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Diffractive DIS at HERA

’c:;L Standard DIS Diffractive DIS
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According o Regge phenomenelogy:
- exchanged Pomeron (IP) trajectory
- exchanged Reggeon (IR) and 1 when

proton loses a higher energy fraction, Xgp
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Kinematics of diffractive DIS

Q? = virtuality of photon =
= (4-momentum exchanged at e vertex)?

W = invariant mass of y*-p system

My = invariant mass of y* -IP system

X1p = fraction of proton's momentum
carried by IP

B = Bjorken's variable for the IP
= fraction of IP momentum
carried by struck quark

= X/Xgp

t = (4-momentum exchanged at p vertex)?
typically: [t]<1 GeV?2

" Single diffraction: N=proton
" Double diffraction: proton-dissociative system N

- represents a relevant background
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lefrac‘hve event selec’ruon

. _ZEUS Leadmg Proton Spec’rrometer' (LPS) " LPS method

80 - PROS: no p-diss. background
' direct measurement of t, xg,
high x;, accessible
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LPS method

PROS: no p-diss. background
direct measurement of t, xg,
high x;, accessible

CONS: low statistics
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Number of events
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. _;_ZEUS Leading Proton Spectrometer (LPS)

ractive event selection

- R

- PROS: no p-diss. background
direct measurement of t, xg,
high x;, accessible

-|  CONS: low statistics

Events

— Slope(nondiff) - - Const(diff) — Fit{diff+nondiff)

* D-PYT-Sang(E,,. > 1 GeV)
] DIG SR+Rhop (2 Sang(M, <2.3 GeV)

103 W =200 - 245 GeV
Q% =7 - 10 GeV*
102 Fit: D+ ¢ ebM 2

\ 212
In M, * (GeV?)



Diffractive event selection

0]
9
S
= E 20T ZEUS Leading Proton Spectrometer (LPS) E LPS method
o =100 [ =
°:‘,. *% BO 1 PROS: no p-diss. background
E Xy direct measurement of t, X
g » high x;, accessible
(o]
g 20 | CONS: low statistics
g g 1 ns= E = nea na \/ —
XL = P /Pz
M, method
— Slope(nondiff) - - Const(diff) — Fit{diff+nondiff)
* D-PYT-Sang(E,, > 1 GeV)
L] DIG SR+Rhop (2 Sang(M, <2.3 GeV)

- _

E 1030 W=200-245GeV

> 2 2

5 Q" =7-10GeV

102 Fit: D+ c et 2

PROS: near-perfect acceptance at low xg, 1
CONS: p.-diss background

i I 4N S 1502 i o o0 T T T B T St T R e N 1
-2 0 2 4 6 8 \ 10 212
In M, * (GeV?)



Diffractive structure function

do,,  mw _d°op

®" Diffractive cross section yp — ep—-€eXp

E
dM,  a@+(@-y)?) dFdM, dwW
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2 s 2 2
" Diffractive structure function F,b(* d . = 47za4 -y + B (B.Q7 X, )
and reduced cross section 6,5 dpdQ dxpdt  fQ 2(1+R7)
dma’ Y o 2
= ﬂQ“ [1-y+7]-0'r (ﬁ:Q Jx]]”t)
" When t is not measured o"(B,Q%,x,) = J' o™ (B,Q%, X, Ot

" RP = ¢, 7'P>XP/c7P>XP ; 60 = F,lwhen RP = 0

Will look at
> Q?, t, x;p dependence
> Regge fits

» Data comparisons



Data sets

= “LPS”: 1999/2000 data, 2 < Q2 < 120 GeV?, x up to 0.1

= “LRG": 1999/2000 data, 2 < Q? < 305 GeV?, x; up to 0.02
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= “FPC II" (M, method): 1999/2000 data, 20< Q2 < 450 GeV?
[hep-ph 0802.3017] IR contribution suppressed

35% of LPS events selected by LRG
Overlap LRG-My ~75%

» Will be compared to

= “FPC T" data [NPB 713 (2005)]

" H1 data: “H1 FPS” (Forward Proton Spectrometer) [EPJ C48 (2006)]
“H1 LRG" [EPJ C48 (2006)]



Data sets

= “LPS”: 1999/2000 data, 2 < Q2 < 120 GeV?, x up to 0.1

= “LRG": 1999/2000 data, 2 < Q? < 305 GeV?, x; up to 0.02
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= “FPC II" (M, method): 1999/2000 data, 20< Q2 < 450 GeV?
[hep-ph 0802.3017] IR contribution suppressed

35% of LPS events selected by LRG

ZEUS LRG corrected to My=mp
Overlap LRG-My ~75%

ZEUS M, corrected to M < 2.3 GeV

H1 LRG corrected to M < 1.6 GeV
» Will be compared to

= “FPC T" data [NPB 713 (2005)]

" H1 data: “H1 FPS” (Forward Proton Spectrometer) [EPJ C48 (2006)]
“H1 LRG" [EPJ C48 (2006)]
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How does diffraction behave vs Q?, t, xp ?

11
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cdiff (0.28 < My < 35 GeV)/c™!
o o ©o o o o©
o o ° kL kb Rk P
& ® F N » O

o
(@]
N

> odiff/ o't decreases logarithmically with Q2

x ZEUS FPC |
e ZEUS FPC II

W= 220 GeV

Fit to a-b:In(1+Q?)

10 107

Q% (GeVd)

Diffractive contribution to the total cross section

M, data
0.2/
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Q? dependence of ¢,5()
MX data ZEUS

* ZEUS FPC | ® ZEUS FPCII
- BEKW(mod) Total
3=0.005 f=0.025 p=0.125 (=0.40 B=0.70 =0.90 3=0.97

- Positive scaling violations
up to high-p values: diffractive
exchange is gluon-dominated

0 :HHHH‘ i \HHH:HHHH‘ Lol \HHH:HHHH‘ ) \HHH:HHHH‘ ) \HHH: [yl \HHH:HHHH‘ L \HHH:HHHH‘ SR

- 0.005 0.0025 0.0012 0.0006 0.0003 0.00015

0.01

0.02

X =006 0.03
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t dependance

LPS data ~
ZEUS >
(D)
L L B B B B Q’
2 02l @ 0.0002¢x:,<0.01 2| ® 0.01exp0.1 “
Q O 102
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% | *ZEUSLPS33 pb' ) 3
T 01 02 03 04 052 01 02 03 04 05
lt] (GeV) lt| (GeV?)
Fit to e bltl > b=70+04 GeV-2

ZEUS
T T T T T T 2
2<My<5 GeV 5<My<10 GeV | 10<M,<40 Gev | (GeV)
10} 1 il ]
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e ZEUS LPS 33 pt*
0 + +
10} 1 { 1
}ii} ------- F I O 0 S g ay 520
5 - i
0
. %i} ------- { --------------------- EHE 20-120
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O L L L
10° 107 10" 10° 10% 10" 107 107
Xip

Lack of Q? dependence and b much
larger than in vector meson production
- inclusive diffractive dissociation in
DIS is a soft process
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3 Xxp dependence of ¢,5(*%)
3
< LPS data
S ZEUS
§ . ZEUS LPS 33 pb — Regge fit LPS
K ‘\-'> B=0.003 | p=0.011 | p=0.049 | p=0.217 .
s 0 o [tls 0.13 Geve 3 First measurement in
o S 0djomeosen | & o the two t bins
3 g 34 : e O\i\.f ~
S Db“ 0 : ’og% : -e_e_eeoo L:e“e‘:e'g’: RN e
o o =0.004 3=0.017 B=0.074 3=0.302
? il | | |3 > Low xp: 6,°™ falls
o ' Aﬁ o with xp faster than 1/x
Lu;? s b ‘\*\i\p o IP IP
0 : == e —efeon, | Tl oo
=0.008 =0.031 B=0.127 B=0.441
0.1} jj} i \N\‘I\L § PHigh xp: xgpo,P®)
: sev® |~ b <+ flattens or increases
i __ooof < ooo | Tee with x;p (Reggeon and )
B=0.015 B=0.059 B=0.222 B=0.609
>
01| # | ¢ { } s
i# ety \E\i\ 5 > Same xp, dependence
0 : : Qoé’ =0 D exmaott m : in two t bins
B=0.043 B=0.151 B=0.449 B=0.816 3
[}
AT K [
. EE \I\H‘gr \{\H* ﬁ
0 | _eger 0 0P oo on - <
-3 -2 -1 -3 -2 -1 -3 -2 -1 -3 -2 -1
107107107 107107107 10710710 101010
Xip

Regge fit discussed later



x1p dependence of ¢.b()
LRG daTap ’ ZEUS

= ® ZEUSLRG (M=M,) 62pb™ — Regge fit LRG
g’: oosl 1 poois|  p=0oss|  p=0091] . ' B=0.217 | ”g
[ ]
bo. ° e Seee | e o
b 0 t t t t + + t t t t N
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0.05 | 1 B=0.026 |  (=0.066 | p=0153 |  p=0333 |%
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0 e Sh—— SR : e
0.05 | B=0.014 | B=0032 |  p=0.079 | p=0.180 |  B=0379 |%
° L o oo \M E . .
0 : : : : : : : : : - Rise with X1p
i B=0.016 | B=0037 |  B=0.092 | B=0206 | B=0.419 |% . .
0 005 *w... |& not visible as
(@) ° i 2 ~o-¢-9 g
<5 0 e Sh— SR : e X1p < 0.02
o 0.05 | B=0.021 | B=0.048 |  p=0.117 | p=0.254 |  B=0.486 |%
N ° e ~ee T 8
o ©
0 e Sh— e : e
g 005 | B=0.029 | B=0.066 | B=0.158 | p=0.324 | B=0.571 |
gj o0 oot <eoe “\c.'_' \.. g
. 0 e Sh——- SR e e
= 005 | B=0.038 | B=0.086 |  (=0.200 | B=0.300 | B=0.640 |
g\ (X [P ) PP \N.._.. g
2 0 . e e o :
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XIP

Regge fit discussed later 16



x1p dependence of ¢.b0)
2 " ZEUS

= ® ZEUSLRG (M=M,) 62pb™ — Regge fit LRG
S oosl ] eoos|  pooss|  p-ooo1] . ' =0.217 |
b [ ] e g .\‘\. o P \L‘*.—
0 t t t t + + t t t t
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' & 3=0.079 | p=0.180 | B=0.379
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o 0 : : : : : : - : - : oo
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Regge fit discussed later Xip

16 GeV? 12GeV? 85GeV? 6.5GeV? 55GeV? 45GeV? 35Gev? 2.5GeV?

Q%=22 GeV?

- Rise with xpp

not visible as
xIp < 0.02

-> Wide kinematic coverage
and very good statistical

17
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ZEUS LPS 33 pb™

Regge fit to LPS data

ZEUS

— Regge fit LPS

F.2™ (B,Q2%,xp, 1) =
= frp(xp, T)FPP (B, Q3) + fralxrr, TIFIR(B, Q3),
with fp fir IP and IR fluxes

2.5 GeV?

3.9 GeV?

7.1 GeV?

14 GeV?

40 GeV?

=0.003 B=0.011 B=0.049 B=0.217
o Itl= 0.13 Gev?
[ o 111 =036eve | 1 1 ¢
B=0.004 | p=0.017 | p=0.074 | p=0.302
B=0.008 B=0.031 B=0.127 B=0.441
P
‘i—j—i/é \L,_ii/
B=0.015 | p=0.059 | p=0.222 | p=0.609
B=0.043 | p=0.151 | p=0.449 | p=0.816
BT B
o (]
3 2 - 3 2 -1 3 2 -1 3 2 -
10 10 10 10 10 10 10 10 10 10 10 10
Xip

> Assumption of Regge factorisation works

Q’=

orp(t) = ap(0) + a'pp- T

¥ /ndf = 162/153

orp(0) = 1.11 £ 0.02(stat)

+0.01 -0.02(syst)
+0.02(model)

o= -0.01% 0.06(stat)

+0.04 -0.08(syst) GeV-2
H1: agp' = 0.06 +0.19 -0.06 GeV-2

- IP intercept consistent
with soft IP

- o'pp significantly smaller
than 0.25 GeV-2 of hadron-
hadron collisions

b ~ (X'Ip‘ In xIP
- No strong dependence
of b on xyp (slide 14)

expected from o';p = O "
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ZEUS

Regge f | "' 1'0 _ ® ZEUSLRG (M,=M,) 62pb" — Regge fit LRG
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¢ ~ e 8 X
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10°107 10%10% 10%10% 10%10% 10°%107°
Xip

> Assumption of Regge factorisation works
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\X dC(TC( Z E U S
* ZEUS FPC | ® ZEUS FPCII
- BEKW(mod) Total
B=0.005 [=0.025 P=0.125 P=0.40 P=0.70 P=0.90  P=0.97
0.050 : : : :

Q? dependence of g.b(3)

- 0.005 0.0025 0.0012 0.0006 0.000320.00015

X =006 0.03

0.01

0.02

- Scaling violations of F,°®) up
to high B values : diffractive
exchange is gluon-dominated

> At fixed p shape depends on xpp:

data seem to contradict Regge
factorisation assumption

21
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Regge factorisation: yes or no?

Apparent contradiction:
- Regge fit works within errors for LPS and LRG data
- M, and LRG (see later) show violation of Regge factorisation

-~ Data consistent with Regge factorisation; violation too mild to
have impact on the fit quality

What if we fitted LPS/LRG without assuming Regge factorisation
or M, data assuming it? Not done yet...

22
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0.03) LPS vs H1 FPS
ZEUS

8
3
5
2
‘3 — 3=0.02 0.06 0.15 0.35 0.7
= & _ The cleanest possible
g 2005 |2 mewsmeil e comparison in principle. ..
3 % e S
8 IOOO’O!O o .O.O.O! % !o.d ° O!
2 0 — | ...but large normalisation
+  uncertainties
005/ | | | | |6  (LPS:+11-7%, FPS: +-10%)
1R A LW I B
¢p‘§° 'Q!oh‘d !olﬁ ° !Q Q! i
0 ; ; ; ; ; ; ; ; ; ; ; ; ;
>
0.05¢} 1 1 1 1 } 5 § §
(] o
Qﬁ §: cfé@% !Q!o;ocg{ %!§! Qﬂ 3 i =
0 ; ; ; ; ; ; ; ; ; ; ; ;
0.05 | il é | 1 é | NE
| ; g |3
A w gl wd] Ml
0 L I L

-3 -2 -1 -3 -2 -1 -3 -2 ‘-1 ‘-3 -2 ‘-1 ‘-3 ‘-2 ‘-1
1021010 " 10 %10 %10 " 10 210 %10 " 10 *10 %10 ™ 10 210 ?10
Xip

—> ZEUS and H1 proton-tagged data agree within normalisation uncertainties ”
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ZEUS

® ZEUSLRG (M=M) 62pb? — Regge fit LRG
o 5 LI
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LRG: correction to My, = m, ZEUS

2.5 GeV?

3.9 GeV?

7.1 GeV?

14 GeV?

40 GeV?

Q2

|) r'GTiO LPS/LRG g%\ ° Z!EUS LPS/ITRG B=;)TO-‘ZOAveragt‘afit B=0.0‘65
—
% H | RN G SR D - -
2
(//-)\ 3=0.031 [3=0.098
(al
i R T $--- & !--!--i
> LPS/LRG independent 2 '
Of QZ X1p B ° 0 B:o.oig | B:o.o%s | B:o.fas
ol D LI I N I BSUPIE B
0 : :
[3=0.037 =0.104 [3=0.280
LPS/LRG = 0.76 "‘-0.01(51'01') S T R " 8l 8.3 _ 5.3
+0.03-0.02(sys) +0.08-0.05 (norm) |
- p-diss. background in LRG data: o o e
[24 +-1(stat) +2-3(sys) +5-8(norm)]% l — e R R R i 2
0

- - 3 - -
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LRG: correction to My = m
i) Monte Carlo (PYTHIA) 2 a000f & ()

o

> i
Q 2000

1000

" 2 samples of proton-
dissociative data, one with 0

LPS (“LPS P-DISS") and
one with Forward Plug

» 1
Calorimeter (“LRG P-DISS”) = 08
> coverage of full My o 7 7 7
spectrum e U S l e
0 n n “‘:2 0: wwwwwwwwwwwwwwwwwww
10 10 0 02 04 06 038 1
2 2
= PYTHIA reweigthed to Q" (GeV) B
best describe Egpc and x ¢ 0; o ]
e « ZEUS LRG P-DISS
oal ] o ZEUS LPS P-DISS
0.2 éeeaa¥$ — PYTHIA
0 ‘ ] --- Average fit
107 10
X

—> p-diss. background in LRG data Ry = [25 +-1(stat) +-3(sys) 1%
- consistent with the ratio LPS/LRG
> 25% correction applied to LRG data
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0.03) LRG vs M,
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ZEUS

e ZEUSLRG (M=M,) 62pb™ @ ZEUSFPCI(x0.83) © ZEUS FPC Il (x0.83)

ZEUS

M, data (My < 2.3 GeV) normalised to LRG (My=m,): factor 0.83 + 0.04
determined via a global fit estimates residual p-diss. background in M, sample

e ZEUSLRG (M=M,) 62pb™ B8 ZEUSFPCI(x0.83) © ZEUS FPC Il (x0.83)

8 GeV?

14 GeV?

27 GeV?

45 GeV?

4‘ =

- Overall agreement satisfactory

(3=0.058 3=0.121 =0.312 (3=0.604 (3=0.859
) S
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1 L] 1 %‘ ]
? % .!| ﬁgu 59 ]
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} + ¢ ¢ ° Q’a R
%
ézo.oél T é=0.1é4 é=0.4ﬁ7 é=0.7i4 ézo.gdg
8 SV B
{ 1 % 1 § %'lﬁ 8
é:o.ﬁs T é:o.zél é=0.468 é=0.7ég é:o.géo
& °°°'9 LT § 8
¢ gc:"’z,o
é=0.17‘4 é=0.3£2 é:o.eil é:o.s:h ‘ é:o.gés N
o
1 1 & g
6} I % I § 6% #o‘soQQNg‘
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- Different x;, dependence ascribed to IR suppressed in M, data
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0.0(3) LRG ZEUS vs H1
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- Remaining normalisation difference of 13% (global fit) covered by uncertainty
on p-diss. correction (8%) and relative normalisation uncertainty (7%)

-> Shape agreement ok except low Q2
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0.0(3) LRG ZEUS vs H1

ZEUS
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Time for data combination, global fits!
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Highlights

" Final ZEUS results on inclusive diffraction - same data analysed
in three independent ways:
- Proton tag requirement
- Large rapidity gap requirement
- Shape of the mass distribution of the hadronic final state

" 4-fold differential reduced cross section, measured for the first
time in two t-bins, shows same x;, dependence (a';; = O)

" Proton dissociation background under control
B Consistent results between different methods and data sets
" ZEUS results consistent with H1 results within uncertainties

" Data can now be combined and/or fitted globally!
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W dependence of dodiff/dMys

M, data

> Low My: moderate increase with W and steep reduction with Q?

-> Higher M: substantial rise with W and slower decrease with Q2
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W dependence of dodiff/dM,
ZEUS

M, data
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Fit with BEKW parameterisation
(Bartels, Ellis, Kowalski, Wustoff 1988)

JdMS ; ]
' uffPf‘gD{ ) = byl f‘j;; ‘et teg F :

B ZEUS
FL ~ B~ B)

BEKW(mod): - Total ---(qgq)} ..(qq) -.-(gqg)
T T T T

25 GeV?

35 CeV?

45 GeV? b

55 GeV? N

70 GeV? i

90 GeV?

120 GeV? b

190 GeV? N

320 GeV? i

Xp =0.02
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O X% *x<4r RO

- Fit gives a good
description of the 427
data points FPC I + IT

35



~—~

=)

~~
e

(@]

DISO08 London, M. Ruspa 07/04/08

1.3
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1.2
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Q2 dependance of a

ZEUS]:P

- Regge fit LPS+LRG
i l ()
| A
y:

LI |
® ZEUSLRG 62 pb™

O ZEUSFPC |
A ZEUSFPCII
O ZEUSLPS33pb™

+ b, Lo
+++ t +++H|

10

2
10

Q’ (GeV?)

- 05p(0) does not
exhibit a significant
dependance on Q?
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M, method

W =37-55GeV W =200 - 245 GeV

DISO08 London, M. Ruspa 07/04/08
Events

gy \ !.?,'r‘%*%;}‘
ihd 1 &L.z.’ il
YN e et el

N e

2 2
In M, * (GeV?)

aN . M2

" D, c, b from a fit to data

" contamination from reaction ep - eXN

— Slope(nondiff) ----- Const(diffy —— Fit(diff+nondiff)
71 DJG ] SR+Rhop £Z Sang(My, < 2.3 GeV) * D-PYT-Sang(E - > 1 GeV)

Properties of M, distribution:

%

% - exponentially falling for

< decreasing M, for non-

_ diffractive events

% - flat vs In M 2for diffractive
 events

Forward Plug Calorimeter (FPC):

CAL acceptance extended by 1 unit in
pseudorapidity from n=4 to n=5

— higher M, and lower W

— If MN >2.3 GeV depOSiTS Ech> 1GeV
recognized and rejected!
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So far ZEUS published:

- DESY-05-011: M, 1998-1999 data, lumi= 4.2pb-! , 2.2<Q2<80 GeV?

DESY-04-031: LPs 1997 data, lumi= 12.8pb-!, 0.03<Q?<0.6 GeV2 & 2<Q?<100 GeV?

DESY-02-029: LPs 1995 data, lumi= 3.3 pb-!, 0.17<Q?<0.7 6eV? & 3<Q?<80 GeV?
M, 1996 data, lumi= 6.2 pb-! , 0.17<Q?<0.7 GeV?

DESY-98-084: M, 1994 data, lumi= 2.6 pb-!, 7<Q?<140 GeV?

DESY-97-184: LPs 1994 data, lumi= 900nb-!, 5<Q2<20 GeV?

DESY-96-018: M, 1993 data, lumi= 543 nb-1 10<Q2<56 GeV2

DESY-95-093: LRG 1993 data, lumi=0.54 pb-1, 8<Q2<100 GeV2
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* 2 H1 publications in 2006

-FPS (DESY06-048)

-LRG (DESY 06-049)

DISO08 London, M. Ruspa 07/04/08

FPS and LRG measurements statistically independent
and only very weakly correlated through systematics
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Proton dissociation @H1: ratio LRG vs FPS

;'1'1_4: ® H1LRG/FPS Data ;'1'1_4_ ® H1 LRG/FPS Data
;“11.3_ f t | | ;“11.3_ o
g12p f { J g2 v 1]
©11}| :31.1 -
Z>- 11 ;>- 1F
‘60_9:— ©09|
08;* 08|
07}HH‘ o o 0.7 o
-3 2
o 10 10 Xp 1 10 Q? (GeV?)
£1_4i ® HiLRG/FPS Data ]
PN P } * Data first corrected to M, < 1.6 GeV
g2l [ ¢ I I (corr. factor: -8.6% + 5.8%)
W11
g . H1 LRG /H1 FPS = 1.23 +-0.03(stat) +-0.16(sys)
08| - Proton dissociation in H1 LRG data : [19+-111%
0.7}
102 10”" 3 1

Also study with DIFFVM:
Ratio= 1.15 +0.15-0.08 > [13 +11 -6]%
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Proton dissociation@ ZEUS: summary

=  from direct measurement of the ratio LPS/LRG data (before correction to My = m,;:
ZEUS LPS/ZEUS LRG = 0.76 +-0.01(stat) +-0.03(sys) +-0.05 (norm)
> [24 +-1(stat) +-3(sys) +-5(norm)]%

= from PYTHIA: [25 +-1(stat) +-3(sys) 1%

DISO08 London, M. Ruspa 07/04/08

ZEUS LRG data corrected to My = m, by subtracting 25%

41



Proton dissociation @H1: summary

data corrected to M, < 1.6 GeV (corr. factor: -8.6% + 5.8%)

=  from direct measurement of the ratio between FPS and LRG data (DESY 06-049):
H1 LRG/H1 FPS = 1.23 +- 0.03(stat) +- 0.16(sys) > [19 +- 11]%

DISO08 London, M. Ruspa 07/04/08

=  from DIFFVM: 115 +0.15-0.08 - [13 +11 -6]%

These numbers quantify the background for My < 1.6 GeV
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What about the exclusive measurements?

Elastic p

1!.5 T I

14 [

Ratio ZEUS data/fit to I d
forthcoming H1 data > BT

12
11 [

NN ITLES
Wi o

08
07

06

—> Rho results compatible within errors (except high Q2 maybe)
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H1 tagging efficiency

detection efficiency

detection efficlency
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Proton diss tagging:

Total taggging eff > 60%
for My > 1.6 GeV

— Gorrect up to 1.6 GeV
Elastic tagging:

Total taggging eff > 10%
for [t| > 0.5 GeV?

— Cut at 0.5 GeV?

(from P. Thompson PhD Thesis)
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togging efficiency

.5

OB
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ZEUS forward detector sensitivity
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I FPC tag
| PRT tag
I CAL tag
-
|i|||||||I| I IR I Ll
1 Z 3 2 a 7 & 8

Proton tagging is
more than 60%
efficient for

My > 2.3 GeV
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