proton-dissociative component
5 ! l e extracted 1D & 2D p° distributions via Séding model
10 ¢ .
¢ e interpreted p® cross sections with fits
++ 4
8 . .
w } \ —— Leading Regge trajectory —
H — 2D HI fit: b(W,,) . . . . . .
6 ) o Fixed target e determine precise leading trajectory from single experiment
% o RS e alternative interpretation: shrinkage of forward peak (displayed)
4 10 10; v e potential reggeon contribution = ap(t) or apr(t)?
W, [Ge
” e indication for non-linear effects at large |t| but not significant
H1 == w{ — Publication: — -
= i { e submitted to EPJ C
[ — &= | e preprint arxiv:2005.14471 [hep-ex]
[ﬂ 4
DL b DL 1
1.02 1.08 1.14 0.25 0.5
ar(0) ap(0) [Gev?)
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[1/GeV]

rec
T

Events /Am

107 L

106

10°

10%

Data

Excl. 7w elastic
Excl. 7 p-dissociative
w — 31

p =4 |
~-dissociation
Beam-gas

MC uncertainty

[1/GeV]

Tec
P

W

2
A~
Events /A

2
pT,'rr'ir

Events /A[t"¢| [1/GeV?]

35

30}

25

20]

107

—— Data

[ Excl. o7 elastic

Excl. 77 p-dissociative
w = 3T

¢

pl = dm
~-dissociation
3 Beam-gas

[ MC uncertainty

90
W [GeV]

Data

Excl. 7w elastic

Excl. o7 p-dissociative
w— 3T

(]

P —=4r
7-dissociation
Beam-gas

MC uncertainty

2 2.5 3
J¢ree| [GCVZ]



Proton Dissociation Tagging

==FTS(28)

elastic |
P =

FMD

e forward detectors FTS(28m) (n < 7.5), FMD, Plug calo

e proton remnants = induce signals = define “tags”

e poor detector modeling = “tag” = binary hit/no-hit info

e acceptance & efficiency = limited p-dissoc. tagging rate

e noise & secondary particles = finite elastic mistag rate

e sum possible tags 0 < neags < 3

e 3 control regions:

Plug Ca_lo
| Ntags == 0 Ntags == 1 Ntags > 2
Noa/N | 10% 36% 91%

= normalize elas./p-dissoc. (MC) components
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|

. s i
Plug Calo

=
[

zero-tag fraction
—

=}
w 2
=

multi-tag fraction
S S
W Ot

o
e - @
= oo

0.05

tagging rate ngags == 0:

H1 + Data

[ MC simulation
EH Excl. 77 elastic
FH Excl. wm p-dissociative

10! 1
|trec‘ [GeVZ]

tagging rate ngags > 2:

H1 + Data

FH MC simulation
FH Excl. 77 elastic
EH Excl. w7 p-dissociative

il
i i

il




do(vyp — ntn~p)/dmy; (my:) in W,, Bins

H1 4 Data - Rel. BW(p°)
[t] < 1.5 Gev? Total uncertainty Non-resonant
my =my, — Fit Soding - Interf. terms

100F 20 < W,, <25 GeV T 25 < W,, <30 GeV T 30 < Wo, < 35 GeV ]

Z
[©)
~
e}
= 1 % Data - Rel. BW(,9)
— [t| < 1.5 GeV? 7 Total uncertainty Non-resonant
I>‘ m, <my <10 GeV  — Fit Soding ---- Interf. terms
100F 35<W,, <40 GV 40 < W, <45GeV 4 45 < W, < 50 GeV S0P 20 < W, <26 GeV T 26 < W, <32 GeV [ 32< Wy, <38 GV

do(yp = 7t
dmzr

V) ivjcev)

50 < W, < 56 GeV [ 56 < W, < 66 GeV [ 66 < ,, < 80 GeV

50F 38 <W,, <46 GeV T 46 <W,, <56 GeV T 56 < W,, < 80 GeV
100} T

o(yp = ntw
dmg.

0.6 0.8 0.6 0.8 0.6 0:8 1
Mar [GeV]
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d’o(yp = 77~ Y) /dmydt (my) in t Bins

H1 4 Data - Rel. BW(p")
20 < W, <80 GeV [ Total uncertainty Non-resonant
my =my — Fit Soding ---- Interf. terms
1000F 0 <[t < 0.008 Gev? 40.008 < [t] < 0.018 GeV? 4 0.018 < [t < 0.03 GeV?
—
i
o
=
= H1 4 Data - Rel. BW(p?)
—~ 20 < W, < 80 GeV [ Total uncertainty Non-resonant
?“ my, < my <10 GeV  — Fit Soding ---- Interf. terms
(5| J000F 0.03 < 1] < 0.044 Gev T 0.044 < ] < 0.06 GeV® T 0.06 < [t] < 0078 GeV? 200F  0< 1 <0.03 GeV2 T 0.03 < [t] < 0.06 GeV2 T 0.06 < 1] < 0.096 Gev? ]
3 E“ —
T= 3
kst &}
< ~
x <
o =
= —
500F 0.078 < [t < 0.1 Gev> T 0.1 < 1] < 0.126 GeV T0.126 < [t < 0.156 GeV> [ 0.14 < |t < 0.2 GeV? 0.2 < |t] < 0.28 GeV?
13
Jr|: E&: 100 4
Tl=
% <
R
S
&
o
200F 0156 < [f < 0.2 GeV? T 0.2< [t <0.28 GeVET 028 < [t < 1.5 GeV? 50F 0.28 < [t <039 GV T 039 < [¢] < 0.6 GeV? 06 < [t| < 15 Gev? q
magnified o x 10 magnified o x 2
0.6 0.8 0.6 0.8 0.6 0.8 1 0.6 0.8 0.6 0.8 0.6 0.8

Max [GeV]
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