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PMT’s equalization

� mip selection in p,anti-p and µ runs acquired with 
v the beam at the middle (in X or Y ) of ECAL 

� The Landau distribution in each cell is fitted

� The m.p.v. are used as coefficients to weight the     
vv cells signals

x

y

*******

PMT’s

**
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*Runs 1135-1145

Runs 524, 526, 713-719
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Figure 10: Sets of data points from the electron runs, which were used in the
global fit of the attenuation length. Each of them represents an individual pixel.
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CUT on the Central Energy Fraction

46587:9 �;
�Ç��ZÆ <�� G�Z~G�B KiI$Z"@��MG�I"@CW�[ W�� I"a%K jiD;I|\JG�FCD;K
� 	���
���� . �������RI"WEW ��I$G�@_[nG�[oK��6j]@_KM[%j�� K �XD�G�F;I$W��Xg��
� W�ZrU�WX>"@_I"Z$W�[%> � Z$W�B �uI$W ��N2huQ(SJT6l

��������� � h 3,- �
	(� % 3 �(* 2 �
�
� 2��(#&%��
	(#�� �
?A@CB	Q:xiBqj`QTvTBPXY_ibCviW\[`wCalWZbUQTXUSljc_ � XYBE_TdÄBRXYBRO�[`jc_T{5QTvTbCBq[cWZOrhp@C_1��Bqjch�WZh~��BqXZX7alBRhcOqjcWYV¡Bqa�VN]5[c@CB
� ����� ��aCWZh�[`jcWYVCwl[cWZ_ib£_Tdz��³g��ºl�Y§T�H?A@CBRjpBqd�_ijpB�Q®vi_ _�a�aCWZhpORjcWY{,WYbUQTbN[	x|QTjcWZQTVCXZB�OR_TwCXZa¯VgB[`@lB � @z_TdÄ[`@CB	XZ_TbCviWY[cwCaCWYbUQTXghc@UQTSgB	_Td#B:QTOu@�hc@C_1�~BRjzWZb/[`@CBP����DE���?#_�ORQTXZOqwCX�Q|[cB>[`@lB � @ ·�QsSUQTj`Q|{,B�[`jcW��:Q|[cWZ_ib�_Td<[`@CBfQ:xTBRj`Q|viBfBRbCBqjcvT]�alBRSg_ihcW\[`BRa�WYb�B:QTOu@SCXZQTbCB�_|dC[`@CBk�~��Dr��WYh#blBRORBqhchcQTjp]T�<¤Ã_Tj¥B:Q|Ou@^h`QT{�SCXZB�_TdUSg_ihpWY[`jp_ibChÄ��WY[`@>viBRbCBqj`Q|[cBRa^Qy[ � ´�BRa{�_i{,BqbN[`wC{�·l[`@lBPBqbCBRjpvT]�aCBRSg_ihpWY[�aCWYhp[`jpWZVCw�[`WZ_Tb�WYb�B:QTOu@�SCX�QTblBPWYh � [c[cBRa���WY[`@�Q � �.�
�J���A���d�wCbCO�[`WY_ib���?A@CBr{,BRQTb5x|QTXZwlB^�"� �� �~QTbCas[c@CBrh�[uQTblaUQTjca/alBqx W�Q|[cWZ_ibH� � � ��QTjcB�B�´ [`jcQTOq[cBRasd�jc_T{[`@lB � [`hR�<?A@CBqhcB	x|QTXZwCBqh�QTjcB}[c@CBRb � [c[cBRa�QTh�Q�d�wCbCO�[`WZ_Tb�_|d#[c@CB}[`_T[`QTX�BRblBRjcv|]���WYbs[`@CB	j`Q|bCviB
0 7 ¦�§­M�ªP«­¬�����?A@lBmjpBRhcwlXY[`hzQTjpBT²

� �� �A� ��	��¡� " «������ Â�� ��� ���� !�#"%$'&($*) + �-,/.1020
� � �A� ��	��¡� " «��#34� Â�5 ��� ���� 6�#"%$'&($/) + �7,/.1020��@CBqjcB98�WYhk[`@CBP����DE�¯SlX�QTbCB}bJwC{>V¡BqjR���xiBRbN[rVJ]�B�xiBqbJ[z[`@lBPjpBRaCwlORBRa � @z_TdÄ[`@CB	XY_ibCviW\[`wCaCWYbUQTXghc@UQ|S¡BPO:QTb�VgBPORQTXZOqwCX�Qy[`BRa/��W\[`@[`@lB	d�_TXZXZ_1��WYbCv>d�_ijp{�wCX�Q�²
� @ "

§§1¦ ��:
� � � ���-;<
�

�A� � 3�� �� �"� ��	��7�c� @� � � �A� ��	��¡�c� @��@CBqjcB � � WZhk[c@CB	BRbCBqjcvT]�aCBqS¡_ThcWY[cBRa�WZb�SCXZQTbCB=8�d�_ijk[`@lBPOq_ibChpWZaCBqjcBRa�BqxTBRbN[:�



� � � ��������	�

��Ç�� B��yS������������������ ��!"�$#%�'&(��!�)+*-,/.�021%3

�Lb®¤#WZviwCjpB	¦��\§1K^QTjpB}hc@C_1��b�[`@CB	aCWYhp[`jpWZVCw�[`WZ_Tbs_Td�[`@CB � @Ad�_ijASg_ihcW\[`jc_TbChAQTbCa�SCjp_T[`_TbChzQ|[§1©l·�ºNM�·�§­M 0 QTbCa£Mi¦T©/ªP«­¬,�m¤¥WZviwljcBf¦��\§i§^hp@C_1��h	[c@CB^B E�OqWZBRblORWZBqh}_Td�[`@CWYhEaCWZhpORjpWZ{�WZbUQ|[cWZ_ibORjpWY[cBRjcWY_ibÁQThsQ¨d�wCbCOq[cWZ_ib�_TdE[c@CB�x|QTXYwCB�_TdE[`@lBHQTSCSlXZWZBqa � @ Oqwl[:·~d�_ij,alWYÀ¡BRjcBqbN[sSg_ihcW\[`jc_TbChQTbCa£SCjc_|[`_ibChPh`Q|{,SCXYBRhq�/Drh>VgBqd�_TjcBT·�[`_�SCjc_1x WZalB5QTb£B E�ORWYBRbCO�]�_|d+�iKN¼�_Tb£[`@lB5Sg_ihcW\[`jc_TbChh`Q|{,SCXYBRhq·�[`@lBEORwl[~x|QTXZwCB�WZh~SUQTj`Q|{,B�[`jcW��RBqa/QThAQmd�wlbCOq[cWZ_ibs_|d%[`@CBEBqbCBRjpvT]i�<�Lb/¤#WZviwCjpB}¦��\§­MmWYhhc@l_­��b�[`@CB	jpBRhcwlXY[�_Td#[`@CB � [R²
� ��� � � @ � " � MTK/& §1� 3±��§1K�& §­� 5�� � � M # K�&ÁK'# ºi��5�� @ 3±��K'#\§1º�& K'# KiºN��5������@CBqjcB���� XZ_TvÃ�"� ��	 � ) ªm«­¬,+����

��������� � �(�)!$*&+.#&�
�	� 3
� ��� ����� � # �"0 	
?A@CBASg_ihcW\[`jp_ibCh�BqbCBRjpvT]^QTjpB��~BRXZXljcBROq_ibCh�[`jcwlOq[`Bqa,WYb^����DE��·T��@CWYXZB�[c@CBk@UQ|aCjc_ib^ORQThcORQTaCBqh~Q|jcBbC_T[~d�wCXZX\]fOR_ibN[`QTWZbCBqa�QTbCas[c@CBEjcBqOR_iblhp[`jpwCOq[cWZ_ibsd�Q|WZX ·Nhp_fQ>OR_T{,SUQ|jcWZhp_ibsVgBq[L�~BRBqb�[c@CBEBqbCBRjpvT]{�B:QThpwCjcBq{,BqbJ[ES¡Bqjpd�_ijp{,Bqa®��WY[c@�����DE� Q|bCaH[`@CB>{,_i{�BRbN[cwC{ {,BRQThcwCjpBRa�VN]®[c@CB�?Äj`QTOut|BRjOR_TwCXZa�VgB�Qrvi_ _ a�aCWZhpORjpWZ{�WZbUQTbN[R�Ä?A@lBkxTQ|jcW�Q|VCXZB�wChcBqa^d�_ij¥[`@lWZh¥alWZhcOqjcWY{,WYbUQTbN[¥OqjcW\[`BRjpWZ_ibmWZh¥[c@CBj`Qy[`WZ_	VgBq[L�~BRBqbs[`@CBzBRbCBqjcvT]�{�B:QThpwCjcBqasVN]^[`@CBr����DE���"�>��Q|bCa,[c@CB�{�_i{�BRbN[`wl{ {,BRQThcwCjpBRaVN]s[`@lBP?Äj`Q|OutTBRj�� 8g� ��Lb�¤¥WZviwljcB�¦��\§1º®[c@CB/aCWZh�[`jpWZVCwl[cWZ_iblh>_Td�[`@lB/j`Q|[cWZ_ ����8�QTjcB/hp@C_1��b�d�_Tj�S¡_ThcWY[cjc_iblh^QTbCaSCjp_T[`_iblhzhcQT{�SCXZBqh�Q|[zºNM�·U©|µC·%§­M 0 QTblaHMi¦|©�ªP«­¬,�?A@CBfaCWZh�[`jpWZVCwl[cWZ_iblhrd�_ijE[`@lB^S¡_ihpWY[cjc_ibCh}hcQT{�SCXZBqh}@UQ:xiB�Q/S¡BRQTtHQ|[e����8�¹ §,Q|bCa�Q�VlWZv[uQ|WZX�d�_ijPvijcBRQ|[`Bqjmx|QTXYwCBRh "�[`@CBqhcBsB�xiBRbN[chfQTjcBf[`@CB,j`QTalW�Q|[cWYxiB�_ibCBqhR·�WYb£��@CWYOu@�[`@lB5Sg_ihcW\[`jc_TbCh{�_i{,BqbN[`wC{ WZhE{�B:Q|hcwCjpBRa¨VN]®[`@lB^?#jcQTOutTBqj>Q|de[cBRjr[c@CB^VCjpBR{�hchp[cj`QT@lXZwCbCv/Sl@C_T[`_Tb�BR{�WZhchpWZ_ib7��Lbfd�QTOq[<WYbf[c@CWZh�ORQThcB|·N[`@CB�{�B:QThpwCjcBqa,{�_i{�BRbN[`wC{�{5Q:]>jcBRhpwCXY[<hpWZviblW � ORQTbN[`XY]>XZ_1�~BRj�[`@CQTb�[c@CBhcwl{�_Td¥[c@CB	BRbCBqjcvT]saCBRSg_ihcW\[`Bqa�VN]s[c@CB}[L��_H� «1Â¨QTbCa�¸�WZblaCwCORBqaÃ�khc@C_1�~BRjph�WYb�[c@CBP����DE���¤¥WZvTwCjcBr¦��\§:µ>hp@C_1��h�[`@CB�B E�ORWYBRbCOqWZBqhk_Td�[c@CWZh�aCWZhpORjpWZ{�WZbUQ|[cWZ_ib^OqjcW\[`BRjpWZ_ib,QTh�Qmd�wCbCO�[`WZ_Tb5_Td[`@lBmQ|SCSCXZWYBRa ����8®Oqwl[:·Cd�_Tjk[`@CB	aCW\À7BqjcBRbN[zSg_ihcW\[`jc_TbCh�QTbCa�SCjp_T[`_iblhzhcQT{�SCXZBqhR�?A@CB�ORwl[	x|QTXZwlB�WYh}Ou@C_ihpBRb¯Bq³ wCQTX�[`_�§ 3
�}��@CBRjpB�[c@CB^x|QTXZwCBf_Td��}[uQTt|BRhPWZbN[`_�QTOqOR_iwCbN[[`@lBPOq_i{�VCWYbCBRa�jpBRhc_TXZwl[cWZ_ibChA_|d�����DE�!Q|bCa�?#jcQTOutTBqjR²

� "
� " 3
��� �A���

� -
� � � � ����� � �"���

���@CBqjcB	[`@CB	jcBqhc_iXYwl[`WY_ibCh�QTjpB}SUQTjcQT{,B�[`jpW��RBqa/d�jc_i{�F�_ibN[`B>�kQTjcXY_^aUQ|[`QfjpBRhpS¡BqOq[`W\xiBqXY]�QThq²
� " 3
��� �A���

� "
K'#\§i§1º

( �
)¶ªP«­¬,+ - K # Kl§:KNM��
� � � � ���'� � �"�>�

� " K'# ¦��*) � «­¬ + - K'# Kiº'#



Ç���� � ��������������� ��!A�$#%� ������!������A�

v#%��B��|S � � � ���2��!A�$#%� � � �

2χ
0 2 4 6 8 10 12 14

10

210

310

 of the longitudinal shape2χ

32 GeV  positrons
32 GeV  protons

2χ
0 2 4 6 8 10 12 14

10

210

310

 of the longitudinal shape2χ
64 GeV  positrons

64 GeV  protons

2χ
0 2 4 6 8 10 12 14

10

210

310

 of the longitudinal shape2χ
128 GeV  positrons
128 GeV  protons

2χ
0 2 4 6 8 10 12 14

10

210

310
 of the longitudinal shape2χ

256 GeV  positrons

256 GeV  protons

46587:9 �;
sÇ�� � ��<�s @C>AI"Z$@ �%D�I"@CW�[%>�W�������W���I"a;KrFCW�[%p�@_I"D%L�@C[%G�F%>Aa�G�U�KM>'� W�Z U�WX>"@_I"Z$W�[%> � Z"K2LuFC@C[;KM>���G�[%LuU;Z$W�I$W�[%>
� �%FCGXj~�oF_@C[;K2>���G�I ���vK2L-B WXB K][^I"D;B?K �^D%G�F I"W?�Xh;t;P 	%t N h � G�[%L h ��P Q(S Tol



� � � ��������	�

��Ç�� B��yS������������������ ��!"�$#%�'&(��!�)+*-,/.�021%3

2χ
0 2 4 6 8 10 12 14

C
U

T
 e

ff
ic

ie
nc

y

0

0.2

0.4

0.6

0.8

1
 of the longitudinal shape2χCUT on the 

positrons:
8 GeV
16 GeV
32 GeV
64 GeV
128 GeV
256 GeV
512 GeV

protons:
16 GeV
32 GeV
64 GeV
128 GeV

46587:9 �;
HÇ�� � � <�� �oji@CK][%j]@_K2>:W��
I"a%KwL;@C>$jiZ$@_B @C[%GJI$@_WX[nj]Z"@_I"KMZ"@CW�[ �%G�>"KML W�[oI$a;KzI"a;KwFCW�[;pX@YI$D%L�@C[%G�F
>"a%G�U�KwG�>
G � D;[%jiI"@CW�[ W�� I"a;K�G�U;U;FC@_K2L � � jiD�I�WX[ L�@�� K]Z$K][^IrU�WX>"@YI$Z"WX[%>rG�[%LnU;Z$W�I$W�[%>r>$G�B U;FCKM>Ml

Log(Energy [GeV])
1 2 3 4 5 6

2 χ

3

4

5

6

7

8

9 p0        1.282±  20.2 
p1        1.207± -10.3 
p2        0.3482±  2.04 
p3        0.03099± -0.1297 

p0        1.282±  20.2 
p1        1.207± -10.3 
p2        0.3482±  2.04 
p3        0.03099± -0.1297 

 of the longitudinal shape2χCUT on the 

4 GeV

512 GeV

46587:9 �;
�Ç�� � � < � G�Z~G�B KiI$Z"@��MG�I"@CW�[ W�� I"a%K j]D�I�\JG�FCD;K W�� � �uI"W W
�;I$G�@C[ G�[�K �oji@CK][%j4�RK �^D%G�F�I"W ��g � � W�Z
U�WX>"@YI$Z"WX[%> � Z"WXB 	 I"W �;N2huQ(S Tol



Ç���� � ��������������� ��!A�$#%� ������!������A�

v#%��B��|S � � � ���2��!A�$#%� � � Æ

Energy / Momentum
0 0.5 1 1.5 2 2.5 3 3.5 4

10

210

310

Ratio between Energy and Momentum

32 GeV  positrons
32 GeV  protons

Energy / Momentum
0 0.5 1 1.5 2 2.5 3 3.5 4

10

210

310

Ratio between Energy and Momentum

64 GeV  positrons
64 GeV  protons

Energy / Momentum
0 0.5 1 1.5 2 2.5 3 3.5 4

1

10

210

310
Ratio between Energy and Momentum

128 GeV  positrons

128 GeV  protons

Energy / Momentum
0 0.5 1 1.5 2 2.5 3 3.5 4

1

10

210

310
Ratio between Energy and Momentum

256 GeV  positrons

256 GeV  protons

46587:9 �;
�Ç�� � � <rsc@H>AI"Z$@ �;D;I"@CW�[%>cW�� I"a%K�Z$G�I"@CW�� . � � W�ZcU�WX>"@_I"Z$W�[%>�� Z"K2L FC@_[;K2>���G�[%L U;Z$W�I$W�[%> � �;FHG�j~�-F_@C[;K2>��
� W�ZrpXK][;KMZ$G�I"K2L B W�B KM[XI$D;B�K �XD�G�F I"W*�^h�t;P
	%t N2h
� G�[%L h
��P Q(SJT6l



� � � ��������	�

��Ç�� B��yS������������������ ��!"�$#%�'&(��!�)+*-,/.�021%3

E/p
0 0.5 1 1.5 2 2.5 3

C
U

T
 e

ff
ic

ie
nc

y

0

0.2

0.4

0.6

0.8

1
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 / ndf 2χ  456.8 / 24
Constant  37.6±  2612 
Mean      24± 1.304e+05 
Sigma     16.0±  1823 

Energy [MeV]
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 / ndf 2χ  456.8 / 24
Constant  37.6±  2612 
Mean      24± 1.304e+05 
Sigma     16.0±  1823 

Total Energy Distribution with Leakage correction (Last layer method)

 / ndf 2χ  207.4 / 13
Constant  33.5±  2046 
Mean      26± 1.305e+05 
Sigma     17.8±  1789 

before cuts

after cuts
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Total Energy Distribution with leakage correction
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