jet PA* and the photon Py

2 el o1
T P’F T {2}
/i

It is easy to find the uncertainty of asymmetry variable A by using the error prop-
agation equation:

A=

s

_ (84 yoppie 04 o\ p
M—\(iap%ﬂ}ap% + (5 AP (3

\f assumming the Pj* and P7 are not correleated,

Pjal'z 1 S
AA = |- L-APP + —APF" (4)

52
PF Py
In the D@ detector, the resolution of photon is 18 close to the resolution of the
electron, which is about 10%/ VE [5] and is a small variable comparing with the jet reso-
lution. In the rest of the calculation, we assume the contribution from {Pf-'“2 ,I’PF}*.“;F_‘%E
term is small enough and can be neglected, with respect 10 the contribution from AP’
term. After neglecting the photon term, We have:

AP}
A=—=F 5
- MR o
In order to obtain the jet energy resolution AP Pi* from AA, we do the following
CONVersion:

APF AP (Pr)

T

Here we use average transverse momentum (Pr), which is averaged in the photon

bins to simplify the resolution calculation. When the ratio of the average value of PF to

Pj* in each bins are equal or close to 1, that is, the response between photon and jets are

well corrected, we can use the width of asymmetry valuse A obtained from the photon

bins as the jet energy resolution in this bin directly. Otherwise, it is necessary to correct

the width of asymmetry variable A with the ratio (Pf)/ (PJ™) in each photon Pr bins to
get the correct jet energy resolution AP} P},

(6)

Joe
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The Direﬁe measurement of Jet width Sinee the aceuracy nt;\remlutiﬂn measure-

ment using'r:\asym oLy, rjﬂh@d very much relies on E%je}.{ and photon response correc-
: ] e R

tion, w—t—rﬂﬁ g results fro a&ymmﬁrﬁﬁg-bhe«ﬁhefwﬂﬂ?ﬁ which will not
rely on the correction of jets and EM response, i jetwidtirt
t i metry-methed.
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In the methed-of direct measurement nf%&'i: width%'we find the transverse momen-
tum of the leading photon and the carresupnd&'ﬁ{t\ Jet Pr to this photon. The jet Pp
distributions are plotted within the photon Pr bins, the transverse momentum of the
bins a#-Eshead from 25 GeV to 80 GeV, at size of 5 G%WP 0 GeV intervak fereach

. The jet Pr distribution in eac fn!s is then fitted DY a Gaussian
function. Irterm-ef-the-width-of the i ettetrs—in-thep i

b e Ol HE e H—TH Citd—ih PO B BITS,
“the jet energy resolution will b n*";;ff (P, Here (PI™) is the average jet Pr in each ot
3
photon Pr bins C_'mi ’/Mq,;r g b war IT

‘L}Méu{,r;;+ Tie how He gonssian o amd 27
Di-jets like balancing [45 The direct measurement of jet By distribution in each
photon bing will ha G.'la.:rgr. statistical error botadse the shape of jet distribution highly
relies on the number of events in each bing and the size of the bins, Although the di-jets
like baiancibr}wnthud also v%elies on the statistics, what we will use this method
i¥ to mmpare}{he results from differént methods, and-check-the differenees-brtwrem these
. (_wm’.[‘he di-jets like balancing method was first introduced by the UA2 collaboration(1].
U{t-“"‘] 2\ Define the imbalance vector hetweewet and photon Pp

' od Yo bedir dicoc b T T T o ﬂf{t"ﬁﬁi\ wife mﬁ{ﬂ;mruﬁ i
i ey i " g Lbma !1
/]\M nimg?f[};‘nﬁﬁf the vectors F‘E projecte=en——direction-and ﬁ;'! LA A-direetion. These two t “.I o w.

b % ‘#'ﬁfm components are sensitive(tp GEEIE cE_i\g?:éence sn:aurces[?}[ﬁ]j.IE % is relfated to calorimeter y
j,_'-‘{} /% CS energy resolution, QCD;TQ%HUH emission, ete.( It is not a constant term with respect to&—

3 the photon Pr.However, .ﬁT is a relative constant as a function of photon bins.>T his mw |
component is reldated 3 et angular resolution, QCD hard and-seft gluon emission, etc. onv ] \ornt

T : . : : 2
To get the calorimeter resolution ?{JI’ the jets, we can use opy Eubtmct]}}j Ops to remove }{ el

b

Foh

I,th?r“sﬂlﬁc i ; . n.-Fhat-Ts ‘Awu v ¥"

HRE N C::LE*-«
U;ct = ':F'E,{ - 0'?_,4 [Sj
i whane e wy Ko

The jet energy resolution is then expressed by o/ (Pr), THe average photon trans- —
verse momentum in each photon Pr bingisusedfere: A oy - ““’ll'“""a j);i’ ad it 7 et/
o | '

et

Wy ¥
v P10.15 post-shutdown data is-used to calculate the jet enmergy/resolution. The pl0.11
photon+jets Monte Carlo simulated samples generated with (MB})=0.5, plate geometry
and pythia generator are used to eslenlate-resobrtiomand-eheek the-restitsfrom the real
data analysis. LOWPant y,
Four Monte Carlo samples, which are PtGt20, PtGt40, PtGt80, PtGt160, are used \
in calculation. The first one has about 80 K events. The rest three, are about 50 K b
events each. After processed by all applied cuts, there're about 16 k PtGt20 events, 800 1
'\ PtGt160 events, 10 K PtGt40 events and 2 K PtGt80 events passed. /

v T Uy _ﬁ[' G P‘Aﬂ%ﬁ»{e Q.['ii'l}md}{:hdﬂr{(j snel- fi- km[Ll

2.2 The data and the Monte Carlo samples /DJJ";;*jT 3 JMEB? '?'*f?]l"’"':"”'-

-
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The data samples were taken at or after June and processed by RECO version
pl10.15. The run numbers ranges from 145098 to 150570. The bad runs were removed
according with JET/MET bad run list [9). Additional bad runs were removed based on
their missing ET (MET) distributions. There're about 1750 K events total, and about
352 K events passed all applied cuts.

U\.J“-{'L s

Yo a wq{q\&-ﬂ
2.3 The Triggers

ﬁlll_m_ 3 LA
m" LR The nine EM triggers m&r&%ed to ﬁ%& the pl0.15 photon+jets photon data. We have
set a minimum Fr cut for each trigger, Only Pphotorb with, transverse momentum higher

nEthe minimum Py cut will bé‘@@ﬂiﬁ@d’ﬂi"p‘mﬁ‘md The valses—of minimum FPr
cut,are based on the trigger turn-on efficiency” We place the minimum Pr cut around

the 90% efficiency of each correspondent tnggeriﬂ ~Tl he trlggers and their Minimum Pr

cut listed in the table 1 below: Sy Y,
'-——-_____m,...‘;- ‘agg-:;_[. I:Em foled &4 Ie W

Table 1: The triggers and correspondent minimum Pr cut YU -04 (UALLL fo

. /r Trigger Name  Min Pr cut shew ,-}
DL e CEM5 30 GeV — Lu'uw & Az ok o
Gap L . CEM10 15 GeV lm'L 7
it ets. P CEM12 30GeV{ b Yo Cowe 7 %
W&, S W CEM15 30Gevy o
é&hmn\lﬁ CEM20 35 GeV
QL EM_Hi 25 GeV
ON ) EM_HL.CEM10 35 GeV

.. CEMSCFTLBX 75 GeV

v e by (e N

!

No jet triggeSwill be ysed in pmcessingﬁdata. \

\

2.4 The Cuts and Events Selectiq{g PSR N |

In the pl0.15 va,lrm% of RECOAnalyze, thi 7 region of-pheten is enly—proeessed—up to
+0.8. In this noke, we will th“—he phntan detector 7 region at || < 0.8, ard Jhe jets

detector n regiong g,rsi- limited at CC regiong with |5 < 0.7 in-events-selection .
In each of the event, we require at least 3 tracks associate with the wertiees, the
Wi dha  distance Zyeer < S0cm. We also remove any photondwithin the azimuthal (@) crack
region of the calorimeter if A, qme < 0.01. Here Aderackee 15 defined as;

‘ﬁd"crn.c'i:ﬂ{ JHOD[ édu.stcr l] {g}

To select the photon candidates, only EM ijﬂﬂ'& with EM [D=210 or +11 will be
considerfed as a photon candidate. EM ID correction software em_util version v00-02-40

4



% * oL ,k,szuﬂe& o \ratd

G, G
is used to do the EM ID correction. Any events withauHﬁ]M luster opvalid EM candidate \
is then to be removed from-analysis. Photon candidates with 0.95 < EM Frac < 1.05 and
—0.05 < EMIso < 0.1 arerequired. Only the photon with highes}, transverse momentum
(leading photon) in the event will be selected and processed for &ogeﬂ-hebs study.
The jets used in analysis are processed by JCCA cone algorithm (with AR = 0.7).
A Any jefsin event 16 Tequired to pass the jet quality cut, namely é e
0.05 < EMFrac < 0.95; : “3 O‘u“
HotFrac < 10; " ltaif oW
N9D > 1; " _— sb fﬁﬂ? Vg -JH_'I’?‘
CHF < 0.5 -6_:_ C
If any events c:::ntams jet that :fa.llﬁ the above quahtv cut, we will remove the whole [—ir % =4
I. -Et‘cﬂ:ﬂﬁt tlus fai 15 pmhah,ilv ot

event
due to the pro’oiems caﬁimeter ; \
The Jettr-phuesn.ﬁeu@enae is corrected with JetCor Version 2.2, The hlghest and | %
next to highest Pr jets pass-alﬁ.he cuts are selected if the jets are out of the AR <0.5 '
cone of the leading photon. To reduce the gluon radiation, only thé even® with the
transverse momentum of the second highest jet less than 8 GeV are considered the-good
event-and-wil-be-processed. Finally, a back-to-back of 2.8 between leading photon and
the correspondent highest Pr jet is required to avoid introducing bias at small n region.
To remové the noisedfrom the electron candidates, we set the minimum missing ET
MET) requirement:
: LE};'FPT <2 (P} {Fl—;\-_ﬁ hﬁhiw ) U.a'{/q“{ hoes l{.’ }(l’{JM; o
MET/P} < 1.2 (15 < P} < 25) {L (<,
MET/FP] < (.8 (P} > 25) :
The same cuts and selection methods are used to process Monte Ca.rlc: samples, W LEE& g\ﬂ

except %EQHEEETS and the mlnilr'llm Freu ~Improcess
mg%mﬂmlwmmﬂmm there’s m:u trigger simulation in A) 0.11 Monte Carlo
samples. S
3 Results

dh_gleroll culs

Figure sh@ws the asvmmet lots of 1he Dtﬂl‘l"]'jt\t?'bﬂmpig\ The asymmetry plots are
plotted 3t " different photon P]" bins rauga&. rom 25 GeV to 100 GeV at 5 or 10 GeV bin

size. At low Pf bins we can see the asymmetry curves are distorted when the asymmetry
variable is negative. (,_Iﬁls i§ due to the EM jrigger’s minimum transverse momentum _J

cut-off. When the ¢ ﬂ'%}j'r is-sent-to lower, these d:stur&tmrs.m]l dmppea.r but the

resolution will be bmswfi\rﬁw to the low trigger Efﬁﬂlﬁ!lﬂj g sses all

| nine-tmizgersligtedintable T together. Figure 2 shows the jet Pr d1st1‘1but1mﬁ "different

| photon Pr bind™ We can find the same trigg ey mmlﬂﬂm;ln Pr cut-off distortion of the Jet L
Pr distribution.’ From figure Ltmd 2, it is M at higher Pr bins, the Std-t-istlﬂﬂ‘zl’ A LA T

exzess will be larger mmmmﬂﬁmw&w

lcic P
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Figure 1: The "Photon+Jets” asymmetry plots -'I';:_ﬁ Hi.IJ'l.t'- 15 Aal&'..

. ior— This will introduce the large statistical errors to resalutim!] fb o
when P is relative higher. A e - uil.»a-[- o He 2o0d 4y G g £ Lxof ) f'/(:i"”i
o

; e ] :
_ From Figure 1 we gas ﬁnH] the transverse momentium f"fnhntr:m‘énd jetfisnot g !E-,m,‘
FH.[[}L“'J._ balanced very-we aftehfihe Tésponse correction by using JetCor. The gsymmetry method 1 o '
- assumes there's only oné jet and one photon, 50 th jet and phomn‘cﬁﬁ"ﬁﬁeﬁum will be SR .
balanced +a<SEIEveseanis. butfn reality there’s abways extra jets and the missing Er. hies
In this note, when we calculate resolution using the asvmmetry, the o4 will be multi lied

by a factor of {(P]}/{Pi") to get the correct expression of jet energy resolution. Wﬁﬂ? ;

Figure 3 shows the jet energy resolution in CC region (|n] < 0.8 for photon and 0.7
1:!@&5 ;7 7
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Figure 3: The jet energy resolution from pl0.15 "Photon+Jets” data .
M .0 céiim.il. a[waﬁa v b\.m[f/wf[ﬂ"b

for jets) obtained from, different methods. Thé\: square is from ]%Pmﬂets sample
using asymmetry method. The black dot 1s from the di-jets samples /Blie circle is from ’f{%
photon-+jets sample using dijet-like method, and the black diamand i3 from photon+jets
sample using direct measurement of jet width in photon Pr bins.
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Figure 4: Compare the resolutions from p10.15 Monte Carlo di-jets sample with pl10.11
photon+jets Monte Carlo sample (4 0 <t = 7
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&— The resolution is then fitted b equation:

op, |N?_S°

; B -\ + 5, + 1 (10)
&w _ ) w4 J,H-‘} .
Here N, 5 and C are fitting parameters stan forbnoise term, sampling term and
the constant term of the calorimeter. ‘H‘E'R'Eri use,Pr in the fitting instead of Er.
We fitted the resolution +|:hgei—;’y mcthga“an' use the data ﬂbtaina:J
from the’ceét methods to cross check the consistaney. The fitting results for, CC region
ajva o N=0.4 1085, S=0.033: 0.149, C=0.138:0.003, which is the same as \hie teslt-Feom
- di-jets QCD samples within the statistical errors regions [8]. If we fit the of, instead of
resolution, by using the equation:

\maﬁm

ﬁ%‘ elipw Vw'-ii Aldu ||E w}lh%j

?_WE§&+§$ (11) .
Wwe fawm  Sel B.E / Ly %

" N

VRO T ks ing. Here we set the noise term N:U,Tﬂe

result is S=1.4640.016, C=0.007+ 1.52.
If we combine the points form photon-jets asymmetry and di-jets asymmetry, and
fit the combined curve, the fitting result for the jet energy resolution will be: N=0.x

__‘IQ_; 0.795, S=1.099% 0.025, C=0.10610.005.
-3 The results from Monte Carlo " Photon+Jets” samples are used to check the consis-
tancy with the data’s. We use the same method to calculate resolution in Monte Carlo as
o we used for the data, the only different is the photon+jets sample and di-jets sample are
) from the two different RECO versions, and there’s no trigger, noise and nonlinearlty sim-
~ ulation in the Monte Carlo sample. The plots for the CC region (7| < 0.8 for photon and
% 0.7 for jets) are shown at Figure 4 . The fitted results are N=-3.68+0.218, 5=0+0.302,
5 C=0.12340.0017.
)
=

4 Acknowledgements

We would like to thank Vivian O'Dell and Anna Goussiou for helping write the computer
programme.

References

[1] UA2 Collaboration, Phys.Lett. B 154 338 (1985)

[2] A. Bocci, Laurea thesis, University of Pisa (1998)

[3] Giuseppe Latino Ph.D thesis, University of Cassino (2001)

[4] S. Lami, A. Bocci, S.Kuhlmann, G. Latino, Fermilab Conf-00/342-E CDF (2001)

[5] Sabine Crépé, Electron Energy Resolution, Talk to EMID meeting, January 09 2001
* .}\JZI 15 ‘H—-G ‘x‘ﬂ"‘ L?"lw{ﬂ”i-l g? & »\’8@ QLPJP,Q IE *[}Jl jl'uﬂff“..d.-" \Eﬁﬁ[l (£¥F (:-E
i %{ L LA, / ((iﬁ,u.:& E‘f.‘,ﬁ/‘ }{Pt!:""lﬂ‘ ‘|llw_m>' Mv]}%'ﬁ %L\M o
?h-‘k [{\ 0t w P So wt (au Cer rl o S‘Lwﬂ,a.h



