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Outline

 Model based searches

— New physics at DIS
* Quark radius
» Contact interactions
* Heavy Leptoquarks

— Lepton Flavour Violation

— Squark production in RPV SUSY
— Excited fermions

— Single top production

 Model independent searches

— Multi-leptons
» e/u channels
« 1 channels

— Isolated leptons with missing P+
— General searches

e Summary

— presented by F.Januschek in plenary session

—
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Model based searches
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Physics search at DIS im0t

ZEUS-prel-09-013

Comparison between measured and expected

o ik
. . > 10 Ry —A~ H1 & NC (prel.) 0.16 fb”
DIS cross section can search for new physics 8 b ey, CTEém o'
modeled by several theories. 2 * o e N el 0o
. - o~ 107
* Quark radius g
. . © 102
- Contact interactions , 3 ¢
] . — see F.Januschek’s talk ¢4
 Large extra dimentions
 Leptoquark searchs "% H1 Preliminary
10° = l o |
e.d.) Quark radius o " Q%Gev)
L, Quark Radius Spatial distribution of the quark charge would
§18 a H1e'p NG (prel) 0.16 fb" reduce the SM cross section at high-QZ.
% . o[ — R=0.65*10""m ® 5 2
B 1.6 SM
> ial —e— H1 e*p NC (prel.) 0.28 fb™ do — do ) 1_R_‘7 2
™ — . Re0.s510"m dQ® dQ’ 6
1.2 A
©
NS
0l H1: R, < 0.65-10"" m
- H1 Prelimi : =
o8- lri"l'l"l"aryl S ZEUS: Rq <0.63-10"8 m
o Q¥ gev?) (95% C.L.)
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Heavy leptoquarks Hiprelim-10-161

ZEUS-prel-09-013

« Scalar/Vector bosons carrying both
Iepton and baryon number' 10 N \‘\‘\ \‘ ‘ T ‘\ \ ZEUS. ‘ZEUS (pr‘el.)e+‘p0.‘25‘fb"1i
. - g§ LT — 8%, M/A=0.94 TeV ]
e Buchmiiller-Riickl-Wyler model: : Vi Wy
— SM symmetry, lepton and baryon number T ’
Conserved 1.‘E Broooncedboaconcas f
i Limits on Heavy Leptoquarks (prel.) # 1
e 7 scalar and 7 vector 1st generationLQs, .~ %W
10?1-17\\\\‘ T T TTTT e ZEUS ep 0.19 fb! E

same final states as NC/CC DIS

_____ V'1- M/)\=1.88 TeV
----- S'; M/A=0.87 TeV

Heavy LQ exchange can be described 1.MM..-.-.....M:;::;;;;g;;;%;j;:‘
by a contact interaction with effective L i o ey L ’

coupling: 5~ 22/ M?,

Q? (GeV?)

H1: M o/A > 0.4 -1.94 TeV
ZEUS: M /A >0.41 —1.88 TeV

depending on the LQ type (95% C.L.)
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Lepton Flavour Violation

* Final states similar to NC events,

replacing e by uor 7. et

— HERA s a unique place to search for LFV
as the signals would be clear, changing

electron flavour in the initial state to muon @,
or tau lepton flavour in the final state.

DESY-11-044

3 Search for Leptoquarks at HERA (410 pb™) 6 Search for Leptoquarks at HERA (410 pb™)
@ °l ® HiData @ Ot e H1Data
e [ H1 = AlISM = - H1 = AllSM
S 7 Myg=150 GeV S 5 7 Mig=150 GeV
LIJ - (arb. norm.) I-IJ - (arb. norm.)
21— 41—
- etq—»LQ-uq - e*q—->LQ-—1q
| 3f- -+
1 -+ 2 '
B _l : :
| E i 1C hd
i "'T"% |f!fI } - -------- ] L1 - L -I Ly I-:L—-l | v v 0
0 100 200 300 400 0 100 200 300 400
M, . [GeV] M, . [GeV]
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Lepton Flavour Violation

* No signal observed, compatible to previous investigation at HERA-I.
* New constraints on LQ are set.

DESY-11-044

Search for Leptoquarks at HERA (410 pb™) Search for Leptoquarks at HERA (410 pb™)
T T T T T T T T T T T T | T T T I T

u_‘_ T T I O"- !
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I - I S E I - S PR e EE—
- | FCad P P _ ] - i &, —— _ |
o W o A=0.3 o AW Fr A=0.3
| il F=0 i S it F=0 _
<SHM0E ¢ i e S [ 1) S e
- ;'j.f/ e’q—->LQ-pq ] N "':::ﬁ' P e*'q->LQ->1q, ]
i 9 j’ ~ ] i '.':,'s by . ]
102 O === 8, () = 102F .77 - e VE (€ d) -
F e 8L, (£'0) - el A :
oo eee SR (U L) L~ SEERAA AT -
10°0 . G 10°F | Toveute S
200 400 600 200 400 600
M, o [GeV] M q [GeV]
For xeq=xuq=o.3 and xtq =0, For xeq=xrq=o.3 and qu =0,
M, q > 304-530 GeV depending on LQ type M, q > 272-450 GeV depending on LQ type
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Squark production in RPV SUSY

 In R-Parity Violating SUSY, squarks can couple e ) M
to electron and quarks via Yukawa couplings A'. X - 2 o N
* Final states ;
e d

— lepton + quark (DIS-like)
— quark + gaugino (i.e. multi-jets event)

N N
. ep data are sensitive to down-type squark, while 49 ‘
e*p data to up-type. ' X\/ <

— See F.Januschek’s talk for up-type squark result. Xtk S gt
MSSM mSUGRA A 11,=0.3, tanp=6, 1<0, A,=0
3 'FH1 = [ HT [ cmeatoren:
< [ e'p 183pb™* (I2I 150__ ep183pb’ [] excluded for k=3
- i &lo o\ o at 95% CL
= deda"‘3 = F
TSI Gy E
E ______ = : x'}x'i'ccw
_______________ e
102l B 0e o0 Gev
e 70 <M, < 350 GeV
[~ Mqiopton= 90 GV
B M, > 30 GeV
EurPhys.J. C71 (2011) 1572 Euu 1oy oo, | 8 not allowed
100 150 200 250 0 100

I\/I(down-type) < 290 GeV excluded quuark [GeV]
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Model independent searches
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Multi-leptons

At least 2 isolated high-p; leptons (e or u) are looked for.

* The main SM process: : c
-> v-y interactions

 very precisely calculable

— Deviation from SM would be
indication of new phenomena.

« H1 and ZEUS combined their results. (i.e. L=0.94fb-1)

« Searched topologies : ee, eee, eu, 1, euu
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JHEP 10 (2009) 013
Multi-Leptons at HERA

® H1+ZEUS (0.56 fb)
E=sm

SM Pair Prod.

.

2 [ il 1
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Multi-leptons

Distributions of the scalar sum of the two highest P+
leptons are in good agreement with SM.

All high py/mass events observed by both experiments
originate from only e*p collisions...

Differential cross section for the highest P lepton and
the invariant mass has been also extracted.

Multi-Leptons at HERA

1 -1
sl @® H1+ZEUS (0.94 fb™ sl 0 @® H1+ZEUS (0.94 b
8 SM Pair Prod. 8 SM Pair Prod.
1
3 10 ep—eltl— X -~
o P} >10GeV, P2 > 5GeV 'g_ 102
- —a— 20° < 642 < 150° =
< - 102 DA% > 05 NS
% —— Y <082,Q2<1GeV? %
— — 3
@) b 10
T T
10 10
10 15 20 25 30 35 4£0 45 50 20 30 40 50 60 70 80 90 100
1
PT [GeV] Mgg [GeV]
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Multi-leptons: tau channel

€

e -

e+ v+
ei+h$+vf+---
LR v +-

@+h++v +-
-

T

c~ 10 pb (P;*> 5 GeV)

There are many kinds of large background...

e.g.) diffractive photoproduction
0~300 nb (2 jets w/ E;>4 GeV)

The most difficult/important thing

(BR:
(BR:
(BR:
(BR:
¥Hadrons from t decay is identified by "jet”.

=» separate a 1—jet from quark/gluon induced jets

also looked into tau channel...

~6.8%)
~23%)
~22%)
~42%)

e(k)

p(P)

(Other topologies could not be distinguished
P from di-electron and di-muon process.)

L
v

p(P")
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Jets

Jets

Jets

tau—jet ID for T channel analysis

JHEP 02 (2011) 117
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6 variables are prepared for discrimination
from QCD-jets.

R R, ..

ms - 1stand 24 moment of radial

extension

~{Ei ) Ri}
Ry =(R)= ZZZ—E

mean?

N Zi E, (<R> N Ri)2
} Zi E"

M : invariant mass of clustered CAL cells
M, = \/(ZEi)Z ~Qp) - p,) ()
1st moment of longitudinal extension

Zi E. -cosa,

L/,
Zi Ei v =

rms

L :

mean

L __=(L

mean

R« : The sum of distance between the jet axis
and the tracks associated with the jet

R, = ijrk \/(A 771'2 + A¢i2)
Number of subjets (y. =5 X 1074)

Nsubj :
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tau—jet ID for T channel analysis

JHEP 02 (2011
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Multi-leptons: tau channel result

JHEP 02 (2011) 117
One of jet-jet event

« /EUS selected 25 ditau events E
with 67% purity, in 0.33 fb-"

% o
— One of the most difficult to select 2 ( :
in HERA { E

*

p = 6.9 GeV

J ik
p=7.8 GeV
« No surprise at high mass and
high total Py. ZEUS
— Cross section in the kinematic region g T @ R
pr(t) > 5 GeV and 17°< 6(1)<160°  § 3/ PERT LW
for both < = 14;— 1 = 16;- £Z vv - t*v (GRAPE)
| -l
o=3.3%13(stat) *); (syst)pb g | ]
6 ; 43
(SM ¢ =5.67+0.16 (theor.) pb) ‘ 1
00 10 20 30 40 S0 (;0 00 10 20 30 40 50 60
Visible (G eV) ZP‘T’liltble (GeV)
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Isolated leptons with missing P;

e €
» Look for events with isolated leptons
and missing P+ . Large P
— ics?
. Rare process (oxBR~0.1pb) j new physics?
but sensitive to new physics Y/z q 7,
— Main SM process : single W production H
with subsequent decay W —1v.
X X W
- A
M | v

An excess at high p* could be a sign of new physics.

— single top production via FCNC etc. u
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Isolated leptons with missing P;
« H1 and ZEUS results were combined. > L ~ 0.98 fb1

‘% e H1+ZEUS (0.98 fb)
« For PX>25GeV, i

1025_ — SM

SM Signal

— No excess in e'p data

In e*p data, 23 events observed

10
while 14.0£1.9 events expected

_l_
//////

10 1 1 1 I A
0 10 20 30 40 50 60 70 80 90 100
P} [GeV]
% e H1+ZEUS (0.59 fb) *2 e H1+ZEUS (0.39 fb™) JHEP 3 (2010) 1-19
e | ep == sm o ep == sM
w10°F SM Signal w10%E SM Signal
10{'/ 1o:l
. %?
1k / I 1k ‘?
il /M N b 17 M 2l
0 10 20 30 40 50 60 70 80 90 100 100 10 20 30 40 50 60 70 80 90 100
PX [GeV]
2011/5/26

PX [GeV]
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Summary

« Searches for new physics in ep collisions have been performed
by the H1 and ZEUS collaboration with the full data sets of
~0.5 fb™! per experiment.

— Some results have been combined, corresponding to an integrated
luminosity of ~1 fb-".

« Good agreement with the Standard Model — No sign of new
physics at HERA is observed.
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27.6 GeV

Halle WEST (HERA-B)
Hall WEST (HERA-B)

920 GeV

—— Elekironen / Positronen
Electrons / Positrons

Integrated Luminosity (pb™)

« HERA-I (1992~2000) : L~120 pb~'/exp.

« HERA-II (2002~2007) : L~350 pb~'/exp.
— luminosity upgraded
— longitudinally polarized lepton beam

— detector upgrades —> ~0.5 fb~1 data for each experiment!

600

500

400

300

200

100

0

* located at DESY in Hamburg
» Two collider experiments: H1 and ZEUS

HERA delivered

LER/MER
HERA Il e*

HERA Il e

L L L L L ‘ L L L ‘ L
1000 1200 1400
days of running

L ‘ L L L L L L L
200 400 600 800
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Quark radius o

ZEUS-prel-09-013

 Spatial distribution of the quark charge ) Quark Radius
. NG i
wpuld r2educe the SM cross section at S8 & HiepNC (prol) 016 "
high-Q-. £ 460 — R=0.65"10""m *
- dO'SM Rz 2 % » —e— H1 e'p NC (prel.) 0.28 b
= 11-—L0? B | — R=0.65*10"
a0 ag" | 6 ° g1 "
1
R? : root mean square radius of the electroweak 0_3; o '
charge distribution in the quark. " H1 Preliminary
« Good agreement with SM expectation 10° 0% Gev?)
- Limits are set using full HERA data ZEUS
assuming electron as point-like w0l 0 @ 2EUS (prel e'p 0.4
(~440 pb-' for each experiment.) N Sl N S e :§= ((223 ':g'_wcm))z
Z o | s I a=-(0.57 10" cm
H1: R, <0.65-10-"® m e f
ZEUS Rq < 063 . 10-18 m 1 ;‘-“‘M'Q‘O-.-C-Q-Q*.*MO-MH-OH-ﬂs.u:ﬁ:ﬂi:ﬁi _____4___+.--__
(95% CL) Quark Radius Limits (prel.) 1
10° 10* @ (GeV))
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Contact interactions o

ZEUS-prel-09-013

 Modifications of high Q2 cross sections
via virtual effects.

e e

A>>\E

 Vector type as additional term to SM

by H1 and ZEUS:

H1: A>3.7-7.4TeV
ZEUS: A >3.8-8.9TeV

. . - . . 0.
depending on 19 models with different helicity Y .
4
structure (95% C.L.) 10 1°Q2(Gevz)
2011/5/26 J.Maeda - Searches for new physics in high energy ep collisions 22

- VWW,A'=74TeV
20 Z

Lagrangian:
q=u,d _ B q q
Ly, = D nh@r.e)@r"q,)
a,b=L,R Search for General Compositeness
where o %
0l =4/ N Z1a 4 tepNo 0o
. b el VV,A = 7.4 TeV ®
 No deviations from NC DIS seen 3™ " ii'eo N (prol) 0.28 - /
T 1.4~ — VV,A*=54TeV
S
S 1.2

N

0.8~ N
6

-—
I [T
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Large extra dimensions ..

Space time is 4+n dimensional.

 Virtual graviton exchange contribution

to eq—>eq scattering described by
contact interaction with effective
coupling: e

=

do/dQ? | doSMdQ?
b R O @ N

=Y

H1: Mg* > 0.90 GeV, Mg > 0.91 TeV
ZEUS: Mg*, Mg > 0.94 TeV

o
=)

independent of n (95% C.L.)

Effective mass scale Mg can be ~1 TeV.

m-10-161

ZEUS-prel-09-013

ADD (Arkani-Hamed, Dimopoulos, Dvali) model:

The gravity can propagate into extra dimensions.

Search for Large Extra Dime

nsions

-t
Tl T 1

o
(=)

- —— H1ep NC (prel.) 0.16 fb™
00 A=+, M_=0.90 TeV

A=A, M: =0.91 TeV

"I —e— H1e'p NC (prel.) 0.28 fb"
— — . 2=+1, M_=0.80TeV [

- —— A=, Ms =0.91TeV O

VL oL L,
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Lepton Flavour Violation (e->u)
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- H1
N \9 R —“__‘::-':;;:n:rl- ot M W
B 6° ‘‘‘‘‘‘ P
| 66 f""“. e i
N\ s
< Ly =
| ¢F i} F=0 ]
g i/ 3
[ ’ / N 3
B A e'qoLQ-opg,
s
[ < l’ m
A e, ~L "
= S 8, (d) .
- KRS L . 3
C x'::"“:' e Syp () ]
:“:“: ::’ --— s1RI2 (Z*u’ e+d) ]

Search for Leptoquarks at HERA (410 pb™)

600
M, q [GeV]

- oV —-
F H 1 g™ sraonad
- &2 B T il
B > Aty -_ ]
R
= o\\) " t// — .
— 6* ’ F = 2 —
Z , E
- ’ -
g , E
- i e'q->LQ-opq, ]
- "Q'Q' =
s ~ememe S (0)

E_ o:‘::"/ ° é
- ,sf:f"/ -= SR(€u) .
:\”'// ~R 1

- - - so (48 d) -

IIIII \P,:

— =8t (lu, E'Icl)

400

600
M, [GeV]

o
L 1
i

-
(<:$. 1 0-1

UF
S 1
]

UF
(<3. 1 0-1

102

103

"y T
606 T ‘-ﬂ__ ————
& ST FD
|— 'S - —]
E l::' "/ 3
- ” 'l/ + .
¥ Eap e'q->LQ-pnq, ]
- 5 l' B
0

- ROy === Vi (£5d) -
= "O’} '0 =
F . —m VR(£4d) ]
R 0 3
- ""’:"’¢' / ~R L ]
L 2 P [ep—— -

s Vol£'u)

Search for Leptoquarks at HERA (410 pb™)

H1 %
&

e~ — =Vt 'y, El*d)

Search for Leptoquarks at HERA (410 pb™)
. . — — .

600

M, q [GeV]

= v =
EH1 :
Z ¥ B ot bl
T S ey -
L F=2 _
: i 1
- oy e'q,~>LQ-nq, ]
5 S J
S 2
o4 ~Lo -
= & ”(/ = Vi Cu) =
- R ——, L ]
F o Vi, (€d) :
- “" , -5
::‘—‘:;3“, === Vi €y, £d) ]

J.Maeda - Searches for new physics in high energy ep collisions

600
M, [GeV]

400

DESY-11-044

24



eq,

T
[
<

eq,

‘Eq1

<

2011/5/26

10"

102

103

10"

102

10

Lepton Flavour Violation (e—>1)
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Multi-leptons

Multi-Leptons at HERA

Distributions of the invariant mass of

epp ® H1+ZEUS (0.941’0'1)
= SM
10°E SM Pair Prod.
10k
1 .
10"E % Z
1025""20" 40 60 80
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M,, [GeV]

the two highest P+ leptons for each
topologies are in good agreement
with the SM.

Multi-Leptons at HERA (0.94 b~ 1)

M5 =100 GeV

Sample Data SM Pair Production (GRAPE) NC DIS + QEDC
.."é 10°E Hp ® H14ZEUS (0.94 ) ¢ p collisions (0.56 fb=1)
o o s Pra ce 4 1.68£0.18 0.94 £0.11 0.74 £0.12
L 10°F JLfL 1 0.32 4+ 0.08 0.32 4+ 0.08 < 0.01
10 el 1 0.40 £ 0.05 0.39 £0.05 < 0.02
: eee 4 0.79 £ 0.09 0.79 £ 0.09 < 0.03
1E — €pupl 2 0.16 £ 0.04 0.16 £ 0.04 < 0.01
; A e~ p collisions (0.38 fb=T)
0 ee 0 1.254+0.13 0.71£0.11 0.54 £ 0.08
102 pgab e JLpL 0 (51.23 4+ 0.10 0.23 £+ (;P.ID < 0.01
M, [GeV] e 0 0.26 +0.03 0.25 +0.03 < 0.02
he eee 0 0.49 +0.07 0.49 + 0.07 < 0.03
et 0 0.144+0.05 0.14 £ 0.05 <0.01

J.Maeda - Searches for new physics in high energy ep collisions

All high mass events observed by both experiments
originate from only e*p collisions...



Multi-lepton (H1 : ZEUS)

Multi-Leptons at HERA (e 'p, 178 pb™)

ZETS H1 © HiData
qc, == AllSM
Pair Prod. ZEUS
2+3 leptons | o, e | g @, 3 | |
E - * -1 . EIO ° E
4 S .. *ZEUS480pb” | 9 I NCDIS -
_4 =107, TotalSM = Rqg2, | | - QEDC _
[ E . g ™ Di-t -
S 1 | (] y
10-2 7 )///// 1 ? """ ‘- n.--i 1 [ 3 1 ............ ! ¢ ) 3
0 20 40 60 80 100 120 140 160 180 N 1 " ]
Y PT [GeV] 10 = ? 10 £ i =
Multi-Leptons at HERA (e*p, 285 pb) 20 5)
‘ﬂ . 7D 10 s \ \ 10 fi \ \ 1
2 10° H1 _° ™o 0 50 100 150 0 50 100 150
g ) Pair Prod. M., (GeV) zl)l (GeV)
LL 10

2+3 leptons
10

1

-2 L1444 LA
10°9 20 40 60 80 100 120 140 160 180

> P, [GeV]
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t—jet ID@ ZEUS
1—=ID using PDE Range Searching (discriminant)

- Generalization of one—dimensional PDE approach to n dimensions

— Counts number of signal and background events (training sample) in *vicinity” V
of the test event

— Implemented as PDERS in TMVA (one of toolkit in ROOT)

A
X2
Signal
( Discrimination value #Ziinal events in V { #all signal events
. nS(’event’V) / NS
D(’eventiv) = . / + - /
nS(Ievent’ V) NS nB(’event’ V) NB
j f background
#background events in V
#all background events >
oy
test event

suggested by T.Carli, B.Koblitz.
NIMA501(2003)576

2011/5/26 J.Maeda - Searches for new physics in high energy ep collisions 28



Isolated leptons with missing P;

JHEP 3 (2010) 1-19

g . 8 F ) 2 F -
= e H1+ZEUS (0.98 fb) c [ e H1+ZEUS (0.98 fb*) t 50 e H1+ZEUS (0.98 fb)
4 40 == sm e ., == sm g C J == sm
i 35 SM Signal w10°¢ SM Signal w b SM Signal
r 40—
30 i '='=’ 7 s T
25 105 : y 30F
20 E :
10 e i
o i |—+— : 7 10
7/ 14 111////;%;1 [ 10.1-””11 (B // - / ////=F »
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100120 140 160 180 200
6, [deg.] P{[GeV] ME' [GeV]
30 C
*'3 r e H1+ZEUS (0.98 fb) *3 C e H1+ZEUS (0.98 fb™)
9 r == sMm o —
> 25__ ) > 102 - .
11 F SM Signal 1T} 3 SM Signal
20 i
r - &
Ll
- i 10 |
+ ' ; 4
- —o| i -
107 ,__l—, L \
7 £ =
/ / / -
v AL WA NAAANAA { { f i
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Isolated leptons with missing P;

JHEP 3 (2010) 1-19

H1+ZEUS Data SM SM Other SM
1994-2007 e=p  0.98 fb~! Expectation Signal Processes
Electron Total 61 [69.2 £ 82483 = 74129 £ 3.2
PX>25GeV | 16 |13.0 £ 17100 + 16| 3.1 =+ 0.7
Muon Total 20 1186 £ 27| 164 £ 26| 22 £ 05
P > 25 GeV 13 | 11.0 = 1.6 98 &+ 16| 1.2 £ 03
Combined Total 81 | 878 =+ 110|647 £+ 99231 + 3.3
P& > 25 GeV 29 1240 = 32197 £ 31| 43 £ 08
HI1+ZEUS Data SM SM Other SM H1+ZEUS Data SM SM Other SM
19982006 ¢ p  0.39 fb! Expectation Signal Processes 19942007 e*p  0.59 fb! Expectation Signal Processes
Electron Total 24 306 +£ 36194 £ 3.0|11.2 £ 1.9 Electron Total 37 |386 £ 47289 = 44| 97 = 14
P > 25GeV 4 56 £ 08 40 4+ 06| 1.6 + 04 P > 95 GeV 12 74 £ 10| 60 £ 09| 1.5 £ 03
Muon Total 1 74 £ 11| 66 £ 10| 09 £ 03 Muon Total 16 |11.2 £ 16| 99 £ 16| 1.3 + 03
PX > 25 GeV 2 43 £ 07 39 £ 06] 04 £ 02 P > 25 GeV 11 6.6 £ 1.0 59 4+ 09| 08 £+ 0.2
Combined Total 28 | 380 £ 34260 £ 34120 £ 20 Combined Total 53 | 498 = 62388 £ 59111 £ 15
PX>25GeV || 6 |[100 £ 13| 79 + 12| 21 4+ 05 PX>25GeV | 23 | 140 £ 19| 118 £ 19| 22 £ 04
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W production measurement

JHEP 3 (2010) 1-19

» Cross section for single-W production is also extracted using
H1+ZEUS combined data.

* The total single-W production cross section is:
1.06 £0.16 (stat.) +0.07 (sys.) pb

with good agreement with the Single W Production at HERA
SM prediction of 1.26 £0.19 pb.

102 e  H1+ZEUS (0.98 fb™)
SM

 The differential cross sections,
in bins of hadronic transverse
momentum, are also extracted. - ;

0 1o 2o 3o 4o 5o so 7o so 9o 100
P} [GeV]
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