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

A=

0A :
A= —)2API? + 2APY 3
A J?Bp%et) PT (BPT) ( )
if assumming the P2 and Pz are not correleated,
: PJetZ
AA = If APP? + -P—AP”” (4)
T

‘In the D@ detector, the resolution of photon is is 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 (P €2 | P74)APT
term is small enough and can be neglected, with respect to the contribution from AP} et2
term. After neglecting the photon term, We have:

AP
PT (5)
T

In order to obtain the Jet energy resolution APf et pIet from AA, we do the following
conversion:

AA =

APJ  APF (PT) (©)

Pjet - P"I ( Pjet>
Here we use average transverse momentum (Pr), which 1s averaged in the photon
bins to simplify the resolution calculation. When the ratio of the average value of P to
P} et i1 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 (PFY/ (Pt %) in each photon Pr bins to
get the correct jet energy resolution AP/ Pl

Q
The Diregt measurement of Jet width Sinee khe accuracy ogk;\esolution measure-
ment usmg/\asym(%?t %hod very muc;a/:(pehes on t t yé and photon response COITec-
tion, we—t—ry"ﬁ) h results fro asymmet whlch w111 not
rely on the correctlon of Jets and EM response
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In the methed-of direct measurement of jot width\,/we find the transverse momen-
tum of the leading photon and the corresopndéggl jet Pr to this photon. The jet Py
distributions are plotted within the photon Pr bins, the transverse momentum of the
bins aFe-Or from 25 GeV to 80 GeV, at size of 5 GaV tp10 GeV intervakfor—each
bins_at-different—Pr. The jet Pr distribution in eachdgin,s is alen fitted a Gaussian
function. Imterm-e e~width-of the fitted- Gaussi r—funetions-in-the-phot i

“The jet energy resolution will b a}th / (P}Et)/ Here (P}) is the average jet Pr in each /; 0
photon Pr bins L,/—E,/f 3 Wihet ¢ l/l/\\\,\%\ wue )T
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Di-jets like balancing [4] The direct measurement of Jet B distribution in each

photon bing will have_large statistical error, becadse the shape oﬁg’c distribution highly

relies on the number ‘of events in each bing and the size of the bir{é. Although the di-jets

like balancingymethod also very mugch reliés on the statistics, what we will use this method

ig to compa\‘rlslﬁ{le results froﬁ'ﬁiﬁﬁ'gﬁ\t methods, ' i

mThe di-jets like balancing method was first introduced by the UA2 collaboration[1].
TN ‘};\ o3 Define the imbalance vector bétweer}\jet and photon Pr

i\

< Pr=pPl+ P 4 y A YARAY,
A o \,LJ \DEQLS@( 4\‘{0( l"lW{\\/I.Tﬂ‘QTQ\_\E( R }ﬁf%u‘ms W\VV\ A ) &\(yg;((&)t\;ﬂk g,
/{\,\,} YKOKG&% the vectors ;); pm:}ects-eﬂ—g—d-lfeet-}gn_a,né Pjr LTSRS % direction. These two %4@ W,

o/
) f{/\ e components are sensitive(tp Lh iﬁ‘ergnce sources[2][3]'>.é I?Tg is relgated to calorimeter —
/l) %%\\,ﬂb energy resolution, QCD/\g uon emission, etc.{ It is not a constant term with respect to&— -
g the photon Py. Howev?l,‘%]?ﬁ is a relative constant as a function of photon bins.>This W\N?\\
component is relgated to jet angular resolution, QCD hard and-seft gluon emission, etc. O~ OU\’/Z\/
To get the calorimeter resolution .for the jets, we can use opn m;}y Ops to remove )\W

the/{:ffect': 5 ton.—Fhat1s f\/vv\ . ng\f/ -
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DM G Co\é\/\ (8)
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The jet energy resolution is then expressed by 0je1/(P7), THe average photon trans-

verse momentum in each photon Pr bingisusedtere MMS - wﬁ j‘)z oood " d+ ?Tﬁek 7

2 2

Ojet = g — 0
Jet p7§ Pl

P10.15 post-shutdown data is-used to calculate the jet energy/resolution. The pl10.11

photon+jets Monte Carlo simulated samples generated with (M B)=0.5, plate geometry
and pythia generator are used to ealentate-resohrtiomrand-cheek the-resultsfrom the real

data analysis. Lo Pare w7 .

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 \
s events each. After processed by all applied cuts, there’re about 16 k PtGt20 events, 800 )
! - PtGt160 events, 10 K PtGt40 events and 2 K PtGt80 events passed.
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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.

el on Mo a\/\qkjgrg
2.3 The Triggers

\Uv O)\,\g'} dore ~or
. ‘The nine EM triggers weape—&sed to ﬁlteg the p10.15 photo@nﬂets photon data. We have
set a minimum Pr cut for each trigger. Qnly kphotorﬁ w1tl}\transverse momentum higher

Rhansthe minimum Pr cut will be‘-eeua’eed—-&ngl(—preeessed The values-of minimum Pr

U cut are based on the trigger turn-on efficiency.” We place the minimum Pr cut around

the 90% efficiency of each correspondent tr1gger[6] he triggers and their Minimum Pr
cut listed in the table 1 below:

T %éb \éav \mw O\wﬁ

Table 1: The triggers and correspondent minimum Py cut YW -04 (UALLY 'fD

/7

‘ (/ Trigger Name: Min Pr cut sUew .

WLl o CEM5 20 GeV — Wwha = u&
e Ko 4 LS CEM10 15 GeV

¢ L o , CEM12 30 GeV wk m Cowe 7 %b
<, A2 Vs CEM15 30 GeV
\ CEM20 35 GeV

MU\

on e Q&S EM_Hi 25 GeV

EM_HI_.CEM10 35 GeV
CEM5CFT_LBX 75 GeV

OV done { ,\&Q ?/\(Wwvj WAM

No jet triggeSwill be ysed in processing/\data.

2.4 The Cuts and Events Selectio}(lg roe e e d

o}

In the p10.15 vegsmn of RECOAnalyze, thﬁ n region ef pheton is enly—preeessed—up to
+0.8. In this rpé we will set )(Elle photon detector 7 region at |n| < 0.8, ard {he jets

detector 7 regiong @pe limited at CC regiong with |n| < 0.7, in-events-selection .
In each of the event, we require at least 3 tracks associate with the vertices, the
wi XA distance Zyee; < 50cm. We also remove any photonSwithin the azimuthal (¢) crack
region of the calorimeter if Ageracree < 0.01. Here A@erackae is defined as:

32
A¢cracka( MOD( ¢clustera 1) (9)

To select the photon candidates, only EM obJect with EM ID=410 or 11 will be
consider)(ed as a photon candidate. EM ID correction software em_util version v00-02-40
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is used to do the EM ID correction. Any events without EM ¢luster oz;\valid EM candidate kY
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 h1ghes§ transverse momentum

(leading photon) in the event will be selected and processed for study. -
The jets used in analysis are processed by JCCA cone algorithm (with AR = 0.7).

AW\ Any jetsin ene event ) Tequired to pass the jet quality cut, namely & Vol Q
0.05 < EMFrac < 0.95; . MS O
HotFrac < 10; \ \Qr % photov
N9 > 1; : - R

CHF < 0.5

\%\f\\‘ ‘ M
(/K ¥~ s Y
If any events contains jet that fallﬂ the above quality cuthwe will remove the whole

event T i n. Beéeause this fail is probabily WJ
due to the problems kcalo%rlursneter mste&d—ef—%he—prﬁb}em—&em—the_un@lgzﬂed—p% P&, C v Q\;

The Jets—-ph:@@ﬂ—pespease is corrected with JetCor Version 2.2. The highest and |\ o J@ )
next to highest Pr jets passeﬁgthe cuts are selected if the jets are out of the AR <0.5
cone of the leading photon. To reduce the gluon radiation, only theé event with the
transverse momentum of the second highest jet less than 8 GeV are considered the-good
event-and—will-beproeessed. 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 remov rom the electron candidates, we set the minimum missing Er
(MET) requiremen
MET/P} < 2 (P} </1;X—‘ W\‘VS what oo 7 //) [ceiin
MET/P"<12 (15<P7<25) {L i

MET/P} < 0.8 (P} > 25) v
The same cuts and selection methods are used to process Monte Carlo samples, w%& (’Q)

exceptwh riggers and the mmlum Pr CI\l/tS i —used—in—process-
mg%eﬂtrearfo—smnp’reseBeea,usethere"s no trigger simulation in P 0.11 Monte Carlo
samples. K=
3 Results
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Figure {:\ghows the asymmetrygplots of the hotonﬂ%’samplg\ The asymmetry plots are
plotted 2t "different photon Py bins rangee from 25 GeV to 100 GeV at 5 or 10 GeV bin
size. At low ij’ bins we can see the asymmetry curves are distorted when the asymmetry
variable is negative. | This 1s due to the EM frigger’s minimum transverse momentum
cut-off. When the c{ oﬂ% T is-sent—te lowerl,these distorsetiorswill disappear but the

resolution will be blasedA(fue to the low trlgger efficiency,/ \MMMMWSMI
/ nine-triggers-hstedtmrtable T together. Figure 2 shows the jet Pr distributiorSat different
! photon Pr bing™ We can find the same trigg e mlmw\r/r&n% Pr cut-off distortion af £ the jet

Py distribution.” From figure Js-ead 2, it 1s at higher Pr bins, the statlstlczﬂ( hn e 1{@“7
erxoxs will be larger éueﬁ—t}m—tom}mm;f‘emhe—bﬂms—smﬁﬁe&espeaﬂﬂy—
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Figure 1: The ”Photon+Jets” asymmetry plots g\ ?\U < C&ngn

for-thejet—Pr—distribution- This will introduce the large statistical errors to resolution

when Pr is relative higher. Aen% L&éfa‘F 1S T@\ﬂ‘{ (‘\1 l 2/)([0/)‘* }O e

_ From Figure 1 we - find, the transverse momentum f\ﬁhoton nd jetg is not aédy F A
4 balanced very-weH aftehl tf}?ewfgsponse correction by using JetCor. The symmetr% method I |
2 assumes there’glénly OI/lé jet and one photon, so the je and photon ?ﬁlaé?nseﬁ%lm will be g% -

balanced -4ISNSVese axis. bntﬂn reality tRere % extra jets and the missing Er. hics

In this note, when we calculate resolution using the asymmetry, the o4 will be multi lied
by a factor of (PJ)/(P") to get the correct expression of jet energy resolution. WEA W;
Figure 3 shows the jet energy resolution in CC region (jn| < 0.8 for photon and 0.7
dse &7

6 howre 10, g
oA ]
BKP\?V\\V\ quN

Mo v B ow T‘i‘




[image: image6.png]- F
13 L
>._ _  —&— Photon+jets: Asymmetry 1
$a
- —&— Dijets
0.35 ] N i
- —©— Photon+jets: dijets like
0.3:— —o— Photon+jets: jet width
0.25[
- g
0.2~
0.15~
0.1
0.05
ro_lllllllIIIllII|llllll||l|lll||ll|l|l|

30 40 50 60 70 80 90
<ET>

Figure 3: The jet energy resolution from plO.l? »Photon-+Jets” data p 4@
L ( w black /wb
Mo AO(Do\g(@waﬂsn
\ S
for jets) obtained from different methods. Th@ square is from photon+jets sample
using asymmetry method. The black dot is from the di-jets samplex/Blue circle is from
photon-+jets sample using dijet-like method, and the black diamand i§ 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 p10.11
photon-+jets Monte Carlo sample (4 e 7
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&— The resolution is then fitted by equation:

e LS e (10)

Er E2  Er
N o : VA, Hos .
Here N, S and C are fitting parameters stand_for‘noise term, sampling term and
the constant term of the calorimeter. Wg will use P/T\ in the fitting instead of Er.
We_fitted the resolution bas&.%‘n asy +rhget%y methgaii{&all%lg use the a obtainecl
from the”red® methods to cross check Lh/é-come&ney The fitting results for, CC region
CS\\”L )'KN:-O.:E 1.085, S=0.933+ 0.149, C=0.138+0.003, which is th'e\ same as the/éesult from
di-jets QCD samples within the statistical errors regions [8]. If we fit the 0%, instead of

resolution, by using the equation: % alow %ul A (; t *Q/K?D }' . %{3
(11)

2 _ N2 Q2 2 p2
we cam see Ha off g SE?Z;"@A&Z Sﬁ;ﬂ::r ngT‘-
\wora ksw\ﬂ% i ing: Here we set the noise term N=0;fie

result is S=1.46+0.016, 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.%
0.795, S=1.099+ 0.025, C=0.106+0.005.

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
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 (|n| < 0.8 for photon and
0.7 for jets) are shown at Figure 4 . The fitted results are N=-3.68+0.218, $=0+0.302,
C=0.12340.0017.
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