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Overview

Situation:

Gflash hadronic lateral shower profile was tuned in the past for
p=0...2.5 GeV/c using minimum bias data.

For p> 5 GeV/c we still use H1 default
Good tuning at ~10-20 GeV advantageous for various physics analyses

This talk:

Study single track response using jet calibration data (>7M events)
Structure of hadronic E/p profiles

MC performance for particle momenta 3 —24 GeV (central part only)
Which data / energy points are useful for tuning?

Plots shown here reflect quality of parameter tune currently used by CDF
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Data Samples

® Jet calibration data
gjtc0d (5.3.3_ nt) ~6.2M
gjtc01 (5.3.3 nt) ~1.3 M

® Single track MC MC plots shown are based on
FAKEEV (5.33.n)~9.6M | (oo e (for now

Requirements (central part):

data |[MC
Nvertex = -
Z,, ] <60cm| same
|Z,| <60cm| same
d,| <lcm |same
7X7 is0 yes same
CESiso yes same
COT stereo, axial:
tower 0-5: >30 >30
tower 6-8: >30 >25
SVX axial: -
tower 0-5: - = A
tower 6-8: — 4
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Track Quantities

gjtc0i (1309987 events)
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Track Spectra
gjtcod gjtc01

gjtc0d (6466240 events) gjtc01 (1309987 events)
10° all tracks (340211880) i — all tracks (40975929)
---- sel.tracks (6747462) A sel.tracks (351470)
10
10°L
104%
: 10?
10°E i
i T 10
10 e i
P __ 10 +
e oo alganalaaaailagws lpmgs AP BN S A S 1IIII
1o 5 10 15 20 25 1o 5 10 15 20 25 0 5 10 15 20 25
track p/GeV track p,/GeV track p/GeV
10 Selected isolated tracks (tower 0-8):
wsf_ p/ GeV gjtc01 gjtcOd FAKEEV
: <2 285068 780776 —
10°k 2-3 13497 43122 0.8 M
£ 3-5 4264 50178 1.6 M
10E 5-8 10534 73816 24 M
sf ' 8-12 31674 26018 1.6 M
10 ; | 12-16 5255 4151 1.6 M
ok o : 16 — 24 1038 823 1.6 M
; >24 140 124 —
10 3 10 ;— :
e IR R R ooy, @ Additional cuts are applied

ull ' tower

depending on signal definition
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Lateral Shower Profile in Gflash

Lateral shower profile: 5 R -
E: energy of incident particle flr)=——=, f f(rydr=1
x: shower depth r + R, )
r: radial distance from B
F?Téwirlgzn;irrmal pdf (Ro(E,x)) :[Rl :F‘(R?_”R; logE).x.]‘x‘
o\E:X) - 10G- Lo .
n=1(2) for HAD (EM) showers UROI“[(SQT 5‘219g.E)(53+§4x)]<Ro(E’X)>

.
ST e e

® gpread of shower increases with shower depth
and decreases with energy of incident particle

e tuning parameters: R, R, R,S,S,S,, S,

xfslateral p=4.9GeV/c xfslateral p=5.1GeV/c
Current parametrization 281 I
p<5GeV/c: (tuned with MinBias): 2 -
R,=0.49, R,=0.407, R_=0.065 NitE

| Tl
=y N [7] S 3] a

p>5GeV/c: (H1 default):
R=0.0149, R =0.407, R =0.061 *

: LAMA
BT 0s s
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E/p Signal & Background Definition

EM HAD EM HAD
Signal 2x2 blocks  3x3 blocks ﬁz

Backg 2x far strip  3xfar strip
X extrapolated track impact point X X

signal contribution

background estimate

® Tracks are extrapolated to CES/PES
for both EM and HAD compartment >

* Impact point must be well contained
(0.9x0.9 in ™, 0™ from target center)

XN EM and HAD X

Signal transverse 1x3 stripes
Backg 1.5 x ( far block + near block ) i

* Each block has its individual background contribution %

® For n (¢) profiles we demand track impact point to be -
within 60% 0™ (n™) strip w.r.t. block center 4 0 0 2 4 0o
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E/p (sig,bck), central
" @®gjic0d 5.3.3 'nt (494815) ' EM
4 Ogjtc01 5.3.3_nt (177989)
0.8F[JFAKEEV 5.3.3_nt (5652847)

E/p (cor), central

- ..Ig'j:t;:dd' 533 'nt (494815)
Ogjtc01 5.3.3_nt (177989)
0.8L1FAKEEV 5.3.3_nt (5652847)
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(E/p) vs. tower (3-5 GeV)

E/p (cor), 3GeV<p< 5GeV

- @ gjtcOd 5.3.3_nt (40740)
0.9 F Ogijtc01 5.3.3_nt (3466)
0.8FJFAKEEV 5.3.3_nt (1298570)
0.7k
0.6F
0.5k
0.4F
0-3-‘3:%%:&:
0.2k
0.1k
ot 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
tower tower tower
(MC-data)/data
0.2
llIIIl.llI llIIIIllIIIIIlIIIlIIIIIl IIIIIIIII LILALEL
015l @9itc0d 5.3.3 nt | +0.032+0.006 |
0.1 3
——4
0.09E essven T 3
-[{I—+— -------- 5-_ --—+— ) i
-0.0% | 3
0.1 ; 3
-0.15[- 3
-0.2 . <0,
0 1 2 3 4 5 6 7 8 9 10 D 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
tower tower tower
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(E/p) vs. tower (8-12 GeV)

E/p (cor), 8GeV<p<12GeV

- @gjtc0d 5.3.3 nt (21272)
F Ogijtc01 5.3.3_nt (25672)
0.8FCIFAKEEV 5.3.3_nt (1304248)

07k
0.6E

0.2F
0.1F
ot 0 :
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
tower tower tower
(MC-data)/data
O'2l|||||.|||ldllIIIlllllllllllllll|||5|||||IIIBIII 0.2lllll””llllIII'llIlllllllllBI"éllllbIIIBllI' 0'2 lllllllllllllllll”IIIlllllllBI'l'{“IlH”‘d””E
015_.gltc 533_nt +0.0 9-_|-0.0 8_ 0.15F = .0 9‘_" .0 7 = 0.15F - .0 4i .0 5__
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'f"f”_"f"_’ s dridactocazganad -UH----- ---- et frgE e '0;:::::':33._::::::‘.'*:':_:*:_::...._
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tower tower tower
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(E/p) vs. tower (16-24 GeV)

E/p (cor), 16GeV<p<24GeV

1 1
. @gjtcOd 5.3.3 nt (664) E
0.9E ~ . 0.9k
E Ogjtc01 5.3.3_nt (843) :
0.8F[JFAKEEV 5.3.3_nt (1289518) 0.8F
0.7k 0.7k —«L—
: F—
0.6k 0.6F
o -L}_ —
0.5F 0.5F
0.4f 0.4k
0.3k 0.3F
0.2k 0.2k
0.1k 0.1f
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tower tower
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Lateral Profile Coordinates

® What we measure is E/p vs. track impact point using local tower coordinates

rel: ¢_<¢mm+¢mtn)/2 nrel: n_<nmax+nmm)/2
<¢max_¢mm)/2 (nmax_nmm)lz

n™", ™, 6™, ¢™: boundaries of the target tower

¢

E./p E./p E/p E/p E/p

-2

-1

5 3 0 -1 0+l +3: +5 n™ or ¢
_4—P —2—p p +2_p +4_p

® Convention: negative values face towards center, positive values towards plug
® One track gives 5 entries in profile histograms shown

e "™ ,0™ is NOT the quantity r of the shower profile formula f(r) !
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Structure of Lateral Profiles

gjtc0d, EM, tower 3, all p

— +

EM

® Profiles are not symmetric in
» sign convention — we do not average forward/backward contribution

- misalignment of shower cone axes w.r.t. tower boundaries caused by tracks from

displaced z vertices
® HAD profiles are more asymmetric than EM profiles

~ cone extrapolation from CES /PES to inner HAD surface enhances
misalignment effect

Extreme asymmetries can produce kinks at n'=-1
® Profiles are symmetric in ¢

Pedro Movilla Fernandez
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Structure of Lateral Profiles (2)

|deal vertices:

rel

-1 +1 N
m V2 E%
2 E/p
EV

; - —
h . .
, '/ //’ //’
’ ’ /, ,/,

| Shifted vertices:

-1 +1 n*

r - R
O zvert 0 0 vert
® Symmetric scenario ® Asymmetric contributions from tracks
= E/p smooth at n"*'=-1 withz <0,z >0:
® E/p(-1)=E/p(+1)= V> E/p(0) ® Shower I has larger path length trough
: rel_ i EM than shower II
(if shower at =0 is fully
. . = E (HAD)>E (HAD)
contained in target tower) I 1
® Explains both kink at n*'=-1 and gap
at n"'=+1
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Data

HAD/p by 1 ( all p): ieta 22 (tower 3)

0.2

0.18

0.16
0.14

0.12

0.1

0.08

0.06
0.04
0.02

+

- beam line
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Structure of Lateral Profiles (3)

HAD/p by 1 ( all p): ieta 29 (tower 3)

0.18
0.16
0.14

0.12

0.08
0.06
0.04

0.02 | |
0 %-'TI-;-'-I-I-'-l-I-I-;-I-I-I-I-I-I-'T'-I-'-I | | 1111 §| L 111 | | I il 1111 I +|-'-|-|-|"Th-|-|-l-|"'|+r--|+
26 27 28 29 30 31 ieta

0.1

Clearly enhanced kink structure, according to expectation.

>

vertex

+ beam line
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Structure of Lateral Profiles (4)

MC Requirement: z <0, z <0

HAD/p by n ( 5.0<=p< 8.0): ieta 22 (tower 3) HAD/p by 1 ( 5.0<=p< 8.0): ieta 29 (tower 3)
0.5 - | 3
I t 0.45" S
B s c | L
i 0.4 g
0.4 + Y C |
B : 0.35 :
- | 0.3 |
0.3— o+ - |
i 1 0.25F +
' C [
i * - :
0.2[- . 0.2 §
- ; 0.15[ Lo
0.1 T 0.1 .
- - T 0.05- - -
0_|||||IIIIJ—I—A—H_'_|_|_|\§|\|\|||||\§||||||||_|_|_'—|—|_|_A_||||| 0:lllll_ll_lJ—b—c—l_I_rl_l_I\“\|\|||||\3|||||||_|_|_|_|—|—|—4_4_|_||||
20 21 22 23 24 25 26 27 28 = 29 = 30 31  jeta
—60cm 0 ZVertex

- beam line center + beam line

Extrapolation effect also present in details of simulation.
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Structure of Lateral Profiles (4)

Requirement: |z |<10cm

HAD/p by 1 ( all p): ieta 22 (tower 3) HAD/p by 1 ( all p): ieta 29 (tower 3)

0.2 0.2 i i
0.18" | }l 0.18 H}[
0165 1[ }l 0.16 HH[ wl
N i
0.120 ]Huf 0.120

010 ? H 015 Jrj[ ]l
0.08" | Jf 0.08] Jf
0.065 | J”r 0.06/ {
0.04 T ‘ 0.04- +++ Jr+
020 o 3 0.02- 1[ 3 3
i 00 ot ffm*Tth.Jr.Jr. .+| Ly | ol ‘§| Ly .+| .+.-|-.+.+|+.+.'"m*1+.+m+ oim*'.'lh .Jﬂﬁfjrl{r.tﬁ L | NN .+.+|+.+.+.+.+r*.'|'.’ﬁ+qﬁ+m+w
- 20 21 = 22 23 24 25 26 27 28 29 . 30 31 ieta
‘ ‘ b >
—10cm +10cm

vertex

- beam line center + beam line

Less overlap to adjacent towers,

much smoother transitions, more symmetric profiles...
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EM/HAD Track Extrapolation

CES/PES extrapolation vs. HAD inner surface extrapolation

gjtc01, index mismatch (west) gjtc01, index mismatch (tower 0-8)
0.9F

0.8
0.7E-

0.6F

%oy,,05 \\ L :
"’ ” =
€y, 0 = ST jon 0.1F

)~' ] 0
Ifowfloy:-'l 345 O:IIIIIIIIIIIIIIllllIIIIlIIIIII
Q150 -1.5 -1 -05 0 0.5 1 1.5
itow(EM)-itow(HAD)

Tower 0-8: ~ 10% mismatch (mainly due to z vertex displacement)
Big effect in crack region

® How to handle starting point of hadronic shower in EM?
EM has ~1 absorption length
By requiring minimum EM deposition we consider hadronic showers starting near EM surface
— Good for unambigous impact point definition but we loose ~1/3 statistics
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E/p lateral (central, 3-5 GeV

E/p (sig,bck), central, 3GeV<p< 5GeV
0.5

@ 4jtc0d 5.3'3 nt (25477)
O gjtc01 5.3.3_nt (1176)
[]FAKEEV 5.3.3 nt (700321)

E/p (cor), central, 3GeV<p< 5GeV

@ 0jic0d 5313 nt (25477)
O gjtc01 5.3.3_nt (1176)
] FAKEEV 5.3.3_nt (700321)
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E/p (sig,bck), central, 3GeV<p< 5GeV
0.5

@ 4jtc0d 5.3'3 nt (25192)
O gjtc01 5.3.3_nt (1154)
[]FAKEEV 5.3.3 nt (698028)

4

¢

x|

@ 0jic0d 5313 nt (25192)
O gjtc01 5.3.3 nt (1154)
] FAKEEV 5.3.3_nt (698028)
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E/p vs. n"® (HAD, 3-5 GeV)

E/p (HAD, cor), 3GeV<p< 5GeV

@ gjtcOd 5.3.3_nt (5330

900 CraCk DZ?:[]F’AKEEV5.?:3;&(;22923)
N:_ [z]=] E’
0. i Dé

?E
x|

@ (5418) " @ (5254)
-] (122264) 4EC] (121963)
(i

tower 0

222

@ (4272)

® (31
0.4EM (117043)

)
-] (111626)

0.35F
0.3 ++
0.25F D}

@ (1386) ® (1533)
4[] (96743) 0.4F[] (82729)

F 0.35
.3 0.3

crack region

L]

Kink at n*'=-1 is much more pronounced in data than in MC!
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E/p vs. n® (HAD, 8-12 GeV)

E/p (HAD, cor), 8GeV<p<12GeV
P Rl RRERE Sl Rl B2027 BERES R R b B

| @gjtc0d 5.3.3 nt (1114) ' tower 0 ‘@ (1243) | " fower 1] @ (1567) tower 2]
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|
ﬁ b
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¢E’ ] e ]
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M=l =1
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04f §++ ] :
0.3F +ﬂ1 — 03} " ﬁi .
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M=l mmll el
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=IO (98058) Eﬁ] ] IO (83276) ] ~FO (559088) ] Crack reg|on

(%))
(%))

0.4

o
;l}*# H

0.1}

Pedro Movilla Fernandez 21 JER Group Meeting May 25, 2005



E/p vs. ¢ (HAD, 3-5 GeV

Pedro Movilla Fernandez

E/p (HAD, cor), 3GeV<p< 5GeV
05

@ gjtcOd 5.3.3_nt (5243 tower 0
FCJFAKEEV 5.3.3_nt (123011)
04F

P #

0.25F ¢+ ]

@ (4170)
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04F
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E/p vs. 0 (HAD, 8-12 GeV)

E/p (HAD, cor), 8GeV<p<12GeV
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® (25477)
0.45EM (700321)

]:IFAKEEV 5 3 3_nt (337921)

@ '(1103)
0.45F (705430)

[ (694524)
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: _E/p_(H;kD,_ co;), central

| 05
| 045
0.4

0.35f
0.3f
0.25f
! 0.25
| 0.15f
.o

- @ gjtcOd 5.3.3_nt (7474 2<p/GeV< 3
FO gjtco1 5.3.3_nt (2388)

E[JFAKEEV 5.3.3_nt (202435)

n'*" good suitable for initial tuning
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@ gjtcOd 5.3.3_nt (7474
0.45E0 gjtcot 5.3.3_nt (2388)

5 -4 -3 -2 10 1 2 3 4,5
o]

F @ (634)
045k (12)
0.4H(] (422988)

3<p/GeV< 5

—8— 12<p/GeV<16

5

towl

I

045k (3681)
0.4 _—1:1 (627241)

0.45F -0 (182)
0.4E[] (416466)

16<p/GeV<24

tow'l-"'

Io

»"°" less sensitive to lateral hadronic profile (coarser granularity, presence of cracks)
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Dependence on Particle Type

E/p, EM (FAKEEV 5-8 GeV/c) E/p, HAD (FAKEEV 5-8 GeV/c)

0-3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LI rrrryrrrryprrrryprrrryprrrryprrra
1 1" | | 1 | 1 I_TCJ_r 05 | 1 | | | 1 | I_,J.ci

: +
0.3 _—m =

0.25F —

0.2 —

0.15 -

0.1:— —:

B = - 0

® E/p (HAD): Kaons > Pions > Protons; E/p (EM): reverse
® Have to consider the right mixture for tuning.
® |nthe past: 60% 7", 30% K*, 10% p/p
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Conclusions

e Kink in HAD profile plots due to extrapolation effects in events with tracks
stemming from displaced z vertices

e Kink structure is different for data and MC
~ More stringent z vertex cut can reduce cone “misalignment”
- EM/p cut can enrich sample with hadronic showers starting at EM surface
- Thus also cleaner definition of HAD tower coordinates

® Momentum weighting of MC tracks within p bins necessary in order
to account for power law in data spectra

For tuning of lateral profile in central part:
® Consider tower 1,2,3,4 (stay away from cracks)
® Tune distributon: E/p(n*"), n*"= 0, +1

e Momentum bins and number of usable isolated tracks (gjtc0d/gjtc01)
3-5 GeV (15k/ 0.7k) 5-8 GeV (17k/ 4Kk)
8-12 GeV ( 6k/ 8Kk) 12-16 GeV (0.6k/ 0.8Kk)
16-24 GeV  (0.1k/ 0.2Kk)

® First tuning iteration is on the way ...
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